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The patterns and overall magnitude of 
energy usage worldwide seem to preclude 
a single renewable alternative to traditional 
fossil fuel sources. Still, putting renewable 
resources to work where they exist, and 
thereby implementing a widely diversified 
portfolio of renewable energy recovery, 
offers the possibility of significantly reducing 
fossil fuel use on a regional basis. One such 
resource is the Florida Current, an oceano-
graphic feature that has been the focus of 
intense study for many decades. Understand-
ing its behavior on the time and space scales 
required to realize its energy potential, how-
ever, is still a work in progress, one that is 
challenged by a paucity of relevant data 
and by a range of sensitive environmental 
considerations.

Harnessing the power of the Florida Cur-
rent is hardly a new idea (see Hanson et al. 
[2010] for a brief history). With the increased 
emphasis on renewable alternatives to fossil 
fuels in recent years and the success of the 
wind power industry, this decades- old vision 
has been dusted off and is now considered 
along with waves and tides to be a prom-
ising marine hydrokinetic (MHK) energy 
resource for the future. The Wind and Water 
Power Program within the U.S. Department 
of Energy’s Office of Energy Efficiency and 
Renewable Energy has developed a strategy 
of industrial and academic collaboration, 
led by the department’s National Laborato-
ries and National Marine Renewable Energy 
Centers, to advance the technology required 
for implementing marine renewable energy 
strategies (see http:// www1 .eere .energy .gov/ 
 windandhydro). Such implementation off-
shore of southeastern Florida requires a better 
understanding of the Florida Current’s behav-
ior on scales relevant to MHK energy recovery. 

One way to achieve this better under-
standing may be to begin discussing some 
traditional oceanographic results in the con-
text of developing an energy- generating 
system. Through such reinterpretation, 
scientists and engineers can develop 

requirements and new strategies for addi-
tional observations that will facilitate MHK 
energy recovery.

A Brief Technology Detour

Although vastly oversimplified, a useful 
conceptual metaphor for recovering energy 
from the Florida Current is to think in terms 
of waterproofed wind turbines, housed in 
buoyant pressure hulls that are moored sub-
merged at an appropriate depth while teth-
ered to anchor cables. Indeed, many of the 
proposed designs for such systems closely 
resemble wind turbines without the towers. 
Further, alternative designs (for example, 

the vertical- axis turbines known as Savonius 
rotor systems and horizontal- axis, cross- flow 
systems) are also being proposed. An exten-
sive database of technologies for all three 
MHK energy resources— currents, waves, 
and tides— can be found at http:// www1 
.eere .energy .gov/  windandhydro.

The power density— the power per unit 
cross- sectional area— of a flowing fluid is 
proportional to the cube of the flow speed 
and the fluid’s density. An important consid-
eration about this relationship is that energy- 
generating systems all require a minimum 
flow speed to operate— the so- called “cut- in” 
speed, the flow speed that is strong enough 
to turn the system’s rotor against frictional 
effects and the generator’s electrical load. A 
second relevant point is that ocean currents 
offer about the same power density as the 
wind. This is because, while ocean currents 
are about an order of magnitude slower 
than the wind, the density of water is about 
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Fig. 1. Time series (vertical axis) of power available (in gigawatts, according to the color scale at 
right) in the Florida Current as a function of cut- in speed (horizontal axis). This result is inferred 
from the “universal” curve in Figure S2 in the online supplement to this Eos issue and from total 
transport measurements as regressed against total power. The limitations of a hypothetical sys-
tem having a 1- meter- per- second cut- in speed are shown superimposed. By H. P. Hanson, a. Bozek, and a. e. s. duerr
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3 orders of magnitude greater than air. Con-
sequently, a 2- meter- per- second flow in the 
Florida Current has about the power density 
of a gale force wind.

This is what makes oceanic flows so 
attractive to energy developers. Further, the 
high demand for electricity in the southeast-
ern Florida metropolitan area makes the 
Florida Current particularly attractive for 
filling local needs. But because the Florida 
Current exhibits a highly nonuniform struc-
ture [e.g., Leaman et al., 1987; Beal et al., 
2008] (see Figure S1 in the online supple-
ment to this Eos issue (http:// www .agu .org/ 
 eos _ elec/)), deployment locations are criti-
cal, and the power available to be harnessed 
is a strong function of the cut- in speed of a 
particular technology [Hanson et al., 2010].

Implications 

As shown in the online supplement, the 
relationship between power and cut- in 
speed, deduced from a data set by Leaman 
et al. [1987], holds for the month- to- month 
variations of the Florida Current exhibited 
by the behavior of a global ocean circulation 
model. Although this result is imprecise and 
its basis is not fully understood, it can pro-
vide useful guidance for the developers of 
ocean current generating systems. For exam-
ple, a time series of total mass transport 
measurements through the Florida Straits 
can be used to construct an available- power 
diagram for a particular generating system. 
Figure 1 shows such a diagram for a hypo-
thetical system with a 1- meter- per- second 
cut- in speed (chosen arbitrarily for illus-
tration purposes here). It is important to 
emphasize that the power shown in Figure 1 
is that of the entire flow through the Florida 
Straits; mechanical inefficiencies and other 
limitations of generating equipment (includ-
ing its geometry— the entire cross section 
of the channel can never be captured, after 
all) will always further limit the recoverable 
power.

Information about the power of the flow 
as a function of its speed can provide incen-
tives for improving system designs to maxi-
mize yield. Further, to the extent that ocean 
forecasting systems can predict the Florida 
Current’s total transport, knowledge of how 
the current fluctuates through time can also 
serve as a way to schedule maintenance 
operations at sea to minimize downtime dur-
ing especially energy- rich periods.

Variability on Short Time Scales

Longer- term variations such as those 
shown in Figure 1 are useful guidance for 
understanding the economics of power 
development in the Florida Straits. In addi-
tion, they can be easily extended to map 
out spatial patterns of power density with 
respect to the spatial structure of the flow 
field shown in Figure S1 as a way to plan the 
locations for equipment deployment. How-
ever, both model and observational data 
sets, as well as the spatial patterns deduced 

from them, have scales of tens of kilometers, 
while oceanic generating systems will be, at 
most, tens of meters in scale. This scale mis-
match suggests the need for analyses and 
new measurements on even smaller space 
and time scales.

Figure 2 (top) shows a 400- day time series 
of current speed, obtained with a bottom- 
mounted acoustic Doppler current profiler 
under the core of the Florida Current, and 
Figure 2 (bottom) shows a 40- day period 
extracted from the longer record. The impor-
tant features of these data from the energy- 
developer perspective are the scales of vari-
ability. Oceanographers have long been 
interested in seasonal and longer time 
scales [e.g., Johns and Schott, 1987; Meinen 
et al., 2010], some of which are visible in Fig-
ure 2 (top). However, variability seen in the 
40- day record— easily captured by the pro-
filer— is also important, not only from the 
perspective of the consistency of power out-
put but also for the variable stresses on tur-
bine systems. These variations in stress are 
especially important because, while power 
densities in the ocean and atmosphere are 
similar, the oceanic loading on the blades 
of turbines scales a factor of 10 higher than 
the atmospheric stresses would [Hanson 

et al., 2010]. While the shape of a blade may 
translate well from air to water, its internal 
construction— i.e., its strength— will not.

From this single- profile record, it cannot 
be said whether the core of the Florida Cur-
rent is surging on these various time scales 
or is meandering across the instrument. In 
either case, though, the implications for 
energy recovery are important, and, as a 
result, further study and monitoring of the 
Florida Current on fine scales are warranted. 
Such fine- scale information may also be 
interesting from an oceanographic perspec-
tive, because the behavior of the turbulent 
eddy spectrum and its role in determining 
the spatial structure of the large- scale cur-
rents are not completely understood.

Outlook for Energy Production

More detailed physical oceanographic 
data sets are not the only types of infor-
mation needed to answer questions about 
MHK development in the Florida Straits and 
elsewhere. Data sets concerning how large- 
scale underwater deployments of rotating 
machines will affect marine life and ocean 
chemistry are also needed. Especially off-
shore of southeastern Florida, knowledge 

50

100

150

200

250

300

50

100

150

200

250

300

2.5

2.0

1.5

1.0

0.5

0

2.5

2.0

1.5

1.0

0.5

0

�me03/08 04/09

07/08 08/08

de
pt

h 
(m

et
er

s)
de

pt
h 

(m
et

er
s)

Fig. 2. Current speed (colors, in meters per second from scales at right) as a function of time 
(horizontal axis) and depth (vertical axis), based on an upward looking acoustic Doppler cur-
rent profiler deployed at 26°4.3'N, 79°50.5'W, 15 meters above the 340- meter bottom. Shown are 
(top) the full 400- day data set and (bottom) a 40- day period beginning on 1 July 2008. 
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The BP Deepwater Horizon oil rig explo-
sion and the resulting oil spill in the Gulf 
of Mexico last year were “foreseeable and 
preventable,” according to the report of 
a presidentially appointed commission, 
issued on 11 January, that recommended 
significant changes in U.S. government 
and industry practices to avoid future oil 
spill disasters.

Among the recommendations of the 
National Commission on the BP Deepwater 
Horizon Oil Spill and Offshore Drilling are 
that Congress and the Obama administration 
create an independent safety agency within 
the Department of the Interior (DOI) to over-
see all aspects of offshore drilling safety 
and that the oil and gas industry establish 
a “safety institute” to develop and enforce 
safety standards.

To help identify and address drilling risks, 
the report calls for strengthening science 
and interagency consultations in outer conti-
nental shelf (OCS) oil and gas decision mak-
ing. A specific recommendation is for the 
Department of Energy, the National Oceanic 
and Atmospheric Administration (NOAA), 
the U.S. Geological Survey, and other agen-
cies to establish a joint research program to 
collect critical scientific data and provide 
ecosystem-based scientific reviews of OCS 
areas that are or could be open for oil and 
gas leasing. The report also calls for accel-
erated scientific and technical research on 
issues related to offshore drilling and for 

greater attention to tools such as coastal and 
marine spatial planning and ocean observa-
tion systems to improve environmental pro-
tection and management.

In addition, the report indicates that the 
liability cap for drilling operators should be 
raised well above the current $75 million 
and that Congress should set aside 80% of 
any federal Clean Water Act penalties result-
ing from the spill for long-term restoration of 
the Gulf of Mexico. 

The commission, noting that “deepwa-
ter drilling can be done safely,” found that 
errors, mistakes, and management failures 
“were not the product of a single, rogue 
company, but instead reveal both the fail-
ures and inadequate safety procedures of 
three key industry players that have a large 
presence in offshore oil and gas drilling 
throughout the world.”

Also, the commission found that govern-
ment oversight “failed to reduce the risks 
of such a well blowout”; that DOI’s Miner-
als Management Service (now the Bureau 
of Ocean Energy Management, Regulation 
and Enforcement) did not receive adequate 
funding to effectively oversee offshore drill-
ing; and that industry and government were 
unprepared to contain a deepwater well 
blowout and to respond to a massive deep-
water oil spill. In addition, the commission 
also includes safety recommendations for 
drilling in the Arctic.

At the 11 January briefing to issue 
the report, commission cochair William 
Reilly, former administrator of the U.S. 

Environmental Protection Agency, said 
“a culture of complacency” had affected 
both government and industry. He said 
that whether or not industry accepts the 
commission’s analysis that there is a sys-
temic problem, “it seems to be indisputable 
that the solution to the problem must be 
industry-wide.”

“It is in everybody’s interest to get this 
right— the government’s to step up its over-
sight, industry to raise the bar of performance 
for any laggards, and the Congress to ensure 
the protection of the Gulf and its people,” he 
added.

Commission cochair Bob Graham, for-
mer U.S. senator from Florida, pointed to the 
need for more consideration of environmen-
tal risks associated with drilling. “Our inves-
tigation also demonstrated that science has 
not been given a sufficient seat at the table. 
Actually, that’s understating matters. It’s 
been virtually shut out,” he said.

In response to a question at the brief-
ing from Eos, commission member Donald 
Boesch, president of the University of Mary-
land Center for Environmental Science, said 
DOI’s science program to manage the off-
shore environment has not been given enough 
resources for adequate oversight. “It is focused 
on the things that it needs to do to get the 
lease sale done,” he said, and it does not 
invest adequately in understanding environ-
mental processes that are important to having 
a predictive capacity of what an incident like 
the Deepwater Horizon spill might cause.

Boesch said there needs to be an improved 
understanding of the Gulf of Mexico as a 
dynamic system and that there should be 
an integrated ocean observing system put in 
place there. “Our interest is not to slow down 
the industry but to set a new set of operat-
ing rules, so that there is a predictability, they 
know what they need to do. The cost is really 
quite small compared to the value of the 
resource that is being produced, or the risks 
if we have another accident.”

of how anchoring the power- generating 
turbines will affect biological communi-
ties on the seafloor is needed, given recent 
discoveries of deep cold- water reefs. Fur-
ther, underwater deployment of complex 
machines with exposed moving parts for 
long periods of time presents challenges 
associated with biofouling— the accu-
mulation of algae and other sea life on 
machinery—  and corrosion. Overcoming 
these challenges will be integral to success-
ful MHK energy recovery.

Although development of renewable 
energy resources for the future is an impor-
tant priority for decreasing greenhouse gas 
emissions, it is equally important for this 
development to occur within a context of 
environmental stewardship. The involve-
ment of the broader geoscience commu-
nity in the planning and execution of MHK 
energy recovery is one way to help ensure 
that such environmental stewardship is not 
neglected. And widespread reinterpretation 

of traditional geophysical data sets has the 
potential to reveal a wealth of information 
that can provide valuable insight for sensible 
development of this potentially rich energy 
resource.
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