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Abstract-. The Center for Ocean Energy Technology (COET) 

at Florida Atlantic University (FAU)  is a timely State of Florida 
initiative for the research and development of ocean current and 
ocean thermal energy technologies. The Center is a synergistic 
partnership among academic, industry, and government 
organizations focused on developing knowledge, understanding, 
infrastructure, technology, and policy towards a low-
environmental-impact extraction of ocean energy. The Center is 
a hub that bridges the gap between concept and commercial 
implementation by fostering the research, design, development, 
implementation, testing, and commercialization of cutting-edge, 
clean, and innovative ocean energy technology. It brings together 
a broad range of unique, enabling, and accessible expertise and 
physical assets. 

I. INTRODUCTION 

Florida is faced with an energy crisis in terms of capacity, 
supply, cost, and stability. The state’s population is expected 
to increase to nearly 30 million by 2030 [1], and electricity 
consumption has increased, on average, by 3.8% per year, 
yielding a predicted overall increase in electricity demand by 
at least 30% in the next 10 years [2] - even when energy 
savings are factored in. To meet this future demand, Florida 
must increase electricity generation capacity by nearly 17,000 
Megawatts (MW). However, Florida is over 98% reliant on 
outside energy. Natural gas, coal and other fossil fuels 
comprise almost 90% of Florida’s electricity-generating 
capacity (39% natural gas, 24% petroleum, and 23% coal) 
with less than 8% from nuclear power [3]. More direct 
petroleum-fired electricity, in absolute terms, is generated in 
Florida than in any other state, accounting for over 40% of 
national generation [4]. To meet future short-term demand, 
additional generating capacity is predicted to be composed of 
80% natural gas, 19% coal, and 1% oil. The reliance on 
petroleum produced outside of the state renders Florida 
vulnerable to supply interruptions (caused by storms, 
international supply, political turmoil, etc.). The lack of supply 
diversity ties Florida directly to the volatile energy markets 
that have seen record increases in prices and, as a result, much 
of what consumers spend on electricity goes directly to fuel 
costs. Electricity costs in Florida have increased more than 
50% since 2000 from $0.08/kWh in 2000 to $0.12/kWh.  

While the momentum of fossil fuel power generation cannot 
be immediately turned, the state is pursuing non hydrocarbon-
based energy solutions to provide Florida with energy security, 
price stability, and guaranteed supply.  At present, in-state 
renewable power generation only accounts for less than 2% of 
capacity (including solar, biomass, landfill gas, hydroelectric, 

and waste incineration). Florida’s Executive Order 07-127 and 
recent state legislation have established very aggressive and 
challenging targets for greenhouse gas reduction (2000 levels 
by 2017, 1990 levels by 2025, and 80% of 1990 levels by 
2050). 

The State is pursuing energy diversity by taking advantage 
of its large portfolio of renewable energies. Ocean energy has 
great potential to provide much of Florida’s energy needs. 
Florida is the ideal location to develop this technology. 
Florida is a peninsula with the longest coastline in the 
continental United States, nearly 1400 miles of general 
coastline, almost 8500 miles of tidal shoreline, and with over 
70% of its population living within 10 miles of the coast. 
Florida also has exceptional clean renewable ocean energy 
resources with high base-load electricity generating potential 
from ocean current energy and ocean thermal energy. The 
Gulf Stream Current flows northward past the southern and 
eastern shores of Florida, funneling through the Florida Straits, 
and pumps in a continuous supply of warm tropical surface 
water which overlays colder water replenished from Northern 
regions. 

II. CENTER VISION 

Research and development (R&D) in ocean energy 
technology is characterized by small, disconnected, and often 
intentionally isolated efforts that tend to be focused on single 
technologies.  For ocean energy technology to become 
commercially viable and reach its potential, coordination, 
communication, and immediate access to a wide range of 
resources are needed. The COET’s vision is to be a catalyst, 
establishing infrastructure, proving out concepts, and 
undertaking necessary due diligence in system and 
environmental assessment, as applied to open-ocean-current 
and ocean thermal generation systems. The COET aims to be 
the national and international hub for deep-water ocean energy 
R&D, and to bridge the gap between concept and commercial 
deployment. 

Because no commercially meaningful amounts of electricity 
are being produced from open-ocean current or thermal 
resources, development of the required infrastructure demands 
coordination, communication, and immediate access to 
expertise, knowledge, and testing facilities. In addition, 
leveraging knowledge and technology developed by the wind 
industry, offshore industries, and the U.S. Navy should help to 



accelerate the development of needed ocean energy 
technology. Thus, technology-neutral centers are needed to act 
as catalysts and hubs that transition individual technology 
efforts into a coordinated, commercially-viable industry that 
will grow independently to help sustain economies and 
workforces. 

Because commercial deployment of open-ocean energy 
generating systems will be both technically challenging and 
expensive, it is necessary to first test them thoroughly, 
although such tests can also be both demanding and expensive. 
Accordingly, the COET seeks to create a National Open-ocean 
Energy Laboratory (NOEL) to act as a national resource for 
this purpose, building upon the existing activities of the COET 
and its partner capabilities. It will establish the appropriate 
framework, infrastructure, expertise, workforce, policy, and 
knowledge base, and will carry out fundamental research in 
areas of significant impact to the nascent ocean-current power 
industry. The Center will not be a commercial entity, and  will 
not produce, install, or operate commercial systems. Therefore, 
it will act as a fair and unbiased source for R&D, dedicated to 
the success of the industry as a whole.  

The State of Florida is taking its energy crisis situation 
seriously, and has invested heavily in alternative energy 
solutions, including a total allocation of nearly $14M to the 
FAU Center for Ocean Energy Technology. Initially, COET 
was founded through a competitive grant from the Florida 
State University System’s Center of Excellence Program to 
investigate ocean-based solutions to Florida’s energy crisis. 
More recently, the Florida State Legislature established the 
Florida Energy Systems Consortium, of which Florida 
Atlantic University is a founding member, along with Florida 
State University, University of Central Florida, University of 
Florida, and University of South Florida. 

This Center is guided by the following principles: 

• foster the design, development, implementation, testing, 
and commercialization of cutting-edge, clean, and 
innovative ocean current energy technologies with low 
environmental impact; 

•  provide the basis for collaboration with industry, utilities, 
universities, and government agencies; 

•  provide accessible knowledge, data, and expertise; 
•  develop/leverage and maintain a broad range of 

infrastructure to assist technology development and 
industry testing; and 

•  leverage existing technology and pursue research to 
shorten the time to bring technologies to market 

Outcomes of the COET are: 

•  a facility with the infrastructure and expertise to test 
marine hydrokinetic and ocean thermal energy  
technologies; 

• procedures to ensure that development of ocean energy is 
environmentally viable; 

•  broad engagement with industry, including protection of 
critical intellectual property (IP); 

•  new educational curricula integrated with COET/NOEL 
to attract and retain a uniquely talented workforce through 
horizontal transition to industry; 

•  balanced knowledge-based policy for industry, the 
environment and stakeholders; and 

•  ultimately stable, secure, renewable, and clean base-load 
energy capabilities.  

III. FLORIDA’S OCEAN RESOURCE 

Ocean current energy is the kinetic and potential energy 
available from moving water and density structures of ocean 
currents. The Gulf Stream Current flows northward past the 
southern and eastern shores of Florida, funneling through the 
Florida Straits, with a mass transport greater than 30 times the 
total freshwater river flows of the world. The ocean flow of 
the Gulf Stream is more energy-dense than the world’s best 
wind power-generating sites, with a total energy flux of 25 
GW [6]. The ocean current energy resource in Florida has a 
potential generating capacity of up to 10 GW [7], equivalent 
to 10 nuclear power plants – approximately one third of 
Florida’s average electricity consumption. The Gulf Stream 
never stops, and its flow velocity actually increases in the 
summer, matching well with base-load summer-peaking 
energy demands.  This is an annual average power density of 
1.95 kW/m2, with an average summer power density of 2.52 
kW/m2, and with peak power exceeding 8 kW/m2 in the most 
energy dense sections of the current. On a global scale, the 
realizable energy is likely to be in the order of 100 to 300 GW 
[8]. However, this potential is anticipated to grow as more 
data is collected about the world’s ocean currents. 

To assess the Florida Current resource, nearly 2 years of 
ocean current measurements were collected using a bottom-
mounted, upward-looking 75 kHz ADCP at a site located 3 
miles to the West of the mean axis of the current. The mean 
current speed exceeds 1 m/s down to a depth of 150 m and, on 
average, decreases monotonically with depth, to a weak 0.19 
m/s near the ocean bottom (at 320 m). The current speed 
ranged between 1 and 2 m/s (over 85% of the time) in the top 
100 meters. Between 50 and 100 m, the flow exceeded 2 m/s 
only 3.3 and 0.06% of the time. The predominate direction of 
the Florida Current offshore Ft. Lauderdale ranges between 15 
and 16.5º. Directional consistency is dependent on velocity, 
and, in the absence of velocity, or during periods of low 
velocity, the flow direction becomes confused. In the top 200 
meters, the direction rarely turns west of due north  



Figure 1. The maximum, average, and minimum ocean 
current speed measured offshore Ft. Lauderdale, FL over a 
period of nearly 2 years. Velocity measurements were made at 
15 minute intervals using a 75 kHz ADCP. 

Table 1. The mean, maximum, minimum, and variability of 
the current direction offshore Ft. Lauderdale, FL over a period 
of nearly 2 years.  

Ocean thermal energy is the potential energy contained in 
the naturally replenished vertical temperature distribution in 
the ocean.  As the warm upper surface layers of water are 
heated by the sun, deeper cold water is formed at high 
latitudes, and migrates to the tropical oceans. Ocean thermal 
gradients have the potential to provide all the world’s power, 
equivalent to 10,000 GW [5] (approximately 10,000 nuclear 
power plants, 1 GW is the approximate output power of a 
nuclear power plant). This prospect is very optimistic, but the 
statistic does highlight the massive potential.  

Off the coast of Florida, lies a significant potential for ocean 
thermal energy. The Gulf Stream pumps in a continuous 
supply of tropical warm surface water that overlays colder 
water replenished from cooler regions. The ocean thermal 
energy resource in Florida can be utilized in 3 ways: (1) cold 

seawater-based air-conditioning, (2) ocean thermal driven 
power production, and (3) thermal gradient powered 
desalination. Cold Seawater Based Air Conditioning (CSBAC) 
systems utilize the cold deep water of the ocean to act as a 
chiller in conventional air conditioning systems replacing 
energy-intensive electricity-based chillers, yielding energy 
savings in excess of 80%. CSBAC utilizes underwater pipe 
laid on the ocean floor, submersible and shore-based pumps, 
and on-shore heat exchangers. This technology is important to 
Florida, where up to 50% of the summer electricity usage is 
spent on conventional air-conditioning systems. 

Ocean Thermal Energy Conversion/Generation (OTEC) 
utilizes thermodynamic cycles and a combination of 
electromechanical and thermoelectric systems to harness the 
potential energy contained in the temperature differential 
between the warm surface water and cold bottom water of the 
ocean to produce electricity (as well as other products). These 
massive warm and cold water sources are naturally 
replenished, and, through OTEC, can provide significant base-
load energy to Florida. Low Pressure Flash Desalination 
(LPFD) utilizes the warm ocean surface water to power 
evaporation, and the cold deep ocean water to condense the 
water vapor. Large volumes of fresh water can be produced 
with little energy input. LPFD uses either floating structures 
connected to shore by pipe, or shore-based facilities drawing 
water through offshore pipes. 

To assess the ocean thermal resource offshore South Florida, 
in April of 2008, the Center started performing monthly 
transects from near-shore to a distance of approximately 30 
miles offshore (a series of 11 casts) to measure temperature, 
salinity, pH, and other water properties. The Northward 
flowing warm water from the Caribbean that overlays 
southward flowing cold water yields favorable waters for 
OTEC, in some cases, in depths of less then 200 m. The 
temperatures of the surface water and near-shore bottom water 
change throughout the year. The surface water is warmer in 
the summer and fall and colder in the winter and spring. The 
near-shore pocket of bottom cold water, located between 
longitude 79.90 W and 80.05 W, is larger and colder in the 
summer – which matches the air-conditioning demand in 
Florida. The maximum and minimum temperature differences 
measured to-date near-shore, in a water depth of 200 m 
(offshore in a water depth of 650 m), are 20.5 (23.25) and 15.5 
(20.5) ºC respectively. 

 

 Direction (o True) 

 Mean Max Min Std 
Dev 

% Below 
0o 

% Above 
20o 

Surf 15.0 98.0 -47.6 6.4 1.0 16.8 
50 15.4 85.3 -48.6 6.1 0.7 17.0 
100 15.7 71.5 -31.7 6.5 0.8 21.0 
150 16.5 106 -152 7.1 1.5 28.0 
200 16.5 169 -175 10.3 3.3 31.9 
250 15.5 180 -180 22.6 9.2 30.8 
300 7.1 180 -180 71.7 27.7 45.4 



Figure 2. A West-East cross-section of the ocean 
temperature at Latitude 26.08 N, July 2008. 

The energy production potential, considering factors such as 
maintenance, efficiencies, and location issues, of waters 
surrounding Florida, is tens of GigaWatts. It is estimated that 
near-term coastal installations would also save Florida several 
GigaWatts, achieving a greater impact if district cold water 
A/C is implemented, but only as a very long-term endeavor. 
The energy in ocean thermal gradients can also be used to 
power low pressure flash desalination plants to generate large 
volumes of sorely needed freshwater without requiring 
additional energy input. 

IV. FACILITIES AND CAPABILITIES 

The COET/NOEL and its partners have decades of 
experience conducting ocean science and research.  The 
Center is located on two FAU campuses, at the Institute for 
Ocean and Systems Engineering (IOSE) and Harbor Branch 
Oceanographic Institute (HBOI). IOSE is housed on eight 
acres of land on the beach between the Atlantic Ocean and the 
Intra-Coastal waterway in Dania Beach, with valuable access 
to the offshore ocean environment and near-shore seawater. 
The Institute’s 50,000 sq. ft building houses research 
laboratories, classrooms, faculty offices. Facilities include 
machine and electronic shops, significant computational 
capabilities, a 60ft wave/towing/flume tank and a smaller 
laminar flow re-circulating channel, and ocean observation 
systems. HBOI is situated on a 520-acre campus, located on 
the Indian River Lagoon, in Fort Pierce, Florida. Facilities 
include a 3000 sq. ft. machine shop, a well-equipped 1000 sq. 
ft. graphics drafting facility, a 25,000 sq. ft. fabrication/weld 
shop with a 50 ft tall highbay, including all updated and 
necessary shop fabrication tools, and various cranes (including 
gantries) that allow fabrication tasks of very large structures, 
and 2200 sq. ft. of electronics laboratory space. 

The specialized facilities and equipment which include 
ready access to a range of ocean vessels with broad 

capabilities is essential to support resource assessment and 
offshore testing. FAU owns and operates an advanced fleet of 
vessels ranging from small support vessels such as the 22’ 
R/V Lee and the 35’ R/V Ocean Power, to the 204’ ship R/V 
Seward Johnson. To augment the fleet, FAU also has several 
underwater work systems capable of installation, assembly, 
inspection, maintenance, survey, and many other tasks. These 
include: two 4-person submersibles capable of operating down 
to 3,000 fsw, two 1-person submersibles capable of operating 
down to 2000 fsw, a Remotely Operated Vehicle (ROV), and 
several Autonomous Underwater Vehicles (AUVs) with depth 
ratings ranging from 300 fsw to nearly 10,000 fsw. These 
provide the critical ability to perform a broad range of tasks 
under water, and to support fully offshore operations with 
appropriate equipment. 

Other assets include key instrumentation and diagnostic 
systems for measuring and assessing the environment. Among 
these are Acoustic Doppler Current Profilers (ADCPs), which 
use a high-frequency, low-power sonar to measure current 
velocities over a range of depths, Coastal Ocean Dynamics 
Application Radar (CODAR) systems that utilize high-
frequency surface wave propagation to remotely measure 
ocean surface waves and currents, and Conductivity, 
Temperature, and Depth (CTD) sensor packages, which are 
raised and lowered through the water column to measure 
water properties. 

A. National Open-ocean Energy Laboratory 
(NOEL) 

Currently, only one comprehensive open-ocean testing 
facility exists in the world for ocean energy, the European 
Marine Energy Center (EMEC) located in the Orkney Islands 
near Scotland. EMEC was established to support ocean wave 
and tidal energy system development from prototype stage, to 
the commercial marketplace. Presently, no comprehensive 
commercial ocean current and ocean thermal energy testing 
infrastructure exists. The COET is establishing the capability, 
infrastructure, expertise and strategic partnership needed to 
develop and deploy a national test-bed facility – the National 
Open-ocean Energy Laboratory (NOEL) – to focus on 
sustained ocean current and ocean thermal energy systems. 
This NOEL will balance the existing EMEC facility. 

NOEL will involve permanent infrastructure offshore of 
South Florida, in the Florida Current, to serve as an integrated, 
standardized testing and research range for advanced marine, 
hydrokinetic, and ocean thermal devices. Range activities will 
focus on devices, components, and systems to harness 
sustained open-ocean current and thermal potential and, to a 
lesser degree, ocean tidal and wave systems. This facility will 
provide capability to government agencies, technology 
developers, and universities for testing and evaluation of 
ocean energy systems, from small sub-scale systems to full 
scale commercial ones  - Technology Readiness Levels (TRLs) 



3 – 9. The range will be used to develop best practices, test 
protocols, and system standards, to perform environmental 
and ecological assessment and risk mitigation, to pursue 
advanced technology development and demonstration, and to 
facilitate education and outreach. Although the NOEL is 
intended to support commercial activities, it will remain 
impartial to any commercial interest. 

The development of the NOEL is planned in three major 
phases, driven largely by permitting protocol. Phase one 
begins with installation of temporary infrastructure to support 
initial studies through a large-scale, fully capable, permitted 
testing range. The first phase will temporarily deploy stand-
alone instruments to gather baseline data to guide subsequent 
phases and to support near-term science, environmental and 
resource assessment, and technology development. During the 
second phase, a suite of instruments will be permanently 
deployed that are directly connected to shore by data and low-
power cables. The cables will provide a real-time control and 
data link to shore-side facilities, as well as, power for the 
instruments. Finally, a high-capacity power cable will be laid 
offshore, nodes will be installed to connect power generation 
systems, and onshore monitoring systems will be finalized, 
thus creating a full-scale testing range. These planned phases 
ensure that NOEL will support ocean current and other 
systems.  

Figure 3. The proposed COET/NOEL ocean energy testing 
range is the yellow blocks located offshore Ft. Lauderdale. 
The Department of Interior’s Minerals Management Services, 
http://www.mms.gov/offshore/AlternativeEnergy/Assets/PDF
s/FloridaProposeLeaseColorCoded.pdf. 

Phase 1 Ocean Observing and Monitoring System 
Only sparse measurements of the ocean environment exist 

within the proposed NOEL, most of them near shore. Thus, 
baseline information is needed to characterize, in detail, the 
spatial and temporal variability of the ocean in the range area. 
As part of this phase, two classes of instruments will be 
temporarily installed: ADCPs and CODARS. Two shore-
mounted 12 MHz CODAR stations will be deployed onshore 
(Haulover Inlet to the south of Port Everglades and 
Hillsborough Inlet to the north). These installations will 
provide ocean-surface current measurements over the entire 
NOEL test range at a grid resolution of approximately 1 km, 
updated at 20 minute intervals. High resolution vertical 
velocity profiles of the Florida Current will be obtained at 
regular intervals from an array of cross-stream ADCPs.  

The moored ADCPs and CODAR systems cannot capture 
small-scale horizontal spatial properties within the water 
column, and therefore they provide only part of the necessary 
hydrographic picture. Thus, at regular intervals, cross-stream 
vertical profiles of the salinity and temperature and the east-
west vertical velocity profile will be obtained along the 
longitude of the moored ADCPs, using a CTD and ship-
mounted downward-looking phased-array ADCP. CTD casts 
will be performed at each ADCP mooring, and locations 
between them. Detailed bathymetric, bottom type, and 
ecological data will also be collected with vessel-mounted and 
towed instruments.  

Phase 2 Ocean Observing and Monitoring System 
Phase 1 stand-alone temporary installations will provide the 

necessary observations and information for site planning, 
development and permitting. However, retrieval of data (and 
hence access to it) will necessarily be limited to periodic on-
site downloads using acoustic telemetry. As well, repeated 
deployments, recoveries, and refurbishments would add 
significant costs and personnel to the project. To facilitate 
cost-effective operations, real-time data flow and a long-term 
presence will be required.   

Instruments will be permanently installed onshore and 
offshore during Phase 2 to provide real-time data about the 
resource, ocean conditions, and device-specific measurements. 
The set of instruments on the ocean floor will be connected to 
a direct high-speed data and power link to shore, which is 
currently envisioned to be electro-optical armored cables. The 
data, knowledge, and understanding of the spatial and 
temporal characteristics of the Florida Straits, as well as, the 
environmental and ecological data collected in studies from 
Phase 1, will determine the path of the cable, type of cable(s), 



locations of instruments, and methods for 
deployment/maintenance/recovery. The instruments will 
include current measuring systems such as ADCPs and surface 
current radars, and bottom-mounted profiling CTD systems. 
By judiciously locating each instrument system, a full 
volumetric measure of the offshore environment will be 
available, providing instantaneous and continuous 
measurement in support of resource assessment and testing. 
Thus, ocean energy systems can be deployed in a fully 
characterized environment, allowing rapid and cost-effective 
offshore testing for research and industrial purposes. 
Additional sensors will be installed such as underwater 
cameras and passive hydrophones for acoustic tracking to 
benefit the environmental scientific and education 
communities.  

Phase 3 NOEL Testing and Evaluation Range 
To facilitate in-water testing of ocean energy components 

and systems, Phase 3, the most ambitious phase, will involve 
installation of systems to create a full-scale offshore testing 
and evaluation range for ocean-energy systems. At present, it 
is envisioned that this phase will involve design and 
deployment of one or more power-conducting trunk lines to 
connect offshore turbines to the onshore power grid. To 
facilitate rapid standardized installation and testing of turbine 
systems, plug-and-play offshore underwater nodes will be 
specified and installed. This permanent infrastructure, 
including the ocean observing and monitoring system, will 
allow quick system deployment and recovery, real-time 
monitoring through the high-speed connection with the 
offshore systems, in-place permits, standardized 
measurements, onshore monitoring facilities, activated power-
grid connections, access to experts and base-line data, and 
year-round operation in both near-shore shallow and deep-
water facilities. The offshore nodes are envisioned to consist 
of a concrete structure on the bottom, anchored in place with 
both permanently moored connections and underwater-
mateable power and communication connections.  This will 
allow systems to be plugged in without requiring recovery of 
the mooring, acoustic modems and passive hydrophones to 
provide through-water communications and sound-level 
monitoring, and other environmental sensors to provide local 
water-velocity measurements. Each node anchor system will 
be designed to support the mooring load of a commercial-
scale system. 

To avoid any actual or perceived conflict with commercial 
development, power output from the range will be limited to 
5MW, thus providing for full commercial-scale testing while 
avoiding commercial-scale energy production. The COET is 
working with Florida Power and Light Corporation, one of its 
partners, who own and operate the power grid in South Florida, 
to develop grid connection. 

 

V. RESEARCH FOCI 

Designing any system to operate reliably for extended 
periods of time, and to produce energy (and other products) 
that are cost and performance-competitive with land-based 
equivalents involves unknown risk, and hence, unavailable 
risk mitigation experience. COET/NOEL will pursue both 
short-term and long-term R&D in areas aimed at accelerating 
open-ocean energy extraction, while at the same time adopting 
a test protocol that enables risk mitigation. These efforts will 
leverage existing technology with recent breakthroughs in 
science and engineering from offshore oil and gas industries, 
naval architecture, energy research, navy design, 
environmental knowledge, and land-based technologies. The 
focus is on advancing critical technology, tools, and 
knowledge in the areas of (1) engineering/ technology, (2) 
environment and ecology, and (3) policy, and economics for 
the unique environmental conditions and novel applications 
related to harnessing ocean current energy. The research 
described below is intended to provide a brief overview of the 
existing and planned research areas to address the viability 
and sustainability of a marine hydrokinetic and thermal energy 
industry.   

A. Engineering Research 
Materials and their protection  

This effort will identify and characterize materials for 
various applications, will identify and design corrosion control 
and monitoring systems to attain required service life and 
performance of ocean energy structures, and will provide an 
information clearinghouse for engineering and technology 
design. Research will also include identification of best 
practices for protection against corrosion and bio-fouling. 
Research areas include (1) high strength steels, (2) Ti alloys, 
(3) composites, (4) corrosion resistance alloys (CRAs), and (5) 
protection systems, e.g. coatings and cathodic protection.   

Intelligent systems 
The objective of intelligent systems research is to develop 

techniques and sensor systems that minimize equipment 
failure and downtime while increasing reliability and 
providing maintenance optimization. This effort will: (1) 
develop sensor systems to monitor the health of offshore 
systems, (2) develop prognostic methods based on operating 
turbines within the test range, and (3) work with industrial 
partners to equip their systems with the necessary intelligent 
health monitoring, assessment, and prognostic systems. 

Energy storage, transmission, and chemical-conversion 
product development 

Research efforts will develop offshore processes for the 
production of hydrogen and other chemicals and/or fuels from 
seawater for ease of long-term storage and transport. This 
effort will: (1) study the energy transmission issues and, by 
integrating advances in technology, determine the most cost-
effective means of energy transport for different distances 



from shore, (2) develop new technologies for electrolysis of 
sea water, (3) review feasibility and develop technology for 
offshore underwater ammonia generation (or other novel 
energy storage chemicals that are energy carriers), high-value 
fuels and chemical feedstocks, and (4) develop processes and 
technology for generation of value-added products.  

Energy transmission and grid integration 
The objectives of this effort are to provide a scientific and 

engineering basis for transferring electrical energy harvested 
offshore from numerous floating power generation units to 
shore, with minimal losses, high reliability, and minimum 
adverse impact on the existing electrical power grid. Therefore, 
the research will be conducted to: (1) investigate novel 
transmission technologies, including high current DC and 
superconducting systems, (2) develop optimal structure for the 
United States Transmission Grid (USTG) to maximize 
reliability of service and investigate the integration of the 
USTG into existing power grid, (3) identify advanced fault 
management methods for locating and isolating faults in the 
USTG, and (4) provide for optimal control of the USTG and 
the associated power conversion systems.   

 Experimental turbines in a sustained ocean current 
No ocean current turbines exist, or have been built, that are 

capable of operating in a sustained ocean current, or that have 
been deployed offshore in the Gulf Stream, for more than a 
few hours. Thus, little, if any, knowledge exists about in-situ 
performance of this technology. As well, laboratory 
experiments cannot replicate the long-term operating effects 
of real system deployment and operation. As a result, a strong 
level of confidence cannot be placed on existing analyses, and 
this research effort is intended to assess the performance of 
existing technology while mapping out the needed technology 
areas of study.  

To investigate these areas, COET will design, fabricate, 
deploy, and operate a series of small-scale test turbines. The 
initial design is a 20 kW open-blade axial-flow horizontal 
underwater turbine, driven by a 3 m diameter 3-blade rotor. As 
knowledge is gained from each generation, design will 
iteratively progress toward a 300 kW test system. The focus of 
this research is to perform a technology assessment of the 
equipment, aimed at identifying gaps that need to be filled for 
commercial implementation and to investigate and collect data 
about potential environmental impacts, providing a better 
foundation for future studies.   

B. Environmental and Ecological Research 
Environmental and ecological research for the NOEL is 

needed to fully understand the open-ocean system and provide  
for mitigation of potentially adverse impacts resulting from 
ocean energy development in the Southeastern United States. 
Critical research will be conducted throughout all phases fo 
the program to provide the necessary knowledge to assist State 
and Federal agencies to implement all phases of permitting. 

Benthic Site Assessment and Mapping 
In the marine environment, the development of objective, 

systematic and intuitively understandable habitat maps 
fundamental to the study and management of living natural 
resources, has just begun. In the southeastern United States, 
habitat mapping is urgently needed in areas of greatest fishery 
production, such as shelf-edge reefs and deep-water reefs 
(where there is increasing loss of habitat and fishery 
production, and declining biodiversity). The COET/NOEL 
will investigate these bottom effects using high-resolution 
imaging from AUVs, submersibles, and ROVs, employed to 
co-locate features and areas of concern.  

Marine Mammal Population Assessment and Monitoring 
Using a sophisticated array of hydrophones, remote 

listening/recording data systems, and aerial and boat-based 
surveys, the Center will monitor offshore marine mammal 
stocks in the proposed range. Information on species-specific 
spatial and temporal distribution will serve as a guide to 
predict areas and times of concentration, as well as 
significance for various stages in the life cycle, such as 
calving or mating, which may require conservation measures.  

Sea Turtle Population Assessment and Monitoring 
Details of migratory and diving behavior by sea turtles 

along Florida’s coastline are not well studied, so little data 
exists to address impacts of offshore energy development. To 
address the potential impacts, data will be collected and 
analyzed that will: (1) detail the geographical and temporal 
distributions of the various sea turtle species, (2) provide 
baseline data on feeding grounds for the species using these 
deep waters, (3) identify species-specific concerns relative to 
placement of the turbine and cables, and (4) identify any site 
fidelity occurring in these waters. Vessel-based surveys will 
be conducted to assess population trends and to collect 
baseline data on life history relative to the site. Information on 
species-specific spatial and temporal distribution will serve as 
a guide to predict areas and times of concentration, as well as 
determine the significance of ocean energy system impacts for 
various stages in the life cycle. 

Environmental and Physical Session Modeling and Simulation  
The objectives of this effort are to develop tools for 

prediction of system performance, planning and anticipating 
environmental and climatic problems before establishing 
systems in the ocean, system design optimization, and 
mitigation of environmental impact. Modeling and simulation 
provides virtual realizations of real world problems. The 
Center will leverage and expand state-of-the-art computational 
tools and software to: (1) predict background conditions, 
including distribution of currents, temperature, and other 
quantities, (2) determine impacts of individual turbines on the 
local environment, including upwelling, downwelling, and 
down-stream wake, (3) estimate gross impact of several 
systems on the environment for various system placement 



designs, and (4) investigate design modifications for 
mitigation of environmental impact and system optimization. 

C. Economic, Policy and Standards Research  
Lifetime economics 

The aims of this effort are to develop, implement, test, and 
validate detailed knowledge of full life-cycle economics 
analysis associated with ocean energy projects in North 
America, and to provide the basis for fair comparisons with 
other energy projects for potential investments. Variables 
considered are: design, fabrication, demonstration/validation, 
delivery, installation, maintenance, taxes, incentives, tariffs, 
insurance, capital investment, and other financial parameters.  

Policy development  
This research will assist in the development of policy based 

on knowledge that balances public wellbeing, stakeholders’ 
interests, and environmental impact of business development.  
Keeping in mind the nature of the resource for the test and 
demonstration site (the Gulf Stream), there are potential global 
policy implications that also need to be addressed. In fact, it is 
very likely that these areas will be sufficiently novel so that 
policies and regulations must be carefully considered and 
analyzed to ensure unnecessary barriers to commercial 
development are not adopted, and while establishing necessary, 
safe, and environmentally-friendly practices. The Center will 
work with local, state, and federal government to develop and 
define the criteria and knowledge needed to address policy on 
a global scale. The COET is working closely with federal and 
state agencies to review criteria for early-stage policy.  

 Development of ocean energy system standards, best 
practices, and testing methodologies 

The aim of this effort is to develop standardized methods 
and criteria to test and evaluate ocean turbine technology. The 
ocean energy industry is new, so that standard practices, 
criteria, and methodologies need to be developed to evaluate 
and compare technologies. The Center will work with industry 
and government bodies to develop an initial set of standards 

that leverage existing standards in the offshore oil and gas, 
shipping, and the power industries.  

ACKNOWLEDGMENT 

The Authors gratefully acknowledge Florida Governor 
Charlie Crist, the Florida State Legislature, the Florida Board 
of Governors, the Florida State University System’s Science 
and Scholarship board, and Members of the United States 
Congress, for their leadership and sponsorship of this vision 
for Florida. The authors also gratefully thank Aquantis LLC 
and Lockheed Martin for their support, as well as, all of the 
Center’s industrial, government, and academic partners, 
including our partners in the United Kingdom.  To achieve the 
vision of harnessing the ocean current as a viable energy 
source and enabling the establishment of a sustainable 
industry requires a collaborative effort – without all of you 
working as a team, none of this would be possible. A complete 
list of our partners is provided on our website: 
http://coet.fau.edu. 

REFERENCES 
[1] U.S. Census Bureau, “Interim Projections of the Total Population for the 

United States: April 1, 2000 to July 1, 2030,” 2005, 
http://www.census.gov 

[2] Florida State Legislature, “2006 Florida Energy Act,” 2006, 
http://www.dep.state.fl.us 

[3] “Florida’s Energy Plan,” 2006, http://www.oe.netl.doe.gov 
[4] Energy Information Administration, “State Profiles, Oct. 2006”, 

http://tonto.eia.doe.gov 
[5] Department of Energy, National Renewable Energy Laboratory, 

www.nrel.gov/otec/what.html 
[6] Von Arx, W.S., Stewart, H.B. and Apel, J.R., 1974, “The Florida 

Current as a Potential Source of Usable Energy,” Proceedings of the 
MacArthur Workshop on the Feasibility of Extracting Usable Energy 
from the Florida Current. 

[7]  Lissaman, P.B.S. and Radkey, R.L., 1979, “Coriolis Program: A Review 
of the Status of the Ocean Turbine Energy System,” IEEE, 559-565 

[8] Isaacs, J.D. and Schmitt, W.R., 1980 “Ocean Energy Forms and 
Prospects.” Science 207 (4482): 265-73 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


