
PURPOSE

At the request of the North Carolina General Assembly the 

University of North Carolina at Chapel Hill conducted a 9-month 

study to assess the feasibility of installing wind turbines in the 

sounds and off the coast of 

North Carolina. The request 

specifi ed that the assessment 

include an analysis of the 

spatial distributions of available 

wind power, ecological risks 

and synergies, use confl icts 

affecting site selection, foundation 

systems and their compatibility 

with sound and ocean bottom 

geology and associated geologic 

dynamics, electric transmission 

infrastructure, utility statutory 

and regulatory barriers, 

the legal context, carbon 

reduction potential, and 

economics. Discrete 

work components 

were addressed by 

a project team 

that drew upon 

expertise within 

the University as well as consultants. 

Key fi ndings in each of these areas 

as well as the overall conclusions 

are discussed herein along with 

recommendations for 

next steps.
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SUMMARY

This study fi nds there is potential for utility-scale 

production of wind energy off the coast of North 

Carolina and possibly within eastern Pamlico Sound. A 

synthesis of the geological, ecological and use confl ict 

components indicates that wind energy development in 

North Carolina and offshore waters is subject to a variety 

of spatially-varying constraints. Areas unfavorable for 

wind energy development are identifi ed and are found to 

exclude most State waters with the exception of eastern 

Pamlico Sound. This study confi rms that, because of a 

promising wind resource, large areas offshore of the North 

Carolina coastline are potentially well-suited for wind 

energy development and worthy of further investigation. 

A high-level review of utility transmission infrastructure 

in eastern North Carolina suggests some capacity to 

accommodate offshore generation but upgrades may 

be required; further study is needed. Existing State 

law presents signifi cant legal and permitting barriers 

to development in State waters and should be revised 

and new federal regulatory processes deserve careful 

attention. Few regulatory incentives exist for wind energy; 

several options to improve incentives are discussed. A 

high-level economic screening suggests the levelized cost 

of generation for either inshore or offshore development 

is in the $101-106 per MWh range. Signifi cant carbon 

emission reduction is anticipated as a result of a utility-

scale generation facility assuming an offset of fossil fuel 

power. North Carolina is well positioned to develop utility 

scale wind energy production and it is the opinion of the 

project team that the State should pursue it aggressively.

STRATEGIC ADVANTAGES
North Carolina is lagging behind other states 
in establishing a wind energy strategy. Some 
advantages that can be capitalized on immediately to 
catch up are:

•  Develop demonstration turbines: There are no water-
based wind turbine pilot projects ongoing in the US 
at this time. The area in the Pamlico Sound identifi ed 
as potentially suitable offers an opportunity for a pilot 
project to test empirically the ecological risks and to 
conduct engineering research. An inshore location 
will potentially streamline permitting and provide easy 
access for research. 

•  Support additional wind research: More detailed wind 
resource analysis, including alternative extrapolation 
schemes, a sustained modeling effort, and an in-situ 
offshore wind measurement campaign including vertical 
profi ling of the atmosphere, is a high priority for any 
wind energy development. The US Navy has existing 
offshore platforms that, if made available for use, 
could permit sophisticated wind observations (such as 
SODAR or LIDAR profi ling) to be collected relatively 
inexpensively and quickly compared to other coastal 
areas which will need to fi rst build offshore platforms. 

•  Support additional utility transmission research: 
Another priority is more detailed evaluation of 
the existing electrical transmission facilities to 
accommodate large -scale offshore wind development. 
The North Carolina Transmission Planning Cooperative 
already exists and could be engaged at no cost to 
conduct such an evaluation for the central and southern 
portions of the coast to identify system upgrades 
needed for capacity development up to 1000 MW. In 
addition, NC investor-owned utilities could be asked to 
evaluate the costs for each to integrate large-scale wind 
energy into their generation dispatch.

•  Establish state policy toward utility-scale wind farm 
development: Other states have created incentives 
for developers to rapidly move toward installation of 
utility-scale wind farms. North Carolina should defi ne 
an approach to attract investment within the state.  

•   Leverage the expertise of the public universities:  
North Carolina has a robust university system, 
including highly-regarded research universities 
capable of leading research efforts and garnering grant 
support. 

REGULATORY RECOMMENDATIONS
Based on a review of existing state law, the following actions should be taken to promote wind energy in North Carolina:

Most Feasible Sites For Wind Energy Production

Exclusion areas (gray regions and blue lines) and potential offshore lease blocks (pink squares) overlaid on color-coded wind capacity factor (red=poor, yellow=marginal, green=good). Large sections of the coastal ocean off North 
Carolina appear favorable for future development. 

•  Enact comprehensive submerged lands leasing statute 
•  Enact a single comprehensive environmental permitting process 
•  Amend SL 2007-397 (SB3) to provide specifi c wind energy incentives
•  Modify the avoided cost calculation baseline for utility cost recovery
•  Allocate a modest amount of ARRA money for further analysis

•  Amend the CRC’s Coastal Energy Policies 
•  Amend CRC rules impeding use of state waters for wind energy.
•  Encourage the NC congressional delegation to support extension of the Production Tax Credit
•  Prepare for projects in federal waters. 

For further information regarding the Wind Study, contact 

Carolyn W. Elfl and
Associate Vice Chancellor for Campus Services

University of North Carolina at Chapel Hill
CWELFLAND@campus-services.unc.edu



WIND POWER
Wind energy is classifi ed from 1-7 as a way to simplify its interpretation, with class 
5 or greater winds needed to support utility-scale wind farms. Wind power class 
abruptly transitions from 1-2 over land to 4 or greater over water. Wind power class 6 
is common offshore and may reach class 7 in the vicinity of Cape Hatteras. Within the 
Sounds wind power class 5 is likely in eastern Pamlico Sound and less elsewhere. 

To quantify the power generation potential, the capacity factor (or percentage of 
maximum output achievable) for a typical 3.6 MW wind turbine is estimated using 
measured winds. Estimated capacity factors are above 30% for eastern Pamlico Sound 
and for most of the offshore region. Capacity factors above 40% are likely on the 
continental shelf between central Onslow Bay and The Point in water depths of 30 m 
and greater and over portions of Cape Lookout and Diamond Shoals.

ECOLOGICAL RISKS AND SYNERGIES
Wind turbines over water may impact birds and bats, marine mammals, sea turtles, 
fi sh, and the bottom-dwelling invertebrates. Potential environmental synergies include 
establishing oyster reefs in saline sounds, creating rocky hard-bottom reefs in the 
coastal ocean, facilitating offshore mariculture, and enhancing local upwelling. Several 
large coastal areas offshore in federal waters were identifi ed as being of lower risk to 
birds, bats, butterfl ies, and marine life. 

CONFLICTS AFFECTING SITE SELECTION
Military use, traditional navigation corridors like inlets and marked channels, ocean 
shipping lanes, commercial fi shing areas, and the presence of radar installations make 
large areas of the Pamlico Sound and some regions of the coastal ocean incompatible 
with the establishment of wind farms. Heavily fi shed areas where bottom dredging 
or trawling is practiced, existing oyster reef sanctuaries, and existing live-bottom 
reef habitats also are incompatible. Seagrass beds represent an important estuarine 
habitat to be avoided. Shipwrecks have historic cultural value and are popular dive sites 
important to the coastal economy. Areas that contain extensive beach-quality sand for 
future beach nourishment projects and historical military ordinance dumping areas also 
should be avoided.

FOUNDATION SYSTEMS
Foundation systems include monopiles and gravity based systems. Monopiles are 
suited to unconsolidated sediment conditions, and also can be used in softer partially 
consolidated sediments and in soft subsubstrates with numerous harder, rocky 
interbeds if a drive-drill-drive approach is used throughout. Gravity based structures are 
used where the seafl oor consists of rock too hard for piled foundations. 

GEOLOGIC FRAMEWORK
The North Carolina coastal system has a complex geologic framework with major 
differences occurring between inshore and offshore segments as well as between the 
north and south continental shelf components. The offshore continental shelf was 
analyzed in 3 segments: south of Cape Lookout including Onslow and Long Bays, 
Raleigh Bay between Cape Lookout and Cape Hatteras, and Hatteras Bay north of Cape 
Hatteras. The inshore estuarine water bodies of northeastern North Carolina were 
analyzed separately. Areas suitable for turbine foundations are shown in green.

UTILITY TRANSMISSION INFRASTRUCTURE
The Dominion North Carolina Power transmission system on the northern coast is not 
designed to accommodate signifi cant offshore wind without a system upgrade. The 
North Carolina Electric Membership Cooperatives do not own signifi cant infrastructure. 
Progress Energy Carolinas’ transmission could accommodate up to 250 MW of 
offshore wind energy generation at certain locations without major upgrades. The 
economics are signifi cantly impacted by the distance required to reach the transmission 
grid from the offshore wind location. 

 UTILITY-RELATED STATUTORY AND 
REGULATORY BARRIERS
There are few outright utility-related regulatory barriers but the regulatory incentives for 
wind energy are not as great as for other forms of alternative energy, resulting in solar 
energy being pursued more aggressively by the public utilities in spite of its greater 
cost. Three possibilities for increasing incentives for wind power development are 
(1) including the cost of externalities (CO2 related costs) in the avoided cost calculation 
used for determining the baseline for cost recovery, (2) raising the cost caps applicable 
to meeting the North Carolina Renewable Energy Portfolio Standard, and (3) extending 
the federal Production Tax Credit beyond 2009. Actions to enhance prospects for 
independent power producers include ensuring the effi cient access to markets begun 
by the Public Utility Regulatory Policies Act (PURPA) of 1978 continues.
 

LEGAL FRAMEWORK, ISSUES, AND POLICY CONCERNS
Existing North Carolina law presents signifi cant legal and regulatory barriers to permitting 
wind energy development in State coastal waters. Certain State regulations currently 
impede or prohibit wind energy projects in State sounds, and there is uncertainty as 
to the jurisdictional authority over any permitting process. An outline of regulatory 
recommendations is included in this brochure. The federal government now has a 
regulatory framework in place to lease federal submerged lands on the Outer Continental 
Shelf (OCS) for renewable energy projects. Therefore, North Carolina needs to prepare 
itself in the event federal OCS lands are leased for wind energy development in a location 
that may impact its coast. In addition, there is a complex suite of federal laws that would 
apply to wind energy projects and federal permits that would need to be obtained.

 
CARBON REDUCTION
Two scenarios were used to estimate carbon reduction potential. The fi rst, a small 
inshore farm with 30 3.6 MW turbines and a capacity factor of 35%, would generate 
about 330,000 megawatt hours of electricity per year and offset between 170,000 and 
270,000 metric tons of carbon dioxide equivalents (MTCDE). Over a 20 year lifetime, 
this reduction would be the equivalent of taking 550,000 vehicles off the road or 
offsetting the combustion of 16,000 rail cars of coal. The second, a large offshore farm 
with 450 3.6 MW turbines with a 40% capacity factor, would generate about 5.7 million 
megawatt hours of electricity per year, offsetting between 3 and 5 million MTCDE at 
inception, and more than 50 million MTCDE over the project’s lifetime, the equivalent of 
displacing 9 million cars or the yearly emissions from 11 coal-fi red power plants. 

 

ECONOMICS
A preliminary economic screening analysis was performed on two sample project 
scenarios, one inshore with 30 turbines and 108 MW of installed capacity and 
one offshore with 450 turbines and 1,620 MW installed capacity. Levelized cost of 
generation (LCOG) is used as the measure of economic performance. LCOG is that 
constant price per MWh of generation in nominal dollars that results in the recovery 
of all project costs including after tax cost of equity. The pricing/delivery point is 
assumed to be the busbar, i.e. it excludes transmission and distribution costs beyond 
the point of interconnection. The offshore scenario offers slightly better economic 
performance with an estimated LCOG of $101 per MWh versus $106 per MWh for 
the inshore scenario. It is noteworthy that the inshore project offers a lower LCOG by 
about $6 per MWh if the capital structure of the two scenarios is the same. See the 
following fi gures for comparisons with other sources of energy generation.

SYNTHESIS
Each team described the opportunities and constraints for coastal wind energy 
development. Information from the individual groups was integrated into a geographic 
information system. In synthesizing the data, emphasis was placed on identifying 
severe constraints likely to preclude any wind energy development. Areas identifi ed 
as no-build (e.g. too shallow, reserved for use by the military) and areas identifi ed 
as having high ecological impact or low suitability for foundation construction were 
eliminated. We opted to equally weight each constraint and assume an equal degree 
of certainty to their extents. This method provides a conservative and introductory 
look at what areas remain viable for wind power development. Our analysis found 
that a limited portion of State waters, restricted to the eastern half of Pamlico Sound, 
appears feasible for further study. Large areas offshore are potentially well-suited 
for wind energy development. There are more than 2800 square miles of potential 
development area in waters less than 50 m deep and within 50 miles of the coastline. 
Raleigh and Onslow Bay appear to have the most promising wind resource, with 
capacity factors exceeding 40% in water depths greater than 30 m. Winds over the 
shelf north of Cape Hatteras do not appear as favorable as those to the south but it 
is important to note that there are no direct measurements of winds on the northern 
shelf in water depths less than 45 m. The map below shows the federal MMS lease 
blocks that do not intersect with any constraint overlain on the wind capacity factor. 
There are 190 lease blocks with wind power capacity estimated in excess of 35%. 

RECOMMENDATIONS
North Carolina is well positioned to develop utility scale wind energy production 
and should pursue it aggressively. Other states on the eastern seaboard are farther 
along in the development process but swift action would permit North Carolina to 
be competitive. A pilot project conducted in inshore waters employing utility-scale 
turbines would place the State in a leadership position if it can be initiated quickly. A 
pilot program using offshore wind turbines would be the fi rst of its kind in the country 
and would be vital to answering a number of questions related to operations and 
maintenance, environmental impacts, and compatibility with existing infrastructure. 
Action on state regulatory matters to ensure a clear permitting process is needed 
to remove potential barriers to informed development, both for the pilot project and 
for larger scale wind farms. To clarify exactly where utility-scale installations should 
be sited, continued refi nement of the mapping of the wind resource, including an 
economic analysis, and further investigation of the transmission capacity and build-
out potential are needed.

Utility 
Interconnec-
tion and 
Transmission 
Infrastructure

Monopile foundation with transition piece and 
scour protection. Flange height above sea level 
approximately 20 meters.

Open gravity-based structure without ballast and 
at water depth of approximately 20 meters. The 
design shown includes an ice defl ection cone.

Geologic 
evaluation 
for potential 
wind turbine 
placement in 
the Albemarle-
Pamlico 
estuarine 
system and on 
the continental 
shelf.

Wind classes 
based on AWS 
Truewind 
at 30m and 
observed and 
extrapolated 
measurements.

The estimated 
spatial 
distribution of 
capacity factor 
for a typical 
3-3.6 MW 
wind turbine.

Likely risk 
for negative 
interactions 
between wind 
turbines and 
aerial fauna. 
Areas colored 
red have high 
risk while 
areas colored 
yellow have 
moderate risk 
of negative 
interactions.

 Likely risk 
of confl ict 
between wind 
turbines and 
fi sh habitats 
or fi shery 
activities. 
Areas 
receiving 
red, yellow, 
and green 
designations 
have high, 
moderate, 
and low risks, 
respectively.

Military use 
confl icts with 
wind turbine 
installations. 
Areas or 
corridors 
designated in 
any shade of red 
or enclosed by 
the radar vector 
circles represent 
locations where 
tall structures 
and wind farm 
installations 
would be 
incompatible with 
military activities. 

Wind Energy 
Jurisdictions 
(Original map 
courtesy 
of the NC 
Solar Center, 
modifi ed 
by Joseph 
K. Kalo, 
NC Coastal 
Resources 
Law, Planning 
and Policy 
Center)

Carbon 
Savings from 
the Offshore 
Wind Scenario

Source: “Analysis of Renewable Energy Potential in South Carolina, Renewable Resource Potential – 
Final Report”, Prepared for: Central Electric Power Cooperative Inc, September 12, 2007, by GDS As-
sociates, Inc. and LaCapra Associates, Inc.. The relatively high cost attributed to offshore wind results 
largely from a lower capacity factor (30 to 35%) and a fi nancial structure that does not fully capture 
tax incentives that are currently available.

Carbon 
Savings from 
the Inshore 
Wind Scenario

Source: “Renewable Energy Transmission Initiative Phase 1A DRAFT REPORT”, March 2008 prepared by 
Black & Veatch Corporation. The relatively high cost attributed to offshore wind results largely from an 
assumed capital cost of $5,000 to $6,000 per kW (2008$).


