
MODELING ECONOMICS OF OFFSHORE WIND 

IN THE SOUTHEASTERN UNITED STATES 

 

 

By 

 

 

Morgan Browning 

Eric Burton 

Tasfia Nayem 

Yuejiao Wan 

 

 

Dr. Lori Bennear, Advisor 

 

 

April 26, 2019 

 

 

 

Master’s project submitted in partial fulfillment of the requirements for the Master of 
Environmental Management degree in the Nicholas School of the Environment of Duke University. 

 

 

 

 



2 

Executive Summary ........................................................................................................................ 5	
1. Offshore wind landscape ............................................................................................................. 6	

1.1	 Offshore wind overview .................................................................................................. 6	
What is offshore wind? ........................................................................................................... 6	
History of terrestrial wind in the U.S. ..................................................................................... 6	
Installation process .................................................................................................................. 7	
Distance from shore ................................................................................................................ 8	
Depth of water ......................................................................................................................... 8	
Floating turbines ...................................................................................................................... 9	

1.2	 Advantages and disadvantages of offshore wind .......................................................... 10	
Benefits of renewables .......................................................................................................... 10	
Current benefits of offshore wind ......................................................................................... 10	
Potential benefits of offshore wind ....................................................................................... 14	
Challenges with offshore wind .............................................................................................. 15	

1.3	 Offshore wind globally .................................................................................................. 17	
Current status ......................................................................................................................... 17	
Costs ...................................................................................................................................... 18	
Future projections .................................................................................................................. 19	

1.4	 Offshore wind in the U.S. .............................................................................................. 20	
Current status: Block Island Deepwater ................................................................................ 20	
Resource potential ................................................................................................................. 20	
Future cost projections .......................................................................................................... 23	

2. Policies to Build Offshore Wind in the U.S. ............................................................................. 24	
2.1 Policy Impacts on Offshore Wind Adoption ....................................................................... 24	

Carbon Pricing ....................................................................................................................... 24	
Renewable Portfolio Standards ............................................................................................. 25	

2.2 Policy incentives for offshore wind in the northeast U.S. ................................................... 25	
2.3 Policy incentives for offshore wind in Virginia .................................................................. 26	

Wind potential ....................................................................................................................... 26	
Renewable energy portfolio .................................................................................................. 27	
State activity .......................................................................................................................... 27	
Private sector activity ............................................................................................................ 27	
Demonstration project ........................................................................................................... 28	

2.4 Policy incentives for offshore wind in North Carolina ....................................................... 28	



3 

Wind potential ....................................................................................................................... 28	
Renewable energy portfolio .................................................................................................. 28	
State activity .......................................................................................................................... 29	
Kitty Hawk, North Carolina offshore lease ........................................................................... 29	

2.5 Policy incentives for offshore wind in South Carolina ....................................................... 30	
Wind potential ....................................................................................................................... 30	
State activity .......................................................................................................................... 30	
Current status ......................................................................................................................... 31	

3. Model Methods ......................................................................................................................... 32	
3.1 Objective ............................................................................................................................. 32	
3.2 Model .................................................................................................................................. 32	
3.3 Limitations .......................................................................................................................... 33	
3.4 Offshore Wind Cost Scenarios ............................................................................................ 33	
3.5 Carbon Pricing Scenarios .................................................................................................... 35	
3.6 Offshore Mandate ................................................................................................................ 35	

4. Model Results and Analysis ...................................................................................................... 36	
4.1 Scenarios ............................................................................................................................. 36	
4.2 Analysis Methods ................................................................................................................ 36	
4.3 Capacity ............................................................................................................................... 36	

Objectives .......................................................................................................................... 36	
Resources .......................................................................................................................... 37	
2040 Capacity Summary ................................................................................................... 37	
Resource Trends ................................................................................................................ 39	
Offshore Wind ................................................................................................................... 41	

4.4 Electricity Prices ................................................................................................................. 42	
Objectives .......................................................................................................................... 42	
Results ............................................................................................................................... 43	

5. Public perception of offshore wind ........................................................................................... 45	
5.1 Public Opposition in the U.S. .............................................................................................. 45	

Cape Wind, Massachusetts .................................................................................................... 45	
Block Island, Rhode Island ................................................................................................... 46	
South Fork Wind Farm, New York ....................................................................................... 46	

5.2 Public Opposition in Europe ............................................................................................... 47	
5.3 Stakeholder Analysis ........................................................................................................... 48	



4 

Commercial Fishing Industry ................................................................................................ 50	
Environmental Groups .......................................................................................................... 51	
Homeowners .......................................................................................................................... 52	

5.4 Perception Bias: Social and Individual Gaps ...................................................................... 52	
5.5 Recommendations and Next Steps ...................................................................................... 55	

6. Conclusions ............................................................................................................................... 56	
 
  



5 

Executive Summary 
This study analyzes the future deployment of offshore wind in the southeastern U.S. states of North 
Carolina, South Carolina, and Virginia. There has been a flurry of recent activity surrounding this 
topic. State governments have shown interest in developing policy to attract offshore wind to their 
shores, and an offshore wind developer has already purchased the rights to build a farm off the 
coast of North Carolina. At the early stages of a potentially significant trend like this, it is important 
to examine what could occur under different scenarios. 

Our research aims to inform the conversation on offshore wind by addressing three main sets of 
questions on the future of offshore wind in the southeastern U.S.: 

1. What is the landscape of offshore wind in the U.S.?  
2. How much offshore wind will be developed in the Southeast in the coming decades? What 

policies could have the greatest impact?  
3. What is public opinion on offshore wind in the Southeast?  

To perform each of our three analyses, we employed literature and policy reviews, energy 
forecasting and modeling, and expert interviews and survey reviews, respectively. Our exploration 
of the first question revealed that state-level policy-makers, particularly in the northeast, are 
aggressively pursuing and considering policies to accelerate offshore wind deployment in their 
states. In the Southeast, Virginia is leading the charge, driven by the green jobs potential associated 
with the offshore wind. State leaders in Virginia are convening task forces to explore 
manufacturing potential; incorporating offshore wind into its renewable energy portfolio goals; 
and demonstrating the potential of the industry with the first offshore wind initiative in the mid-
Atlantic. 

To address our second set of questions, we conducted an energy analysis using the AURORA 
modeling software over a study period of 2018–2040. Various policy scenarios were modeled, 
including multiple carbon prices and an offshore mandate. In addition, we coupled each policy 
scenario with both high-cost and low-cost price scenarios for offshore wind technology. Model 
results reveal two key conclusions. The first is that the cost of offshore wind technology will be 
crucial in determining the level of deployment. Model runs at the higher cost scenario did not show 
any offshore capacity unless the model was forced to build it with a mandate. Of the selected policy 
scenarios, the offshore mandate was the most effective. With high costs, it was the only modeled 
scenario in which any capacity was added, and under low costs, it produced the highest level of 
capacity of any scenario. 

A separate stakeholder analysis was performed to address our third research question. We 
examined how different groups in the region may react to and impact offshore wind deployment. 
As the scale of the offshore wind expands in the future in U.S., there is an emerging trend that 
more opposition will come from minority groups such as local commercial fishermen. However, 
overall, the majority of the general public supports offshore wind development.  

In summary, our analysis finds that costs and policy options should not be considered in isolation. 
The development cost for offshore wind is the key factor in determining whether capacity is built; 
therefore, it is imperative that offshore wind policies specifically aim to lower the upfront capital 
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investments required. Additional consideration must be given to stakeholder concerns. The 
termination of previously approved wind farms, due in part to public opinion, have demonstrated 
the importance of stakeholder management. Communication with interested parties must begin 
early in the development process and should be supported with objective evaluation and 
monitoring of existing projects. 

1. Offshore wind landscape 

1.1  Offshore wind overview 
In this section, we will provide an overview of offshore wind. Because offshore wind turbines 
generally function in the same way as turbines terrestrially, we will explore the history of terrestrial 
wind as it relates to the development of the offshore wind industry. However, key differences, 
primarily in the installation process and transmission planning, exist between the two technologies, 
as we will explore in the following sections. This section concludes with a discussion of how 
offshore wind costs can be highly variable, depending on distance from shore and depth of water. 

What is offshore wind? 
Humans have long known of the power of ocean winds. These strong, consistent winds have been 
used for millennia to propel boats and were critical to the establishment of some of our earliest 
civilizations.1 However, it was not until 1991 that this powerful ocean resource was first used for 
commercial-scale electricity generation.2 Vindeby, the first offshore wind farm in the world, was 
comprised of eleven 450 kilowatt (kW) turbines off the coast of Denmark.3 Since that time, 
offshore wind energy has seen a meteoric rise as a commercial-scale energy resource, mostly in 
Europe.4 In the U.K., for example, in the time since the first farm was installed in 2000,5 offshore 
wind has grown to now comprise approximately 8% of total energy generation.6 

History of terrestrial wind in the U.S. 
Offshore wind development in the U.S. builds off of that of terrestrial wind. Therefore, the history 
of offshore wind domestically can be traced back to the 1980s, when terrestrial wind turbines were 
first installed in the U.S.7 At this time, turbines were deployed in California in response to energy 
security concerns. However, into the 1990s, the contribution of wind to the U.S. electricity mix 

                                                
1 Office of Energy Efficiency & Renewable Energy. (n.d.). History of U.S. Wind Energy. Retrieved from 
https://www.energy.gov/eere/wind/history-us-wind-energy  
2 Bureau of Ocean Energy Management. (n.d.). Renewable Energy on the Outer Continental Shelf. Retrieved from 
https://www.boem.gov/Offshore-Wind-Energy/  
3 WindEurope. History of Europe's wind industry. Retrieved from https://windeurope.org/about-wind/history/?category=market  
4 Bureau of Ocean Energy Management. (n.d.). Renewable Energy on the Outer Continental Shelf. Retrieved from 
https://www.boem.gov/Offshore-Wind-Energy/  
5 Hill, J. S. (2019, March 14). UK’s First Offshore Wind Farm to Finally Be Decommissioned. Retrieved from 
https://cleantechnica.com/2019/03/14/uks-first-offshore-wind-farm-to-finally-be-decommissioned/  
6 Institute for Energy Economics and Financial Analysis. (2019, March 29). Offshore wind supplied 8% of U.K. electricity in 
2018. Retrieved from http://ieefa.org/offshore-wind-supplied-8-of-u-k-electricity-in-2018/ 
7 U.S. Energy Information Administration. (2019, April 4). Wind Explained: History of Wind Power. Retrieved from 
https://www.eia.gov/energyexplained/index.php?page=wind_history  
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remained well below 1% (Fig. 1).8 It was not until the 1990s and 2000s that this contribution began 
to increase, due in large part to the federal Production Tax Credit, which subsidizes the cost of 
producing renewable energy.9 Wind capacity increased rapidly during the 2000s and 2010s, and 
now comprises nearly 7% of the U.S. electricity mix. 

 

Figure 1. U.S. terrestrial wind generation over time.  
Source: U.S. Energy Information Agency (2019).10 

Installation process 
The mechanics of and resources used in offshore wind farms are the same as those onshore, but 
three main steps differentiate the two in the installation process of the turbine. 11  First, the 
components of the wind farm must be assembled at docks with large construction equipment. Then, 

                                                
8 U.S. Energy Information Administration. (2019, April 4). Wind Explained: History of Wind Power. Retrieved from 
https://www.eia.gov/energyexplained/index.php?page=wind_history  
9 U.S. Energy Information Administration. (2019, April 4). Wind Explained: History of Wind Power. Retrieved from 
https://www.eia.gov/energyexplained/index.php?page=wind_history  
10 U.S. Energy Information Administration. (2019, March). Wind Explained: Electricity Generation from Wind-Basics. Retrieved 
from https://www.eia.gov/energyexplained/print.php?page=wind_electricity_generation  
11 BBC News Science & Environment. (2011, August 15). Three steps to build a wind farm: Towers in the sea. Retrieved from 
https://www.bbc.co.uk/news/science-environment-14474677  
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a sea jack transports the turbine out to sea. Finally, the towers are installed at sea. Once the turbines 
are installed, the electricity produced must be brought to shore to be used. Therefore, transmission 
cables and grid interconnection must be included in the installation planning process.  

These steps can require significant resources and add substantial costs to the offshore wind 
development process. The Ormonde Wind Farm, a 30-turbine farm of five megawatts (MWs) each 
off the coast of the U.K., exemplifies the level of additional resources required of an offshore wind 
farm.12  Installation of the farm required 350 people working 15 months solely to build the 
foundations and 50 people working five months to build the substation. Loading and delivery of 
the wind turbine generator required 60 people working five months, while installation of it required 
another 40 people working five months. The export and array cables required another 200,000 
hours of work, and none of these values include labor used for project management and support. 

Generally, however, installation challenges and costs for offshore wind installation can be highly 
variable depending on the distance from shore and depth of the water. 

Distance from shore 
According to the International Association for Energy Economics, the costs to build offshore wind 
farms closer to shore “are expected to be lower due to fewer costs of connection, foundation, and 
to some extent, operation and maintenance.”13 In Denmark, for example, reducing an offshore 
wind turbine’s distance from shore from 25 km to 5 km reduces costs by 4%.14 However, as we 
will explore further, the wind potential nearshore tends to be lower, resulting in potentially lower 
energy generation.15 Development close to shore is also likely to face more public opposition from 
coastal residents due to perceived aesthetic impacts.16 

Depth of water 
Nearly all of the offshore wind turbines installed to date globally have had foundations fixed to 
the continental shelf. Given the logistical challenges of rooting these fixed-foundation turbines to 
the seabed, building turbines in deeper waters have historically been more expensive. Studies 
found that the cost differential is greater between shallow-water and deep-water offshore wind 
energy than between nearshore and far offshore wind energy.17 In fact, in Denmark, reducing water 
depth from 30 meters to 10 meters reduced offshore wind costs by nearly 15%.18 Because of these 

                                                
12 BBC News Science & Environment. (2011, August 15). Three steps to build a wind farm. Retrieved from 
https://www.bbc.co.uk/news/science-environment-14412189 
13Jacobsen, H. K., Koch, P. A. H., & Wolter, C. (2016). Nearshore Versus Offshore: Comparative Cost and Competitive 
Advantages. In IAEE Energy Forum (No. Bergen Special 2016, pp. 17-19). 
14 Jacobsen, H. K., Koch, P. A. H., & Wolter, C. (2016). Nearshore Versus Offshore: Comparative Cost and Competitive 
Advantages. In IAEE Energy Forum (No. Bergen Special 2016, pp. 17-19). 
15Jacobsen, H. K., Koch, P. A. H., & Wolter, C. (2016). Nearshore Versus Offshore: Comparative Cost and Competitive 
Advantages. In IAEE Energy Forum (No. Bergen Special 2016, pp. 17-19). 
16 Jacobsen, H. K., Koch, P. A. H., & Wolter, C. (2016). Nearshore Versus Offshore: Comparative Cost and Competitive 
Advantages. In IAEE Energy Forum (No. Bergen Special 2016, pp. 17-19). 
17 Jacobsen, H. K., Koch, P. A. H., & Wolter, C. (2016). Nearshore Versus Offshore: Comparative Cost and Competitive 
Advantages. In IAEE Energy Forum (No. Bergen Special 2016, pp. 17-19). 
18 Jacobsen, H. K., Koch, P. A. H., & Wolter, C. (2016). Nearshore Versus Offshore: Comparative Cost and Competitive 
Advantages. In IAEE Energy Forum (No. Bergen Special 2016, pp. 17-19). 
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challenges with fixed-foundation offshore wind, the development of these turbines has generally 
been constrained to a water depth of less than 50 meters deep.19  

Floating turbines 
Recent advances in floating turbine technology may be a “gamechanger,” according to the 
International Renewable Energy Agency.20 Figure 2 depicts the types of floating wind turbines we 
may see more of in the coming years.  

Potential advantages of floating turbines include: it can be installed regardless of seabed conditions; 
it reduces the water depth restriction associated with fixed-foundation turbines; it could potentially 
ease installation and make installation strategies more flexible; and it could reduce the 
environmental and noise impacts of installation. 21  Hywind Scotland, the world’s pioneering 
floating offshore wind farm, has seen recent success. From November 2017 through January 2018, 
it achieved a 65% capacity factor, well above the average U.S. terrestrial wind capacity factor of 
37% and natural gas capacity factor of 55%.22  

 

Figure 2. Depiction of floating wind turbine concepts.  
Source: National Renewable Energy Laboratory (2017).23 

                                                
19 International Renewable Energy Agency. (2016). Floating Foundations: A Game Changer for Offshore Wind Power. 
Retrieved from https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2016/IRENA_Offshore_Wind_Floating_Foundations_2016.pdf 
20 International Renewable Energy Agency. (2016). Floating Foundations: A Game Changer for Offshore Wind Power. 
Retrieved from https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2016/IRENA_Offshore_Wind_Floating_Foundations_2016.pdf  
21 BLIX Consultancy BV. (2019). Floating Wind, time for a breakthrough? Retrieved from https://blix-
bv.com/newsitem/offshore-floating-wind-time-for-a-breakthrough  
22 Klippenstein, M. (2018, March 1). World’s First Floating Offshore Wind Farm Achieves 65% Capacity Factor after 3 Months. 
Retrieved from https://www.greentechmedia.com/articles/read/worlds-first-floating-offshore-wind-farm-65-capacity-factor  
23 National Renewable Energy Laboratory. (2017, August 14). NREL Market Report Finds U.S. Offshore Wind Industry Poised 
for Multigigawatt Surge. Retrieved from https://www.nrel.gov/news/program/2017/nrel-market-report-finds-us-offshore-wind-
industry-poised-multigigawatt-surge.html  
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1.2  Advantages and disadvantages of offshore wind 
Offshore wind energy comes with a host of benefits and costs involving infrastructure, 
environmental, and economic considerations. The benefits of offshore wind can be divided into 
three main categories: advantages of renewable energy in general, current advantages of offshore 
wind, and potential future advantages of offshore wind. In this section, we explore each of these 
three categories, as well as the disadvantages associated with offshore wind.  

Benefits of renewables 
Environmental and health benefits: Offshore wind farms provide renewable energy, do not 
consume water, provide a domestic energy source, and do not emit greenhouse gases or 
environmental pollutants.24  

Reduced operational costs: Compared to fossil fuel plants, which require the continuous purchase 
of fuels to generate electricity, using wind as a resource does not incur fuel costs. This results in 
low marginal costs over its lifetime of 25 years post-installation.25  

Green jobs: Offshore wind provides an opportunity for a new sector of jobs to be created. A study 
co-authored by New York, Massachusetts, Rhode Island, and the Clean Energy States Alliance 
found that installing eight gigawatts (GW) of offshore wind in the northeastern U.S. will create 
over 16,000 full-time jobs in the U.S. by 2028, mostly in the fields of project development and 
management, supply and installation of electrical substations and subsea cables, and wind farm 
operation and maintenance.26 Including jobs that have at least a medium probability of being 
created, this number rises to over 36,000 full-time U.S. jobs in the offshore wind sector between 
2026 and 2028.27 In comparison, the oil and natural gas sector, which comprises the largest share 
of the U.S. energy mix, is expected to employ approximately 50,000 people in 2026.28  

Current benefits of offshore wind 
Massive generation potential: Figure 3 depicts offshore and terrestrial wind speeds in the U.S., 
which are directly related to its potential as an energy resource. Current potential for offshore wind 
energy domestically is greater than the nation’s current energy consumption. According to the 
American Wind Energy Association, U.S. shores “possess a power potential of more than 4,000 
GW, over four times the generating capacity of the current U.S. electrical system.”29 However, 
offshore wind has largely been untapped in the U.S.  

                                                
24 Woodford, C. (2018, May 18). Wind turbines. Retrieved from https://www.explainthatstuff.com/windturbines.html  
25 Woodford, C. (2018, May 18). Wind turbines. Retrieved from https://www.explainthatstuff.com/windturbines.html 
26 BVG Associates Limited. (2017, November 2). U.S. Job Creation in Offshore Wind. Retrieved from 
https://www.northeastwindcenter.org/resources/us-job-creation-in-offshore-wind/  
27 BVG Associates Limited. (2017, November 2). U.S. Job Creation in Offshore Wind. Retrieved from 
https://www.northeastwindcenter.org/resources/us-job-creation-in-offshore-wind/  
28 Anderson. J. (2017, October 26). BLS Expects Oil and Gas Industry to Drive Us Job Growth. Retrieved from 
https://www.energyindepth.org/bls-expects-oil-and-gas-industry-to-drive-us-job-growth/  
29 American Wind Energy Association. (n.d.). Offshore Wind: America’s New Ocean Energy Resource. Retrieved from 
https://www.awea.org/policy-and-issues/u-s-offshore-wind  
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Figure 3. Terrestrial and offshore wind potential in the U.S.  
Source: National Renewable Energy Laboratory (2013).30 

 

Faster wind speeds: For wind turbines generally (both terrestrial and offshore), faster wind speeds 
substantially increase electricity generation.31 Offshore wind speeds are also often faster than 
speeds on land. For example, in South Carolina, annual average terrestrial wind speeds are in the 
5.0 m/s range, while annual average offshore wind speeds can be 7.5 to 8.5 m/s.32 This difference 
in wind speed can have a non-linear impact, as the potential energy produced from wind is directly 
proportional to the cube of the wind speed. Therefore, if the wind blows twice as quickly, there's 
potentially eight times more energy available for the turbine to capture.33 Even small increases in 
wind speed can multiplicatively increase energy production: a turbine in a 15-mph wind can 
generate up to twice as much energy as a turbine in a 12-mph wind.34  

                                                
30 National Renewable Energy Laboratory. (2013, September 19). Wind Maps. Retrieved from 
https://www.nrel.gov/gis/wind.html  
31 Woodford, C. (2018, May 18). Wind turbines. Retrieved from https://www.explainthatstuff.com/windturbines.html  
32 National Renewable Energy Laboratory. (2013, September 19). Wind Maps: U.S. 100-m Wind Speed. Retrieved from 
https://www.boem.gov/uploadedImages/land%20based.jpg  
33 Woodford, C. (2018, May 18). Wind turbines. Retrieved from https://www.explainthatstuff.com/windturbines.html  
34 American Geosciences Institute. (n.d.). What are the advantages and disadvantages of offshore wind farms? Retrieved from 
https://www.americangeosciences.org/critical-issues/faq/what-are-advantages-and-disadvantages-offshore-wind-farms  
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More consistent wind speeds: In addition to speed, consistency is another key factor to consider. 
Offshore wind speeds are steadier than those on land, providing a more reliable and predictable 
source of energy.35 As turbines are optimized at specific speeds, consistent winds can maximize 
the energy generated.36 Additionally, wind direction changes less frequently offshore.37 Offshore 
wind farms can maximize energy generation with strategic orientation towards the predominant 
wind direction. 

Bigger blades and larger turbines: In addition to faster winds, longer blades also increase 
electricity generation. The larger the swept area of the blades, the more wind that is harvested, 
increasing the capacity of the turbine.38 Offshore wind turbines are often larger than terrestrial 
turbines, resulting in greater electricity generation.  

Taller turbines: At greater heights, offshore wind turbines can take advantage of faster and less 
turbulent wind.39 It is difficult to build terrestrial wind to the same heights due to limitations placed 
by the Federal Aviation Administration to mitigate interference with aviation.40 Therefore, in the 
U.S., the median terrestrial wind turbine height (499 feet) approaches the maximum allowable 
heights for most areas.41 However, as described by Vox journalist David Roberts, “out in the ocean, 
with land barely in sight, the only limitation on size is engineering.”42 Additionally, offshore 
turbines today are increasing in height at even faster rates than those of terrestrial turbines over the 
past decade.43 Turbines in the Block Island offshore wind project, for example, are 590 feet tall, 
124 feet taller than the average terrestrial wind turbine. The recently announced GE Haliade-X 
offshore turbine is a record 853 feet tall, nearly twice the height of the average terrestrial turbine 
and nearly three times the height of the Statue of Liberty, as depicted in Figure 4. 

                                                
35 Bureau of Ocean Energy Management. (n.d.) Renewable Energy on the Outer Continental Shelf. Retrieved from 
https://www.boem.gov/Renewable-Energy-Program-Overview/  
36 Roberts. H. (2016, April 6). Where the Wind Blows: Onshore vs. Offshore Wind Energy. Retrieved from 
http://futureofenergy.web.unc.edu/2016/04/06/where-the-wind-blows-onshore-vs-offshore-wind-energy/  
37 Roberts. H. (2016, April 6). Where the Wind Blows: Onshore vs. Offshore Wind Energy. Retrieved from 
http://futureofenergy.web.unc.edu/2016/04/06/where-the-wind-blows-onshore-vs-offshore-wind-energy/  
38 Woodford, C. (2018, May 18). Wind turbines. Retrieved from https://www.explainthatstuff.com/windturbines.html  
39 Woodford, C. (2018, May 18). Wind turbines. Retrieved from https://www.explainthatstuff.com/windturbines.html 
40 Roberts, D. (2018, October 23). These huge new wind turbines are a marvel. They’re also the future. Retrieved from  
https://www.vox.com/energy-and-environment/2018/3/8/17084158/wind-turbine-power-energy-blades  
41 Roberts, D. (2018, October 23). These huge new wind turbines are a marvel. They’re also the future. Retrieved from  
https://www.vox.com/energy-and-environment/2018/3/8/17084158/wind-turbine-power-energy-blades  
42 Roberts, D. (2018, October 23). These huge new wind turbines are a marvel. They’re also the future. Retrieved from  
https://www.vox.com/energy-and-environment/2018/3/8/17084158/wind-turbine-power-energy-blades  
43 Roberts, D. (2018, October 23). These huge new wind turbines are a marvel. They’re also the future. Retrieved from  
https://www.vox.com/energy-and-environment/2018/3/8/17084158/wind-turbine-power-energy-blades  
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Figure 4. Heights of average and key wind turbines in the U.S., compared with 
notable structures. Source: Vox (2018).44 

  

High local energy demand: Approximately 50% of the U.S. population lives in coastal areas, 
resulting in high energy needs along the coasts.45 With high concentrations of people in major 
coastal areas, offshore wind farms can meet those energy needs by harvesting a local energy 
resource. In contrast, the best terrestrial wind resources are in the central U.S., where 
approximately 15% percent of the population lives. Getting these wind resources to the end-users 
requires significant investment in transmission infrastructure. In Texas, for example, local utilities 
spent billions to build transmission lines from the low-density, high wind potential panhandle into 
more densely populated areas.46 These costs would be significantly higher if we were to transmit 
wind power from the central U.S. to the coasts. With offshore wind, a local energy resource can 
instead be harnessed to meet demand, reducing transmission challenges and needs. 

                                                
44 Roberts, D. (2018, October 23). These huge new wind turbines are a marvel. They’re also the future. Retrieved from  
https://www.vox.com/energy-and-environment/2018/3/8/17084158/wind-turbine-power-energy-blades  
45 National Oceanic and Atmospheric Administration. (2018, June 25). What percentage of the American population lives near 
the coast? Retrieved from https://oceanservice.noaa.gov/facts/population.html  
46 Trabish, H.K. (2014, June 25). Texas CREZ lines delivering grid benefits at $7B price tag. Retrieved from 
https://www.utilitydive.com/news/texas-crez-lines-delivering-grid-benefits-at-7b-price-tag/278834/  
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Economic growth: Offshore wind investments are expected to have multiplicative returns to the 
economy. According to Environmental Entrepreneurs, for every dollar invested in offshore wind 
in South Carolina, $1.60 is added in the state’s economy.47 In Virginia and North Carolina, this 
value rises to $1.73 and $1.80, respectively. 48  Gains to the economy largely result from 
construction-related jobs, operation jobs, and increased tourism, recreation, and commercial 
fishing opportunities from fewer oil spills. 

Predictable operation costs: Offshore wind energy costs are less susceptible to volatility than 
energy costs derived from fossil fuels. Conventional fossil power plants are heavily impacted by 
global oil and gas prices and the volatility of world energy markets.49 Offshore wind, on the other 
hand, is a renewable resource that incurs no variable fuel costs. Therefore, operating costs for wind 
and other renewables can be more accurately predicted years in advance. 

Potential benefits of offshore wind 
Installation logistics: According to the Department of Energy, offshore wind turbines “do not 
have the same transportation challenges of land-based wind installations, as the large components 
can be transported on ships instead of on roads.”50 While the costs are currently higher to install 
offshore wind, it may potentially be cheaper to transport and install the components in the future 
once supply chains are more robust. 

Competitive cost: Manufacturing, installing, and operating larger turbines, both on- and offshore, 
is more cost effective.51 While offshore wind is currently more expensive in the U.S., it is possible 
to achieve cost effective commercial-scale generation in the future as the industry matures. In parts 
of the U.K., for example, offshore wind is now competitive with coal, solar, and nuclear, even 
without subsidies.52  

Reduced aesthetic impacts: When built sufficiently far from shore, offshore wind turbines may 
not be visible from the land and therefore may not face the same challenges as terrestrial wind, 
which are perceived, at least by some, as aesthetically jarring. Although Block Island, the only 
wind farm in the U.S. currently, is nearshore, there have been leases for offshore wind areas that 
would be out of view from shore. For example, Figure 5 visualizes the aesthetic impacts of offshore 
wind turbines at the proposed Kitty Hawk leasing site. 

                                                
47 Environmental Entrepreneurs. (2018, August). Offshore Wind: Generating Economic Benefits on the East Coast. Retrieved 
from https://www.e2.org/wp-content/uploads/2018/08/E2-OCS-Report-Final-8.30.18.pdf  
48 Environmental Entrepreneurs. (2018, August). Offshore Wind: Generating Economic Benefits on the East Coast. Retrieved 
from https://www.e2.org/wp-content/uploads/2018/08/E2-OCS-Report-Final-8.30.18.pdf  
49 Woodford, C. (2018, May 18). Wind turbines. Retrieved from https://www.explainthatstuff.com/windturbines.html 
50 Office of Energy Efficiency & Renewable Energy (n.d.). How Do Wind Turbines Work? Retrieved from 
https://www.energy.gov/eere/wind/how-do-wind-turbines-work  
51 Office of Energy Efficiency & Renewable Energy (n.d.). How Do Wind Turbines Work? Retrieved from 
https://www.energy.gov/eere/wind/how-do-wind-turbines-work  
52 Fairley, P. (2017, Jun 26). For the First Time, Offshore Wind Power Will Be Profitable Without Subsidies. Retrieved from 
https://spectrum.ieee.org/green-tech/wind/for-the-first-time-wind-power-will-be-profitable-without-subsidies  
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Figure 5: Simulation of offshore wind turbines 20 nautical miles from shore in 
Ocracoke Beach, North Carolina. Source: T.J. Boyle Associates (2012).53 

 

Challenges with offshore wind 
Expensive upfront costs: Offshore wind can be expensive and difficult to build. The Institute for 
Energy Research estimates that “offshore wind is 2.6 times more expensive as onshore wind power 
and is 3.4 times more expensive than power produced by a natural gas combined cycle plant.”54 
Offshore wind costs are high due to the challenges associated with the installation of these 
structures in the water. The costs are exacerbated by the fact that the manufacturing and installation 
supply chains for offshore wind are all based out of Europe. However, the costs of building 
offshore wind have been falling dramatically in recent years, as depicted in Figure 6. While it is 
still more expensive than many other options, it is possible that continued falling costs will make 
offshore wind increasingly competitive in the future. The golden diamond in Figure 7 demonstrates 
how the levelized cost of electricity (LCOE) from offshore wind compares to other energy sources. 
As depicted in the Figure, the LCOE of offshore wind is already comparable to several traditional 
generation sources. 

                                                
53 T.J. Boyle Associates via Bureau of Ocean Energy Management. “Offshore North Carolina Visualization Study.” 2012. 
Retrieved from https://www.boem.gov/Renewable-Energy-Program/State-Activities/NC/Offshore-North-Carolina-Visualization-
Study.aspx  
54 Institute for Energy Research. (n.d.). Offshore Wind Energy: A Very, Very Expensive Electricity Source. Retrieved from  
https://www.instituteforenergyresearch.org/wp-content/uploads/2013/06/Offshore-Wind-Energy-DRS-4.pdf  
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Figure 6. Offshore wind capacity and price in the U.S.  

Source: America’s Power Plan (2018).55 

 
Figure 7. Unsubsidized LCOE for alternative and conventional energy 

sources. Golden diamond represents estimated implied midpoint of LCOE for 
offshore wind, assuming a capital cost range of $2.36–$4.50 per watt.  

Source: Lazard (2017).56 

                                                
55 O’Boyle, M. (2018, December 3). Offshore Wind Prices Have Fallen 75% Since 2014 – Here's How to De-Risk Projects Even 
Further. Retrieved from www.utilitydive.com/news/offshore-wind-prices-have-fallen-75-since-2014-heres-how-to-de-risk-
pro/543384/  
56 Lazard. (2017, November). Lazard’s Levelized Cost of Energy Analysis—Version 11.0. Retrieved from 
https://www.lazard.com/media/450337/lazard-levelized-cost-of-energy-version-110.pdf  
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Potential infrastructure damages: Wave action and high winds can damage turbines. Combined 
wind and wave loadings result in excessive vibrations on to offshore wind turbines, which reduce 
the turbines’ fatigue life.57 

Wildlife impacts: The effects of offshore wind farms on marine animals and birds are not yet 
sufficiently researched. Offshore wind infrastructures can cause immediate physical disturbance 
on the local habitats and create noise pollution.58 The mortality rate of birds and bats may increase 
from direct contact with turbine rotors.59 However, some studies on the active offshore wind sites 
in Europe show that offshore wind farms can create positive impacts to wildlife species by creating 
new habitats for them.60 

Volatile revenue stream: Changes in energy and renewable energy credit prices can affect the 
year-to-year revenue streams of offshore wind projects.61 However, offshore wind is not alone in 
facing these impacts. Energy prices affect all generators (e.g., thermal, natural gas, solar), while 
renewable energy prices affect all renewables. 

Public opinion: Obstruction of views from the coastline may be unpopular among local residents 
and may affect tourism, industry, and property values. See Section 4 “Public Opinion” for more 
information about the history, dynamics, and recent trends in public opinion of offshore wind 
domestically. 

1.3  Offshore wind globally 
Though offshore wind is new to the U.S., this technology is well-established in other regions of 
the world, with Europe leading the way. In this section, we briefly overview the current status of 
offshore wind internationally, as well as projections of costs in the sector in the future. 

Current status 
Europe has the largest share of offshore wind energy in the world. The first offshore wind farm 
was installed in 1991 in the waters of Denmark.62 Since then, the U.K. and Germany have each 
installed over 4 GW of capacity as of 2016.63 Denmark and the Netherlands also have over 1 GW 
of installed capacity. The only major player outside of Europe is China, with an installed capacity 
of 1.6 GW in 2016. In 2017, Europe collectively added over 3 GW of capacity, bringing the 
                                                
57 Sun, C., & Jahangiri, V. (2019). Fatigue damage mitigation of offshore wind turbines under real wind and wave 
conditions. Engineering Structures, 178, 472-483. Retrieved from 
https://www.sciencedirect.com/science/article/pii/S0141029618307703  
58 Veitch, A. (2018, November 16). Offshore Wind Energy is a Breeze: Environmental & Wildlife Impacts. Retrieved from 
http://chesapeakeclimate.org/blog/offshore-wind-energy-breeze-environmental-wildlife-impacts/ 
59 Peterson. C. H. (n.d.) Risks to Birds and Wildlife from Offshore Wind Farms: BOEMRE NC Task Force. Retrieved from 
https://www.boem.gov/Renewable-Energy-Program/State-Activities/RiskBirdsWildlifeOffshore.aspx 
60 Veitch, A. (2018, November 16). Offshore Wind Energy is a Breeze: Environmental & Wildlife Impacts. Retrieved from 
http://chesapeakeclimate.org/blog/offshore-wind-energy-breeze-environmental-wildlife-impacts/  
61 Mills, A. D., Millstein, D., Jeong, S., Lavin, L., Wiser, R., & Bolinger, M. (2018). Estimating the value of offshore wind along 
the United States’ Eastern Coast. Environmental Research Letters, 13(9), 094013. Retrieved from 
https://www.energy.gov/sites/prod/files/2018/04/f50/offshore_erl_lbnl_format_final.pdf  
62 Bureau of Ocean Energy Management. (n.d.). Renewable Energy on the Outer Continental Shelf. Retrieved from 
https://www.boem.gov/Offshore-Wind-Energy/ 
63 Global Wind Energy Council. (n.d.). Offshore Wind: Offshore Wind Power. Retrieved from  
http://gwec.net/global-figures/global-offshore/ 
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region’s total installed capacity to almost 16 GW.64 The annual capacity factors of these farms are 
variable, ranging from 29% to 48% in Europe in 2017. There is also considerable monthly 
variability, as one wind farm in Germany registered a 67.9% capacity factor in February of 2017.65 

Costs 
With economic and regulatory support, Europe currently has a mature supply chain and a high 
level of expertise in offshore wind, becoming a vanguard in offshore wind development. From 
2012 to 2017, the price of offshore wind has fallen 46% to an average of 13 cents per kilowatt-
hour (kWh). 66  A report from EY projects that LCOE could decrease to €90 per MWh 
(approximately 10 cents per kWh at the April 23, 2019 exchange rate of $1.12 to €1) by 2030 due 
to introduction of higher capacity turbines, greater competition between industrial actors, greater 
supply chain optimization and logistical integration, and increasing economies of scale.67 Figure 
8 depicts the decreasing LCOE as assessed by the report. The report also forecasted that in 2025, 
offshore wind in Germany would be as cost-competitive as terrestrial wind, as shown in Figure 9.  
 

 

Figure 8. Offshore wind capacity and LCOE in Europe.  
Source: Ernst & Young (2016).68 

                                                
64 Europe, W. (2018, February). Offshore Wind in Europe: Key Trends and Statistics 2017. Retrieved from 
windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Offshore-Statistics-2017.pdf 
65 Europe, W. (2018, February). Offshore Wind in Europe: Key Trends and Statistics 2017. Retrieved from 
windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Offshore-Statistics-2017.pdf 
66 Mckenna, P. (2017, May 1). Offshore Wind Lands in America. Retrieved from https://www.pbs.org/wgbh/nova/article/block-
island-wind/ 
67 Ernst & Young. (2015, March). Offshore Wind in Europe: Walking the tightrope to success. Retrieved from 
https://www.ewea.org/fileadmin/files/library/publications/reports/EY-Offshore-Wind-in-Europe.pdf 
68 Ernst & Young. (2015, March). Offshore Wind in Europe: Walking the tightrope to success. Retrieved from 
https://www.ewea.org/fileadmin/files/library/publications/reports/EY-Offshore-Wind-in-Europe.pdf 
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Figure 9. LCOE for offshore wind and other energy sources.  
Source: Ernst & Young (2016).69 

Future projections 
Globally, the U.K. is the largest offshore wind market, followed by Germany, China, Denmark, 
and the Netherlands.70 In 2016, the global offshore wind energy market is valued approximately 
$18.5 billion, and it is forecasted that the market will grow at a rate of more than 15% over the 
period 2018–2025. These projected increases are mainly due to government initiatives to reduce 
the carbon footprint of electricity generation, resulting in the increased need for renewable energy 
for power generation.71 Overall project costs will decrease as wind turbines continue to grow in 
capacity, hub height, and rotor diameter, and auction prices continue to fall. Moreover, researchers 
are evaluating floating substructure configurations to overcome the significant challenge of 
building offshore wind turbines in deep waters, where roughly 60% of the U.S. offshore wind 
resource lies.72  

                                                
69 Ernst & Young. (2015, March). Offshore Wind in Europe: Walking the tightrope to success. Retrieved from 
https://www.ewea.org/fileadmin/files/library/publications/reports/EY-Offshore-Wind-in-Europe.pdf 
70 Office of Energy Efficiency & Renewable Energy. (2018, September). 2017 Offshore Wind Technologies Market Update. 
Retrieved from https://www.energy.gov/sites/prod/files/2018/09/f55/71709_V4.pdf 
71 MarketWatch. (2018, September 7). Global Offshore Wind Energy Market 2018 Size, Trends, Industry Analysis, Leading 
Prayers & Future Forecast by 2025. Retrieved from https://www.marketwatch.com/press-release/global-offshore-wind-energy-
market-2018-size-trends-industry-analysis-leading-players-future-forecast-by-2025-2018-09-07  
72 Office of Energy Efficiency & Renewable Energy. (2018, September). 2017 Offshore Wind Technologies Market Update. 
Retrieved from https://www.energy.gov/sites/prod/files/2018/09/f55/71709_V4.pdf 
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1.4  Offshore wind in the U.S. 

Current status: Block Island Deepwater 
Currently, Block Island, a small island off the coast of Rhode Island, is the only site in the U.S. 
with operational offshore wind energy facilities. At Block Island, five offshore wind turbines 
totaling 30 MW of capacity replaced the shipped diesel fuel from mainland Rhode Island that the 
community depended upon for energy. Prior to the wind project, costly transport and diesel 
generator repairs resulted in the highest electricity costs in the country. Block Island’s year-round 
population of 1,000 incurred electricity costs of 50 cents per kWh or more during peak months, 
nearly five times the national average.73 The island’s electricity rates are the highest in the summer, 
which is also when the island’s population peaks, with 15,000 to 20,000 seasonal visitors per day.74 

The economics of the Island’s energy mix (or lack of mix) resulted in the prime opportunity to 
explore a novel technology. Deepwater Wind built five wind turbines three miles off of the coast 
of the Island for $300 million. The project is able to power 17,000 homes, with the potential for 
more in the future. The project has reduced Block Island residents’ electricity bills by $25–30 per 
month, with a metered cost of 24 cents per kWh. However, National Grid, the operating utility 
company, will increase the price of electricity generated by the turbines by 3.5% annually to nearly 
50 cents per kWh in 20 years in order to recoup the project’s initial $300 million in capital costs. 
While these prices are competitive given Block Island’s previous high-cost diesel generation, these 
costs would not be competitive in any other electricity market in the U.S. 

Resource potential 
According to a quantitative assessment developed by the National Renewable Energy Laboratory 
(NREL), the gross resource potential of offshore wind is 10,800 GW of capacity, or more than 
44,000 terawatt-hours (TWh) of electricity generation per year (Fig. 10). Gross resource potential 
accounts for the amount of the kinetic energy of offshore wind resource that can be harvested using 
wind turbines with a hub height of 100 meters and a capacity power density of three MW per 
square kilometers. This calculation also assumes that all the turbines would be within 200 nautical 
miles offshore. After accounting for factors such as land-use exclusion, technology, and operating 
efficiency, the amount of offshore wind energy that can be realistically installed in the U.S, which 
is called the technical resource potential, is more than 2,000 GW of capacity (Fig. 10). This results 
in approximately 7,200 TWh of generation per year,75 which almost doubles the nation’s current 
electricity use.76 

                                                
73 McKenna P. (2017, May 1). America's First Offshore Wind Energy Makes Landfall in Rhode Island. Retrieved from  
insideclimatenews.org/news/28042017/block-island-wind-farm-deepwater-wind-renewable-energy-climate-change  
74 Block Island Tourism Council. (n.d.). New Shoreham (Town). Retrieved from http://www.blockislandinfo.com/island-
information/new-shoreham-town  
75 Office of Energy Efficiency & Renewable Energy. (2016, September 9). Computing America’s Offshore Wind Energy 
Potential. Retrieved from https://www.energy.gov/eere/articles/computing-america-s-offshore-wind-energy-potential 
76 Chatsko, M. (2018, September 4). 5 Stats About Offshore Wind Power That’ll Blow You Away. Retrieved from  
 https://www.fool.com/investing/2018/09/04/5-stats-about-offshore-wind-power-thatll-blow-you.aspx 
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Figure 10. Gross (dark blue) and technical (light blue) potential for offshore 
wind resource capacity (left) and net energy (right).  

Source: National Renewable Energy Laboratory (2016).77 

 

Figures 11 and 12 below show the distribution of wind resource potential along the coasts and the 
Great Lakes.78 The estimation of technical resource potential does not include Alaska, which can 
contribute an additional 12,087 TWh per year.79 While wind speeds are greatest in the Northeast, 
the Southeast also has high development potential due to shallow water depths (Fig. 12). As 
discussed earlier, development of fixed-foundation offshore wind turbines is limited to water 
depths of 50–60 meters, making the Southeast attractive for offshore wind.80 

                                                
77Yaker, K. (2016, December 16). NREL Researchers Play Integral Role in National Offshore Wind Strategy. Retrieved from  
https://www.nrel.gov/news/program/2016/nrel-researchers-play-integral-role-national-offshore-wind-strategy.html  
78 Office of Energy Efficiency & Renewable Energy. (2016, September 9). Computing America’s Offshore Wind Energy 
Potential. Retrieved from https://www.energy.gov/eere/articles/computing-america-s-offshore-wind-energy-potential 
79Chatsko, M. (2018, September 4). 5 Stats About Offshore Wind Power That’ll Blow You Away. Retrieved from 
 https://www.fool.com/investing/2018/09/04/5-stats-about-offshore-wind-power-thatll-blow-you.aspx 
80International Renewable Energy Agency. (2016). Floating Foundations: A Game Changer for Offshore Wind Power. 
Retrieved from https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2016/IRENA_Offshore_Wind_Floating_Foundations_2016.pdf  
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Figure 11. Offshore wind speeds in the U.S. 
 Source: U.S. Department of Energy (2016).81 

 

 

Figure 12. Net technical offshore wind energy potential for coastal and Great 
Lakes states in water depths of greater than and less than 60 meters.  

Source: U.S. Department of Energy (2016).82 

                                                
81 Office of Energy Efficiency & Renewable Energy. (2016, September 9). Computing America’s Offshore Wind Energy 
Potential. Retrieved from https://www.energy.gov/eere/articles/computing-america-s-offshore-wind-energy-potential 
82 Office of Energy Efficiency & Renewable Energy. (2016, September 9). Computing America’s Offshore Wind Energy 
Potential. Retrieved from https://www.energy.gov/eere/articles/computing-america-s-offshore-wind-energy-potential 
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Future cost projections 
The required initial investments to develop offshore wind energy facilities are high, resulting in 
relatively high metered energy rates. However, the costs of wind projects in the U.S. have fallen 
75% since 2014.83 In 2018, the bid of the winning proposal for Massachusetts’ first request for 
offshore wind was impressively low, approximately $64.97 per MWh. This was cheaper than many 
other options for new electricity in New England, renewable or fossil. 84  In general, further 
reduction in costs in the U.S. will depend on continued de-risking of project investments by 
competitive auctions, stable power purchase agreements, transmission, and siting.85  

Moreover, some economists have hopeful projections. A survey of industry experts on the future 
cost of offshore wind projects in Massachusetts predicted that costs would drop from 30 cents to 
11 cents per kWh by 2027.86 Figure 13 below illustrates projected reductions in cost for terrestrial, 
fixed-bottom, and floating offshore wind turbines. The LCOE for fixed-bottom and floating 
turbines are expected to decline by 41% and 38%, respectively. As depicted in the Figure, most of 
this reduction in cost comes from reductions in capital expenditures (CapEx), operational 
expenditures (OpEx), and weighted average cost of capital (WACC).87 Cost reductions within the 
U.S. may follow a different trajectory and are discussed further in Part 3.  

 
Figure 13. LCOE projections and associated drivers for terrestrial, fixed-

bottom, and floating offshore wind turbines globally. Source: LBNL (2016).88 

                                                
83 O’Boyle, M. (2018, December 3). Offshore Wind Prices Have Fallen 75% Since 2014 – Here's How to De-Risk Projects Even 
Further. Retrieved from www.utilitydive.com/news/offshore-wind-prices-have-fallen-75-since-2014-heres-how-to-de-risk-
pro/543384/  
84 Rogers, J. (2018, September 26). A Stunningly Low Price for Offshore Wind: Massachusetts Moves Forward. Retrieved from 
https://blog.ucsusa.org/john-rogers/low-price-offshore-wind-massachusetts  
85 O’Boyle, M. (2018, December 3). Offshore Wind Prices Have Fallen 75% Since 2014 – Here's How to De-Risk Projects Even 
Further. Retrieved from www.utilitydive.com/news/offshore-wind-prices-have-fallen-75-since-2014-heres-how-to-de-risk-
pro/543384/  
86 McKenna P. (2017, May 1). America's First Offshore Wind Energy Makes Landfall in Rhode Island. Retrieved from  
insideclimatenews.org/news/28042017/block-island-wind-farm-deepwater-wind-renewable-energy-climate-change 
87 Lawrence Berkeley National Laboratory; Insight Decisions, LLC; University of Massachusetts—Amherst; National Renewable 
Energy Laboratory. (2016, June). Forecasting Wind Energy Costs & Cost Drivers. Retrieved from http://eta-
publications.lbl.gov/sites/default/files/lbnl-1005717.pdf  
88 Lawrence Berkeley National Laboratory; Insight Decisions, LLC; University of Massachusetts—Amherst; National Renewable 
Energy Laboratory. (2016, June). Forecasting Wind Energy Costs & Cost Drivers. Retrieved from http://eta-
publications.lbl.gov/sites/default/files/lbnl-1005717.pdf  
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2. Policies to Build Offshore Wind in the U.S.  
Several states along the east coast have been pursuing policies to develop the offshore wind 
industry in their state. However, it is important to note that the federal government is in charge of 
designating and leasing potential offshore wind development sites through the Bureau of Ocean 
Energy Management (BOEM) if the sites are beyond three nautical miles from shore.89 Therefore, 
states are dependent on BOEM to advance their offshore wind energy goals. However, states can 
still use state-level policies to encourage the development of offshore wind, as the electricity 
generated will be transmitted on the grid within the state’s jurisdiction. 

In this section, we overview two of the main policy types that the environmental community has 
been advocating for to promote renewable energy in the U.S.: carbon pricing and renewable 
portfolio standards. We then briefly review the policies that have been implemented in the 
northeast. We then spend the remainder of this section focusing on policies in our study areas of 
Virginia, North Carolina, and South Carolina. 

2.1 Policy Impacts on Offshore Wind Adoption 

Carbon Pricing  
Carbon pricing is a method to internalize the climate change externality by incentivizing firms and 
individuals to change their investment, consumption, and production patterns. In general, there are 
usually two cost-effective policy instruments for carbon reduction: carbon taxes and emissions-
trading schemes. A carbon tax is a price-based policy instrument, while an ETS is quantity-based. 
By 2017, 42 national and 25 sub-national jurisdictions have put price on carbon emissions.90  

Using a cross-national panel using data spanning over a decade from 60 countries, a study from 
Tsinghua University found that ETS’s have materially improved the adoption of renewable 
energy.91 The study also examined the dynamics between ETS’s and renewable energy output, 
finding that the establishment of ETS’s increases renewable energy generation.92  

A carbon tax can also help transition energy use from conventional energy to cleaner energy. For 
example, Australia implemented a carbon tax from 2012 to 2014. 93 During the period of the carbon 
tax, renewable energy and natural gas use increased, while coal use declined.94 Moreover, revenue 

                                                
89 Cleveland. M. (2017, December). Offshore Wind on the Horizon. Retrieved from http://www.ncsl.org/research/environment-
and-natural-resources/offshore-wind-on-the-horizon.aspx  
90 The world Bank. (2017, December 1). Carbon Pricing. Retrieved from www.worldbank.org/en/results/2017/12/01/carbon-
pricing. 
91 Yu, M., He, M., & Liu, F. (2017). Impact of Emissions Trading System on Renewable Energy Output. Procedia computer 
science, 122, 221-228. 
92 Yu, M., He, M., & Liu, F. (2017). Impact of Emissions Trading System on Renewable Energy Output. Procedia computer 
science, 122, 221-228. 
93 Nadel, S. (2016). Learning from 19 Carbon Taxes: What Does the Evidence Show. Proceedings of the 2016 ACEEE Summer 
Study on Energy Efficiency in Buildings, Pacific Grove, CA, USA, 21-26. 
94 Nadel, S. (2016). Learning from 19 Carbon Taxes: What Does the Evidence Show. Proceedings of the 2016 ACEEE Summer 
Study on Energy Efficiency in Buildings, Pacific Grove, CA, USA, 21-26. 
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collected from carbon taxes can be used to subsidize or invest in renewable energy, further 
boosting the sector. 

Although the U.S. repealed the Clean Power Plan and communicated its intent to withdraw from 
the Paris Agreement, subnational actors—including states, cities, companies, and universities—
have continued to develop initiatives to reduce greenhouse gases. Multiple actors have pursued 
carbon pricing policies: California has its own ETS and several northeastern states have established 
the Regional Greenhouse Gas Initiative (RGGI) ETS. In recent years, several other states have 
considered passing carbon pricing legislation. For example, Virginia is currently deciding whether 
to join RGGI. 

Renewable Portfolio Standards 
Renewable portfolio standards (RPS) are also considered a main policy driver for renewable 
energy growth in the U.S.95 An RPS requires utilities to ensure that a certain percentage of the 
electricity that they sell comes from renewable sources.96 RPS’s can also contain carve outs, which 
requires a certain percentage of the RPS to be met by a certain technology. Historically, carve outs 
have often been used to ensure the development of solar, but it can be applied to any renewable 
technology. Currently, 29 states and the District of Columbia adopted RPS’s.97  

Several RPS’s have specifically targeted the offshore wind industry as a potential area for growth. 
For example, Maryland passed and signed the Maryland Offshore Wind Energy Act of 2013 to 
help develop offshore wind projects. This act amended the existing RPS by including offshore 
wind projects located 10–30 miles off Maryland’s coast and providing financial support through 
Wind Renewable Energy Credits. Moreover, the Act created a carve out for offshore wind energy 
in the existing RPS for up to 2.5% of total retail sales from 2017.98 Analyzing the impacts of such 
innovative political instruments on offshore wind energy can help us give good policies 
recommendation regarding the development of offshore wind. 

2.2 Policy incentives for offshore wind in the northeast U.S. 
The future of offshore wind in the U.S. is promising, as many states have established goals of 
deploying renewable energy or have created specific carve outs for offshore wind. Much of this 
activity has centered around the northeast. Offshore wind appears to have significant promise in 
that region due to high wind speeds, high costs of electricity, and high difficulty siting new natural 
gas pipelines. 

                                                
95 Barbose, G. (2017). U.S. renewables portfolio standards: 2017 Annual Status Report. 
96 National Conference of State Legislatures. (n.d.). Renewable Portfolio Standards. Retrieved from 
http://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx  
97 Wiser, R., Mai, T., Millstein, D., Barbose, G., Bird, L., Heeter, J., ... & Macknick, J. (2017). Assessing the costs and benefits of 
US renewable portfolio standards. Environmental Research Letters, 12(9), 094023. 
98 Maryland Offshore Wind Energy RFP. Levitan & Associates, Lnc. Maryland Offshore Wind Energy RFP. Retrieved from 
www.marylandoffshorewind.com/.  
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Massachusetts passed the Energy Diversity Act in 2016 that mandates the procurement of 1,600 
MW of offshore wind energy via competitive solicitations by 2027.99 Vineyard Winds’ 800 MW 
proposal was the winner of the first round of solicitations.100  

Rhode Island announced in 2017 a strategic goal of adding 1,000 MW of renewables in Rhode 
Island by the end of 2020.101 Rhode Island selected Deepwater Wind’s 400 MW offshore wind 
proposal to support the goal.102  

Connecticut in 2018 issued a request for proposal 825,000 MWh of offshore wind energy per year. 
Deepwater Wind’s 200 MW Revolution Wind proposal was selected.103  

New York identified a 2,400 MW offshore wind target to support the state’s clean energy standard 
requirement of 50% renewable energy by 2030.104  

New Jersey has increased its commitment to offshore wind from 1,100 MW to 3,500 MW by 
2030.105 The state is developing an offshore wind strategic plan to meet these goals.106 

Maryland carved out a 2.5% offshore wind RPS supported by offshore renewable energy 
credits.107  

2.3 Policy incentives for offshore wind in Virginia 

Wind potential 
Virginia has the potential to become a national leader in the U.S offshore industry within next 
decade due to its infrastructure and geographical advantages. There is also an opportunity for the 
state to be established as a hub for East Coast offshore wind supply at the deep-water port at 
Norfolk. The main competitive advantages include:108  

● Industrial coastal infrastructure with large space for lay-down and storage and direct access 
to the open ocean without vertical barriers like bridges.  

                                                
99 Commonwealth of Massachusetts. (2016, August 8). Governor Baker Signs Comprehensive Energy Diversity Legislation. 
Retrieved from https://www.mass.gov/news/governor-baker-signs-comprehensive-energy-diversity-legislation  
100 Office of Energy Efficiency & Renewable Energy. (2018, September). 2017 Offshore Wind Technologies Market Update. 
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103 Office of Energy Efficiency & Renewable Energy. (2018, September). 2017 Offshore Wind Technologies Market Update. 
Retrieved from https://www.energy.gov/sites/prod/files/2018/09/f55/71709_V4.pdf 
104 Office of Energy Efficiency & Renewable Energy. (2018, September). 2017 Offshore Wind Technologies Market Update. 
Retrieved from https://www.energy.gov/sites/prod/files/2018/09/f55/71709_V4.pdf  
105 Office of Energy Efficiency & Renewable Energy. (2018, September). 2017 Offshore Wind Technologies Market Update. 
Retrieved from https://www.energy.gov/sites/prod/files/2018/09/f55/71709_V4.pdf 
106 State of New Jersey. Executive Order No.8. Retrieved from https://nj.gov/infobank/eo/056murphy/pdf/EO-8.pdf  
107 Office of Energy Efficiency & Renewable Energy. (2018, September). 2017 Offshore Wind Technologies Market Update. 
Retrieved from https://www.energy.gov/sites/prod/files/2018/09/f55/71709_V4.pdf 
108 BVG Associates. (2018, September). Offshore Wind in Virginia: A vision. Retrieved from 
https://files.vasierraclub.org/oswvision.pdf  



27 

● Skilled workforce in shipbuilding and ship repair, ports, logistics, and vessel operations. 
● Convenient transportation like highways, rails, and waterways that connects Virginia’s 

ports with industrial centers in Southeast, Mid-Atlantic, and Midwest.  
● High and increasing electricity demand in eastern population centers, especially internet 

economy. North Virginia is hosting a major internet corridor, and two data centers will be 
built in Virginia Beach.  

● High-voltage interconnection capability in Virginia Beach, sufficient for future 
commercial lease area with moderate investment.  

With these competitive advantages, it is predicted that Virginia can supply first wave offshore 
wind development in New England. After maturing its supply chain, the state may also be able to 
provide the tipping point for the second wave of lower-cost projects in the service territory of 
Dominion Energy, the power company servicing much of Virginia and coastal North Carolina.109  

Renewable energy portfolio 
Virginia does not have a mandatory RPS, but in 2007, the state set up a voluntary renewable energy 
portfolio goal for investor-owned utilities. This incentive program offers utilities the opportunity 
to generate higher rates of return if they meet the renewable energy goal of 15% by 2025.110 Double 
credit is given to energy derived from sunlight, terrestrial wind, and animal waste, while triple 
credit is granted to energy derived from offshore wind.111  

State activity 
In October 2018, Virginia governor Ralph Northam presented the Commonwealth’s 2018 Virginia 
Energy Plan, which set a target for the state of developing 5 GW of renewable energy by 2028 and 
calls for the deployment of 2 GW of offshore wind by that time.112 To reach the goal, a 12 MW 
demonstration project was announced in August, and the project was designed to provide 
important information to stakeholders, such as the military, commercial, and recreational interests, 
and other government entities.113  

Private sector activity 
In September 2018, the Virginia Offshore Wind Executive Summit was held in Norfolk. Over 250 
local business, offshore wind experts, and government leaders participated, discussing the future 
role of Virginia in U.S. offshore wind industries.114 The Summit positioned Virginia as the first 
offshore wind giant in the South. The participants discussed a strategy to develop at least 2,000 

                                                
109 BVG Associates. (2018, September). Offshore Wind in Virginia: A vision. Retrieved from 
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MW offshore wind, which would make the wind industry the major energy source and job 
generator in Virginia.115  

Demonstration project 
The Coastal Virginia Offshore Wind demonstration project will be built by Dominion Energy, 
which has contracted with a global wind developer, Ørsted Energy of Denmark. Two six MW 
turbines will be developed 27 miles off the coast of Virginia Beach.116 This project is the first 
offshore wind initiative in the mid-Atlantic, and it will be used to collect data which will influence 
final investment decisions on the future buildout to 2 GW.117  

2.4 Policy incentives for offshore wind in North Carolina  

Wind potential 
The federal government has found that the state of North Carolina has some of the greatest wind 
resource and thus the most potential for offshore wind among coastal Atlantic states. The 
government has identified three areas to lease to develop offshore wind farms in the state: Kitty 
Hawk, Wilmington East, and Wilmington West.118 In North Carolina, offshore wind resource 
potential as a percentage of total electric generation is 693%.119 Within 50 nautical miles from 
shore, the offshore wind energy potential at wind speeds over 7.0 meters per second is nearly 300 
GW.120 As mentioned earlier, the region also has the advantage of having large areas of shallow 
water that is well-suited for offshore wind.121 

Renewable energy portfolio 
In 2007, North Carolina Governor Mike Easley signed Session Law 2007-397 (S.B. 3),122 making 
North Carolina the first state in the Southeast to implement a Renewable Energy and Energy 
Efficiency Portfolio Standard (REPS). 123  Under this law, investor-owned utilities in North 
Carolina need to meet up to 12.5% of their energy needs from renewable energy sources or energy 
efficiency measures, while rural electric cooperatives and municipal electric suppliers must source 
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10% of their energy from these sources.124 As the implementation of RPS promotes the application 
of renewable energy, analyzing its effect on offshore-wind development in North Carolina is 
important. 

State activity 
Offshore wind development is expected to improve local economies in coastal North Carolina by 
creating approximately 48,145 local jobs.125 As a result of its high resource and employment 
potential, North Carolina has been seriously considering offshore wind for approximately a decade. 
In 2009, the University of North Carolina (UNC) conducted a study on offshore wind for the North 
Carolina General Assembly. In the same year, Duke Energy signed a contract with UNC to install 
turbines in the Pamlico Sound, although the turbine demonstration projects were cancelled in the 
following year. Furthermore, in June 2010, North Carolina formed the Atlantic Offshore Wind 
Energy Consortium along with nine other eastern coastal states to “facilitate cooperation between 
federal and state governments on issues related to developing offshore wind on the Atlantic Outer 
Continental Shelf.”126  

In late October 2018, Governor Roy Cooper signed Executive Order No. 80, which addresses 
climate change and transition to clean energy economy. The order set up a goal for the state of 
North Carolina of accomplishing 40% reduction in statewide greenhouse gas emission compared 
with 2005 levels by 2025. Although there is no carve out specifically for offshore wind, a clean 
energy plan for North Carolina will be developed to foster the utilization of clean energy resources, 
which includes wind.127   

Kitty Hawk, North Carolina offshore lease 
To date, no operational offshore wind energy sites exist in North Carolina. However, in March of 
2017, BOEM held an auction for the lease of the Kitty Hawk Wind Energy Area off the coast of 
North Carolina.128 This area is located 24 nautical miles from shore and covers over 122,000 acres. 
Avangrid Renewables, LLC won the rights to this area with a bid of $9.07 million. The lease 
became effective on November 1, 2017. This is currently the only active offshore wind project in 
North Carolina, but there are two proposed sites near Wilmington, North Carolina. 
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2.5 Policy incentives for offshore wind in South Carolina 

Wind potential 
South Carolina has the second-largest offshore wind resource along the east coast.129 In South 
Carolina, offshore wind potential resource as a percentage of total electric generation is 263%.130 
Within 50 nautical miles from the shore, the offshore wind energy potential at wind speeds over 
7.0 meters per second is 130.2 GW. 131  South Carolina is also home to wind component 
manufacturers such as General Electric and Prysmian Group.132 With the skilled labor and the 
estimated low cost of manufacturing, South Carolina is well positioned for offshore wind 
development.133  

State activity 
Though there are no offshore wind leases in South Carolina, the state has shown strong interest in 
offshore wind development, which has been considered as an opportunity to boost local economy 
by creating more jobs.134 In 2009, South Carolina’s legislature passed state energy efficiency and 
renewable energy goals encouraging the use of indigenous, renewable energy sources, including 
biomass, wind, solar, hydropower, geothermal, and hydrogen.135  

The state does not have a mandated RPS, but it has a voluntary renewable energy goal of sourcing 
2% of aggregate generation capacity from renewables by 2021. The goal was created via the 
Distributed Energy Resource Program Act of 2014. The program specifies that 1% of aggregate 
capacity would come from renewable facilities sized between 1–10 MW, and the other 1% would 
be from the facilities sized under one MW.136 Renewable generation source mentioned in the act 
include solar photovoltaic, solar thermal, wind, low-impact hydroelectric resources, geothermal, 
tidal and wave energy resources, recycling resources, hydrogen fuel derived from renewable 
resources, combined heat and power derived from renewable resources, and biomass resources.137  

There is also no carbon price in South Carolina. However, the state has offered a 10% income tax 
credit to manufacturers of renewable energy operations through tax years from 2010 to 2015,138 
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which has reduced some burden on the wind industry.139 South Carolina has also made a $98 
million investment in the Clemson University advanced drivetrain test facility, a testing platform 
for onshore and offshore wind turbines.140 Interest at the time from utilities was  

Current status 
On November 2015, BOEM published an Information and Nominations Call for a 60-day public 
comment period to appraise the interest of the offshore wind industry in having commercial wind 
leases in four areas off of the South Carolina coast and collect comments on site conditions, 
resources and other uses within the areas. 141  The four areas—Grand Strand, Cape Romain, 
Charleston, and Winyah—span over 1,100 miles.142 Industry response, at the time, was tepid, due 
to the high cost of developing offshore wind relative to other energy sources.143 However, it is 
estimated that once the offshore wind supply chain is put into place, development costs may 
decrease in the future.144  
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3. Model Methods 

3.1 Objective 
For our energy analysis, we modeled the electricity system to examine the potential deployment 
of offshore wind resources in the Southeast through the year 2040. Various policy scenarios were 
modeled, including multiple carbon prices and an offshore carve out (hereinafter referred to as an 
offshore mandate). In addition, we modeled scenarios with both high costs and low costs of wind 
technology and coupled these cost scenarios with each policy scenario. The analysis is intended to 
answer the following two questions. 

1. What is the baseline prospect for the adoption of offshore wind resources in the 
southeastern U.S.? 

2. How would these prospects change in the presence of different levels of carbon prices and 
the implementation of an offshore mandate? 

These are fundamental questions that need to be explored as the offshore wind energy industry 
becomes established in the U.S. and in the Southeast specifically. Wind resources, market structure, 
and energy and carbon policy differ along the East Coast, so a detailed analysis is warranted and 
timely. 

3.2 Model 
This analysis uses the AURORA electric modeling, forecasting, and analysis software. AURORA 
is an off-the-shelf model developed by Energy Exemplar (formerly EPIS) to conduct various 
analyses. This analysis exclusively uses long-term capacity expansion runs within the PJM 
wholesale electricity market and the Southeastern Electric Reliability Corporation (SERC) regions. 
The model simulates every eighth hour of every other Tuesday from 2018 to 2040. It uses linear 
programming to minimize costs across the system while complying with imposed constraints. The 
results discussed in this analysis are from PJM Dominion VP, which includes the coast of Virginia 
and part of northeastern North Carolina, and SERC VACAR South, which contains the rest of 
North and South Carolina (Fig. 14). 
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Figure 14. Map of AURORA analysis areas showing PJM Dominion VP (89) 
and SERC VACAR South (13). Source: Energy Exemplar (2019).145 

3.3 Limitations 
Limitations to our research include: 

• Taking into consideration cost based on outer continental shelf depth. 
• Geographic constraints. 
• Assuming all transmission costs are built into to CapEx and is not socialized across 

offshore developments. 

3.4 Offshore Wind Cost Scenarios 
Due to the nascent status and increased interest in the U.S. offshore wind market, it seems likely 
that costs will begin to decrease more rapidly than other renewable technologies that are already 
established. This is due to possible supply chain improvements as well as technological 
innovations already occurring in Europe. 

NREL performed a detailed analysis of possible cost reduction paths for different regions in the 
U.S. and produced LCOE projections for different scenarios.146 This highly detailed analysis takes 
into account factors such as cost variables that vary with location and potential technology 
advancements. This analysis yielded regional LCOE projections. The two cost reduction scenarios 
are shown in Figure 15. 

                                                
145 Map sent to authors by Energy Exemplar. 
146 National Renewable Energy Laboratory. 2016. “A Spatial-Economic Cost-Reduction Pathway Analysis for U.S. Offshore 
Wind Energy Development from 2015-2030.” https://www.nrel.gov/docs/fy16osti/66579.pdf 
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Using the exponential curve created for the southern Atlantic region of the U.S., we back-
calculated capital costs and created inputs for AURORA (Fig. 16). These represent the upper and 
lower bound of the range produced by NREL. In the model, these resources cannot be operational 
until 2021.  

 
Figure 15. Upper and lower LCOE projection bounds for the South Atlantic.  
Source: Adapted from the National Renewable Energy Laboratory (2016).147 

 

 
Figure 16. Capital cost inputs into AURORA for upper and lower bounds.  

Source: Adapted from the National Renewable Energy Laboratory (2016).148 

                                                
147 National Renewable Energy Laboratory. 2016. “A Spatial-Economic Cost-Reduction Pathway Analysis for U.S. Offshore 
Wind Energy Development from 2015-2030.” https://www.nrel.gov/docs/fy16osti/66579.pdf 
148 National Renewable Energy Laboratory. 2016. “A Spatial-Economic Cost-Reduction Pathway Analysis for U.S. Offshore 
Wind Energy Development from 2015-2030.” https://www.nrel.gov/docs/fy16osti/66579.pdf 
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For renewable technologies, variable costs are ignored, and fixed costs are calculated as follows: 

Fixed Cost Input ($/MW–Week) = Total Overnight Cost ($/MW) * 5.91% Capital Cost Recovery 
                                                                                                52 Weeks 

3.5 Carbon Pricing Scenarios 
To examine the effect that policy could have on the energy mix and offshore wind deployment 
specifically, we created various carbon price scenarios. These prices were applied to the entire 
study area. We used a real-world permit price from RGGI. AURORA already modeled these prices 
into the future. In addition, the EPA calculates the social cost of carbon at different discount rates, 
and we implemented their 2.5% version. These prices are shown in Figure 17. 

 

Figure 17. Carbon prices used in model runs from RGGI and the EPA.  
Source: U.S. Environmental Protection Agency (2016).149 

3.6 Offshore Mandate 
Another policy that has been used to promote renewables development is a mandate. These 
sometimes take the form of technology-specific carve outs in a Renewable Portfolio Standard. 
Massachusetts implemented an offshore wind mandate in its Act to Promote Energy Diversity (Bill 
H.4568). In this bill, Massachusetts requires that 1,600 MW of offshore wind be contracted before 
2027. 

In a similar approach, a model scenario was built that requires 1,600 MW to be built in each of the 
three states in the study area before the end of the study period. This forces the model to build a 
total of at least 4,800 MW by 2040. 

  

                                                

 
149 U.S. Environmental Protection Agency. “The Social Cost of Carbon Estimating the Benefits of Reducing Greenhouse Gas 
Emissions.” Last updated January 9, 2017. https://19january2017snapshot.epa.gov/climatechange/social-cost-carbon_.html  
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4. Model Results and Analysis 

4.1 Scenarios 

For our study, we used AURORA to model all combinations of offshore wind cost curves and 
policy options. Each policy option was modeled with both the high- and low-cost curves for 
offshore wind in order to assess the impact of the policies at different technology price points. The 
four policy options modeled were a baseline with no policy, a RGGI carbon price, the Social Cost 
of Carbon at a 2.5% discount rate, and an Offshore Mandate in three Southeastern states (VA, NC, 
SC). All combinations are summarized in Table 1. 

Table 1. Summary of scenario combinations for model runs 

 

4.2 Analysis Methods 

Our results focus primarily in two areas: capacity and electricity prices.  

Capacity refers to the amount of electricity production potential (nameplate capacity in MW) that 
exists in our study area from different categories of resources.  

Electricity prices reflect the impact that different policies and offshore wind cost curves have on 
the marginal cost of the system. We use these results to compare impacts between scenarios, and 
not to make recommendations based on the prices themselves. 

Though emissions reductions are a key benefit of offshore wind, our results did not indicate that 
offshore wind contributed significantly to the reduction in emissions. Rather, the policy scenarios, 
namely the two carbon prices, elicited the only significant reduction in emissions. We will only 
briefly discuss these results. 

4.3 Capacity 

Objectives 
Our main modeling objective was to see under what scenarios offshore wind was built and if built, 
how much. As each model ran from 2018 to 2040, the capacity built per year was also of interest. 
In the scenarios when offshore wind was built, we were interested in which resources it displaced, 
and by how much.  
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Resources 
Our capacity analysis separates all existing and new generation resources in AURORA into 
resource categories as follows: offshore wind, coal, solar, natural gas, battery storage, terrestrial 
wind, oil, hydropower, and nuclear. AURORA also considers very small-scale alternative energy 
installations, which we have aggregated into an “Other” category.  

2040 Capacity Summary 
Through all 8 scenarios, we saw some 2040 resource capacities that varied between scenarios and 
some that remained constant. Battery storage, terrestrial wind, oil, hydropower, and nuclear energy 
did not change between scenarios and thus we will focus our analysis on the resources that did 
vary drastically between scenarios. 

The resources that were most impacted by our scenarios were offshore wind, coal, solar, and 
natural gas.  

In Table 2, we can see the comparative 2040 cumulative capacity for each technology. The heat 
map indicates the largest 2040 capacity for each technology in green and the least capacity in white. 
Table 3 shows these values for all system resources and its heat map is relative to the entire system, 
not each resource.  

Table 2. 2040 Cumulative Capacity Heat Map Per Resource Category (MW) 

 
 

It is clear from the values and color-coding in Table 3 that regardless of the price of offshore wind 
and policy scenario, natural gas retains the highest market share of any resource. Table 4 shows 
the total market share of natural gas generating assets in 2040 by scenario. In no scenario does 
natural gas represent less than half of generating assets in our study area. When offshore wind is 
at a higher cost, natural gas retains a higher market share, and loses share when offshore wind is 
at a lower cost. The scenario that elicits the largest market share for natural gas is a high offshore 
wind cost and the social cost of carbon. Despite the high carbon price, natural gas is able to retain 
a high market share due to the still relative low cost of fuel as well as the variability in the way the 
model matches supply and demand.  
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Table 3. 2040 Cumulative Capacity Heat Map, Whole System (MW) 

 
 

Table 5 shows the cumulative system available capacity in 2040, and we can see that the social 
cost of carbon policy scenario leads to a higher installed capacity than many of the other scenarios. 
We believe that this is due to the fact that more solar is installed in this scenario and the grid must 
keep natural gas and coal plants online to increase grid reliability by providing dispatchable 
electricity. It is to be noted that these tables do not represent the electric generation of each facility, 
but rather the total installed capacity. 

We can see in Table 3 that the 2040 capacity for storage, wind, nuclear, hydro, other, and oil 
remains constant, or close to constant, for all eight scenarios. We will thus only focus on the four 
technologies mentioned above for our scenario analysis. 
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Table 4. Market Share % of Natural Gas in 2040 by Scenario 

 
 

Table 5. Total 2040 System Capacity (MW) by Scenario 

 
 

Resource Trends 
In Figure 18, we can see the annual cumulative capacity by resource for the entire study period. 
For all scenarios, including the leftmost which assumed no policy changes, we see a growth in 
total capacity over time, steadily increasing at very similar rates in order to meet growing demand 
for electricity. Figure 19 shows the resource type breakdowns, highlighting the five resources that 
exhibit positive or negative trends over our study period.  

 

Figure 18. Annual capacity (MW) of each resource type under different policy 
scenarios. 
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Figure 19. Annual capacity (MW) of the five non-constant resources under 
different policy scenarios. 

 
Figure 19 shows that each scenario elicits a similar decline in coal and nuclear capacity over time. 
While nuclear capacity sees plant retirements only towards the end of the study period, the installed 
capacity of coal steadily decreases for the entire duration. Solar installed capacity increases 
throughout the study period, as does natural gas. While natural gas increases steadily and linearly, 
solar capacity reaches a plateau in the middle of the study period and only ramps up again towards 
the end. These figures also show the annual capacity additions of offshore wind, which will be 
discussed in more depth in the next section. Most notably, policy and offshore wind cost scenarios 
do not reverse or dramatically alter any of the existing and consistent trends for these other 
resources. Rather, the addition of offshore wind chips away at those existing trends without 
affecting the overall trend. 

Annual capacity additions and retirements are shown for each scenario in Figure 20. In these 
figures we see only the additions and retirements, not cumulative capacity for any resources. The 
annual retirements of coal throughout the study period are shown clearly and are the only negative 
values on those graphs. Not shown on these graphs are the few nuclear plant retirements, as the 
timing and number of these retirements did not vary between scenarios. Additionally, we can see 
the speed at which offshore wind was added in each scenario. These figures highlight the effects 
that offshore wind buildout had on other generation resources during the study period and help 
determine the overall effects of the modeled scenarios.  
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Figure 20: Annual capacity additions and retirements (MW) under different 
policy scenarios. 

 

Offshore Wind 
High Cost Curve 

Offshore wind was not built out in any policy scenario with the high cost curve, except when 
mandated. In this scenario, just the required 4800 MW of offshore wind is built out, 1600 MW 
each in Virginia, North Carolina, and South Carolina.  

The differences between the cost of offshore wind in the high and low-cost curves is great at the 
beginning of the study period but grows much smaller by 2040. These results show that while 
offshore wind’s costs do decrease over time, even in the high cost curve scenario, they do not 
decrease quickly enough to gain market share before other technologies are built out to meet 
capacity needs.  

Low Cost Curve 

At the lower price point, offshore wind gets built in every policy scenario, with the highest capacity 
being installed in the offshore mandate scenario. In this scenario, offshore wind is built out to 292% 
of the required amount. This is due to a number of factors. The way that the mandate was modeled 
required 4800 MW of offshore wind to be built out by 2040. However, there was a limit on the 
amount of capacity that could be installed each year in each state. We instituted a constraint to 
prevent the model from building all required offshore wind only as it became price competitive, 
instead forcing it to be built out more slowly over time. As the supply chain in the U.S. is not 
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robust enough, at this point, to allow for the simultaneous installation of 4800 MW of offshore 
wind, we believe this constraint to be appropriate.  

Holding to this constraint, the model was forced to build offshore wind before it otherwise would 
have been price competitive. This displaced resources that would have filled that capacity need, 
gave offshore wind a larger market share earlier, and permanently displaced the other resources. 
By the time offshore wind is price competitive, it already has market share, and is still chosen as 
a new generation asset for capacity expansion. These results tell us that early adoption of the 
technology in the case where prices are low leads to a substantial market share for offshore wind, 
especially as an emerging electricity generation resource, but it does so at a cost, displacing lower 
cost resources “early”. 

Policies 

Instituting no policy resulted in the highest non-mandate market share for offshore wind. In the 
low cost curve scenario, 9,000 MW of offshore wind was built out when there was no additional 
policy.  

8,900 MW of offshore are built in the RGGI carbon price scenario and only 8000 MW in the 2.5% 
social cost of carbon scenario. The decline in the capacity of offshore wind when there is a carbon 
price is directly related to a small rise in solar capacity. Due to the lower starting price of solar, 
the carbon price incentives make it the first-choice capacity buildout option for our system. It gains 
permanent market share when it is built out earlier and leads to less overall offshore wind buildout 
because cost-effective solar capacity already exists by the time offshore wind is cheap enough.  

Resource Displacement Trends 

Natural gas and solar were the primary technologies that were affected by the building of offshore 
wind. The resource displaced varied by the timing of the building of offshore and the costs of the 
other technologies. A surprising result was that offshore wind displaced both solar and natural gas. 
While the numbers are small, we can still glean from these results that offshore wind, a renewable 
and variable resource, has the ability to both displace a variable renewable resource, solar, and a 
dispatchable base-load resource, natural gas.  

The high capacity factor of offshore wind, 40% as modeled in our study, is higher than that of 
solar, and the nameplate capacity of each wind farm, 100 MW or 400 MW, is also larger. These 
two factors allow offshore wind to function as a more reliable and high-output resource than solar. 
While still not dispatchable, offshore wind resources are more consistent and reliant. If paired with 
battery storage in the future, the adoption trajectory of offshore wind could change dramatically 
and the resources that it displaces would also change. 

4.4 Electricity Prices 

Objectives 
Implementation of any policy is bound to include costs, though this is not something that we chose 
to model. Instead, we imposed policies and analyzed the resulting generation mix for offshore 
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wind penetration and other resource displacement. Our analysis does not consider the overall 
system cost for Capex, OpEx, fuel costs, and program implementation. In order to try to quantify 
some of these attributes, we looked at the differences in electricity prices between the 8 scenarios 
that we ran. The electricity prices represented in Figure 21 are the average of the system electricity 
price in $/MWh at the end of our study period in 2040.  

Electricity prices are difficult to forecast, especially over a 22-year time horizon. We believe the 
electricity prices discussed here to be representative only of the comparative level of electricity 
price and not to represent likely absolute values for the price at the end of the study period. 

Results 
As Figure 21 shows, the end electricity price did not vary significantly between all 8 scenarios ran. 
More importantly, we can see that adding a low carbon price, RGGI, or a high carbon price, the 
social cost of carbon with a 2.5% discount rate, do not dramatically affect the terminal study period 
electricity price. This is important to note for long term capacity planning. The trajectory of the 
prices for each scenario varied, however they all ended up in the same place. The trajectory was 
mostly affected by the rate at which the carbon prices were increasing. However, the carbon prices 
did not have a significant effect on either the electricity prices or the amount of offshore wind that 
was built.  

 

Figure 21. 2040 electricity prices by scenario. 

 

The lowest electricity price occurs when the cost of offshore wind is high and there is a social cost 
of carbon. Our hypothesis was that high costs of carbon would elicit higher electricity prices, 
however our results showed otherwise. This is explained by earlier adoption of renewable energy, 
primarily solar, in the high carbon price scenarios. While the price of electricity was higher for a 
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short while, the prices quickly leveled out and did not have any long-term effects to increase 
overall marginal costs on the system. 

We see these results parallel the low-cost curve offshore wind mandate scenario, in that early 
adoption of low marginal-cost technologies leads to a proliferation of those technologies over time. 
The benefits from those technologies, namely carbon-free electricity and low marginal costs, 
outweigh the high capital investment required to build them out. In the high cost curve scenario, 
only 4,800 MW of offshore wind is built out, and this capacity is not built out without the mandate. 
This tells us that if not for the mandate, there would be other, cheaper technologies that would take 
the place of that 4,800 MW of added capacity. In the low-cost curve scenario, we see that offshore 
wind would get built out whether or not there was a policy incentive. However, when we mandate 
offshore wind, it is built out to 292% of the required capacity. In neither of these cases do we see 
a shift in the long-term electricity price. These results again highlight the long-term payoff of 
investments in renewable and low-variable cost technologies, despite their high capital investment.  
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5. Public perception of offshore wind  
Public opposition is considered one of the main barriers to offshore wind development in the 
U.S.150 Most famous in the U.S. is the failure of the Cape Wind project. However, the span of 
opposition goes beyond U.S. borders, with an emerging trend of opposition to offshore wind 
development in Europe. The main arguments of opponents include damage to landscape aesthetics, 
harm to marine life and birds, and negative impacts on fishing industries and tourism. 
Understanding the attitudes of developers, policymakers, affected communities, and other 
stakeholders towards offshore wind can help determine the development rate of the technology 
and future success of this renewable alternative energy source.151 The following sections include 
a brief introduction to cases of opposition in the U.S. and Europe, a stakeholder analysis for 
offshore wind development in the U.S., and recommendations to future development of offshore 
wind. 

5.1 Public Opposition in the U.S. 

Cape Wind, Massachusetts 
In November 2001, the Cape Wind Project was proposed to be built in the Nantucket Sound near 
Cape Cod, Massachusetts;152 the project was designed to have 130 Siemens 36 MW wind turbine 
generators with an average 174 MW output. However, the developer relinquished its lease on May 
2018.153 Cape Wind faced many challenges. One main critique of the project was its location. The 
turbines would have been visible to waterfront property owners, affecting their aesthetic views. 
Many local officials, business owners, fishermen, Native American tribes, and residents were 
critical of the project due to its high cost, navigational hazards, and threats to the environment. 
There were also politically influential opponents, including Senator Edward M. Kennedy of 
Massachusetts and William I. Koch. Mr. Koch said his strategy was to delay the project by 
continuing to challenge legal rulings. In 2015, the project failed to meet a construction deadline 
and two local utilities cancelled their purchase agreements for offshore wind power from the 
project.154 In 2016, Massachusetts mandated utilities to buy 1600 MW offshore wind by 2027,155 
but Cape Wind was excluded from the bidding process because the legislation required projects to 
be built at least 10 miles from shore.156 
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Block Island, Rhode Island 
Block Island Wind Farm, a project of DeepWater Wind, became the first commercial offshore 
wind farm built in the U.S. when it went online in 2016.157 To prevent project failure, similar to 
what happened with Cape Wind, both the state and private developers actively engaged the public 
to build strong trust with affected groups. The Ocean Special Area Management Plan (Ocean 
SAMP) was created as a state-level regulatory tool to engage the diverse range of stakeholders in 
selecting a site for the offshore wind project. Both formal regulatory meetings and informal 
meetings were organized with stakeholders to learn, discuss, and address the impacts of the 
offshore wind project. Scientists and experts in the field were invited to give presentations relevant 
to the project and a local fisher who worked for many years in the area was hired as a mediator to 
facilitate the engagement with local commercial fishers. The private developer, Deepwater Wind, 
and the state’s electric utilities held regular meetings with stakeholders to discuss and answer 
questions about construction and transmission plans.158 

However, not all parties see the creation of the Block Island Wind Farm as progress towards a low 
carbon future. The offshore wind farm was blamed for causing an increase in electrical bills for 
the mainland residents.159 Many commercial fishers also complained about the inconvenience that 
offshore wind structures brought to their fishing activities.160 More opposition emerged from 
commercial fishers when the state planned to build more offshore wind. Richard Fuka, a fisher and 
president of the Rhode Island Fishermen’s Alliance, stated he feared that the state would trade 
green energy for food sources. Mr. Fuka was concerned that the state was moving too fast on 
offshore wind and urged the state to slow down its offshore wind development, especially when 
the peoples’ understanding is limited on how large offshore wind infrastructures could affect the 
bottom of the ocean. Fishers from the Rhode Island had to relinquish lucrative and sensitive ocean 
bottoms in the area due to the offshore wind development.161 

South Fork Wind Farm, New York 
Deepwater Wind proposed a 15-turbine offshore wind project, more than 30 miles east of Montauk, 
Long Island, New York.162 The coast of Montauk is home to the largest commercial fishing port 
in the state, and the offshore wind project faced serious opposition from the Long Island and 
Southern New England fishing industries who were concerned with the project’s potential 
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disruptive impact on fishing industries.163 Fishers claimed that they did not trust the experts’ 
statements that offshore wind would have no significant impact on fisheries. They were having 
difficulty harvesting a comparable amount of fish as in previous seasons.164 Pile-driving, a process 
which drives poles in the ocean floor, and jet plow technology, used to install turbine tables, were 
thought to negatively impact commercial fishing by destroying the bottom of the ocean and 
disrupting the habitats of some fish species.165 As Gov. Andrew Cuomo pushed to add about 2400 
MW of offshore wind energy to the state by 2030, the large industry scale-up created fear of 
uncertainty within the fishing industry.166 The fishing community viewed offshore wind as a threat 
to their century-long fishing habitats.167 Moreover, ratepayers in the state expressed dissatisfaction 
with seeing an increase in their electric bills, even just 76 cents per month.168 

5.2 Public Opposition in Europe 
Europe has a well-developed offshore wind industry. Despite the progress in offshore wind 
development, the opposition to wind industries has not stopped. Countries such as France, 
Denmark, the Netherlands, and the U.K. have all experienced serious challenges of public 
opposition towards offshore wind. According to a local news article, the Netherlands 
counterterrorism unit (NCTV) identified anti-wind farm activists as a new group that threatens 
public safety. 169  In April 2018, anti-wind activists in the Netherlands distributed pamphlets 
claiming pro-wind politicians are Nazis and planted swastika flags signaling that wind turbines are 
invading their country. 170  In July 2018 opposition grew more fervent as 34 companies and 
organizations involved in the wind farms in Groningen and Drenthe received threatening letters 
from anti-wind groups stating, “We do not guarantee the safety of your staff.”171 

The reasons for resisting offshore wind have primarily included aesthetic impact, decrease in 
property value, distrust in government, economic burden (expensive electricity), layoff of laborers 
in other energy generation sectors (such as nuclear and fossil fuel plants), and impacts on local 
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fishery industries. The wide range of reasons for opposition have led to disparate, yet strong, 
pushes of opposition against offshore wind development and existing projects. 

5.3 Stakeholder Analysis 
To address opposition in the southeastern U.S., stakeholder analysis must be performed. The 
purpose of conducting stakeholder analyses is to help guide a participatory, consensus-building 
process for the development of offshore wind. To better inform development projects, all possible 
stakeholders and potential interests are included in the analysis. The unique conditions in the south 
east region are also considered in the following analysis. 

Figure 22 provides an overview of offshore wind stakeholders and their relationships, and Table 6 
lists the main interests of each party. 

 

 

Figure 22: Interest and power map of key offshore wind stakeholders. 
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Table 6: Offshore Wind Stakeholders and Their Interests 

Stakeholder Examples of 
Organizations 

Main Interests 

Local 
Government 

Town of Kitty Hawk, 
Dare County,  

Adopt renewable energies to shape a low-carbon, 
sustainable future. 
Create more local jobs. 
Be competitive in the emerging offshore wind 
industries.  

Wind 
Developers 

Avangrid, Southeastern 
Wind Coalition 

Utilize local abundant offshore wind resources. 
Contract with local utilities to guarantee 
purchase of offshore wind. 

Coastal Property 
Owners 

Chicahauk Property 
Owners Association 

Concern about the decrease in property value 
and aesthetic impact. 

Fossil Fuel 
Companies 

N.C. Petroleum Council; 
American Petroleum 
Institute 

Concern about loss in profits and limited future 
development. 
Develop offshore wind and oil company. 

Fishing 
Industries 

Southeastern Fisheries 
Association, Inc. 

1) Some fishermen (more likely sports fishermen 
and recreational fishermen) are happy about the 
fact that the facilities could attract more fish by 
providing them shelter and hiding spaces. 
2) Some fishermen (mainly 
commercial/industrial fishermen) think that 
building offshore wind facilities could destroy 
local ecosystems. 

Environmental 
Groups 

N.C. Coastal Federation,  
the Nature Conservancy 

Concern about impacts on fish and birds. 
Offshore wind development could be considered 
an alternative to offshore gas and oil extraction. 
Offshore wind development is preferred because 
it generates considerably fewer emissions. 
Desire thorough research on impacts of offshore 
wind. 
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Commercial Fishing Industry 
The main concern of the commercial fishing industry is the potential negative impacts on fish 
harvest. Commercial fishers are worried that offshore wind infrastructure could destroy fish 
habitats, therefore driving the fish away. Environmental experts claim that after the wind 
infrastructures are built, fish will return to their habitats. However, in Block Island, fishers have 
already seen a significant decrease in the types and the amount of fish being harvested, and they 
do not trust the environmental experts that the habitats will be restored.  

Similar issues have occurred in the North Sea in Europe as well. Some European fishers have seen 
struggling fisheries as the offshore wind industry ballooned. Instead, they have turned to the 
offshore industry. One former fisher described his experience of working for a wind farm on a 
catamaran as a ferrying technician who goes out for daily maintenance of the turbines. The former 
fisher said that the job was boring compared with fishing.172 

Vineyard Wind proposed a two billion wind farm project in Rhode Island to meet the demand for 
renewable energy in New England. The project would be 800 MW in scale. However, the one-
nautical-mile spacing between the turbines would be too narrow for fishing vessels to operate, and 
the fishermen could lose the fishing grounds where turbines will be installed. “I truly feel that it 
could be the end of Rhode Island’s seafood industry,” said by Lanny Dellinger, the chair of the 
state’s fisheries advisory board.173 According to the draft environmental impact statement for the 
proposed project, there will likely be moderate to major impacts on commercial fishing. The 
impacts mainly focus on impacts to fish stocks, fishing vessel navigation, and transit routes. The 
processes of construction and installation, operations and maintenance, and non-routine activities 
all involve negative impacts, as shown in Table 7. 

 Table 7: Offshore Wind Development and Its Impacts on Fishing Industry 

Period Key Negative Impacts on the Fishing industry 

Construction 
and Installation 

Increase in vessel traffic in ports due to increased use of ports by proposed 
project. 

Changes to the accessibility to/availability of fish in the area. 

Immobile or less mobile species and life stages (mollusks, fish/squid egg 
mops, larvae) that are unable to escape construction areas would be subject to 
greater mortality. 

Increased turbidity, noise, sediment deposition, water withdraw increase of 
mortality of certain (such as sessile and less mobile species and life stages 
mentioned above) and make the area less likely to attract fish. 
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Operations and 
Maintenance 

Changes to vessel transit routes. 

Gear incompatibility with fishing infrastructures can lead to loss in profits and 
damages on gear due to striking or hooking on the offshore wind 
infrastructure. 

Changes to the distribution/availability of fish in the area. 

Long-term habitat loss would occur as Vineyard Wind changes the condition 
of soft-bottom habitat which is habitat to mobile finfish and invertebrate 
species.  

Increased turbidity, noise, sediment deposition, water withdraw increase 
mortality of certain kinds of fish and make the area less likely to attract fish. 

Non-Routine Increased risk of collision between vessels or fishing vessel collision with 
offshore wind infrastructures, which might increase risk of oil spill or other 
discharges 

  

Although there is conflict between commercial fishers and offshore wind developers, the 
developers have taken actions to address these issues. In June 2018, commercial fishers in the 
northeast and Mid-Atlantic states who had concerns about offshore wind development formed the 
Responsible Offshore Development Alliance (RODA) to make sure that the fishing industry’s 
input would be received, considered, and accommodated in every process of new offshore wind 
development, which include leasing, design, construction, and operation. In January 2019, RODA 
and Ørsted U.S. Offshore Wind formed a partnership to improve the communication between the 
commercial fishing industry and the offshore wind developers. This partnership has been 
considered a key step in developing solutions for commercial fishing communities and offshore 
wind energy to coexist in the future.174 

Environmental Groups 
Both the Nature Conservancy and the North Carolina Coastal Federation support offshore wind, 
assuming the projects are appropriately implemented. They consider offshore wind a source of 
clean energy, which has potential to displace offshore oil and gas drilling.  

The N.C. Coastal Federation is concerned that the air gun blasting, associated with the seismic 
surveys used for oil and gas deposit discovery, will result in negative impacts on marine life. 
Studies have shown that the seismic activities can stun, disorient, and kill fish. The activities can 
also dramatically decrease the abundance of zooplankton, a main source of food for fish and baleen 
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whales.175 The Outer Continental Shelf Oil and Gas Leasing Program (National OCS Program) 
was proposed for oil and gas lease sales during 2019-2014, and the coastal federation worried it 
could be a disaster for the southeastern U.S. coast.176 With increased oil drilling, there is also an 
increased risk of an oil spill. On April 20, 2010, the Deepwater Horizon oil spill occurred in the 
Gulf of Mexico. Since then, approximately 10,000 spills in the gulf have been reported to the 
National Response Center.177 As the Trump Administration has proposed to open almost all federal 
waters to offshore oil and gas drilling, offshore wind development becomes more appealing as a 
clean energy source and alternative to offshore oil and gas drilling. 

Homeowners 
Coastal homeowners’ concern is mostly about impacts on aesthetic views, potential reduction in 
coastal property values, and possible increase in electricity bills. The Cape Wind case 
demonstrated how inappropriate offshore wind project siting can result in severe protest from 
coastal homeowners. In Kitty Hawk, N.C., where a new offshore wind project was leased, the 
public has expressed concerns about the negative impacts on tourism due to the impacts on 
aesthetic views. However, after Cape Wind, legislation forbid offshore wind to be developed any 
closer to shore than ten miles, which helps alleviate negative impacts on aesthetic views and 
potential decreases in coastal property values.  

5.4 Perception Bias: Social and Individual Gaps 
Despite the cases of opposition towards offshore wind described above, many surveys reveal that 
the majority of respondents in the U.S. have positive perceptions of offshore wind. Surveys 
designed to capture public attitudes toward offshore wind in New England show that around 80-
90% of the respondents residing in this area are supportive.178 Moreover, researchers from the 
University of Delaware and University of Hawaii analyzed surveys of residents who live near two 
proposed offshore wind sites, Cape Wind and Bluewater Wind. The surveys were conducted in 
2009, and the researchers compared the survey results with those in 2005 and 2006. They found 
that residents living near Cape Wind seem to have a better understanding about offshore wind in 
2009, after years of planning, multiple community meetings, and the completion of a second 
extensive environmental impact statement (EIS). Compared with the survey results in 2005 and 
2006, the public’s perceived negative impacts on local fish industries, tourism & related business, 
and aesthetics of ocean view decreased in both regions, but the residents believed negative impacts 
on electricity bills increased. In general, in 2009, majority of the respondents, about 57% were 
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supportive of the offshore wind project and about 80% of respondents in Delaware were positive 
of offshore wind development.179 

However, there is often a “social gap” between reported high support rates for wind energy and 
actual low rates for successful development of offshore wind farms. “Individual gaps” are also 
observed when a person’s general support becomes opposition when the project is proposed or 
implemented locally.180 The main psychological and social factors influencing public perception 
of wind industries and driving the “social gap” include NIMBYism, or “Not in My Backyard.” In 
the case of offshore wind development, this is sometimes NIMSBY-ism or “Not in My Second 
Backyard”, as many coastal landowners do not live full-time in those properties. Other reasons for 
the gap include pluralistic ignorance, and false consensus. 

“NIMBYism” is usually used by developers and the media to describe the phenomenon where 
local people are opposed to projects, such as offshore wind projects, without specifying the reasons 
for opposition. Researchers from the University of Exeter conducted a study showing that 
NIMBYism could be explained by place attachment, or symbolic meaning associated with the 
place and the proposed project, in the case of offshore wind in the U.K. The research was 
conducted in two coastal towns in North Wales approximately nine miles from Llandudno and 
Colwyn Bay, the site of an offshore wind farm. It was found that the residents in the two towns 
had different responses to the same offshore wind project. The findings suggested that how the 
wind farm project was interpreted played a key role in shaping people’s attitudes of wind farms. 
When the wind project was interpreted as a threat, the coastal residents with strong place 
attachment tended to have oppositional attitudes and behavior. The research also suggests that 
levels of trust in key organizations significantly affected people’s attitudes (support/oppose) to 
offshore wind development.181 

Pluralistic ignorance is a cognitive bias that happens when an individual does not agree with an 
opinion or engage in a behavior but incorrectly assumes that most other people do. Partial 
pluralistic ignorance means that individuals incorrectly assume that a substantial minority182 has 
an opposite idea.183 Pluralistic ignorance could create a ‘silencing effect’ where people are less 
willing to discuss a topic if they believe many people oppose to the idea.184 In contrast, false 
consensus effect describes a bias with which individuals overestimate the number of people who 
share the same beliefs. This phenomenon often happens to minority groups or individuals who 
engage in less common behavior.185 
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In the U.S., partisan divides can affect public opinions almost on every significant social, economic, 
and environmental issue.186 Preferences for energy development are often associated with the 
controversial topic of climate change. Democrats are more supportive of energy development 
projects by conceiving them as tools to mitigate climate change,187 while Republicans generally 
prefer developing fossil fuels.188 

To learn the impacts of the cognitive biases mentioned above on offshore wind public perception, 
researchers at the University of Massachusetts Amherst and the University of Rhode Island 
conducted two studies in 2016. In Study One, 109 participants living in New England filled out 
surveys about renewable energy, with 89 participants providing complete information.189 The 
survey asked the participants to provide their opinions on the general idea of offshore wind and 
estimate the percentage of the residents who support offshore wind. The results show that the 
supporters in the sample were affected by partial pluralistic ignorance by overestimating the 
opposition level in the region. The findings also suggested a false consensus effect among the 
opponents because the opponents severely underestimated the number of supporters of the 
technology. However, as the number of the opponents in the sample is only six, the researchers 
suggest a possibility of the false consensus effect without drawing a strong claim on it. 

Study Two was conducted on Block Island. 429 participants responded to the survey, and 76% of 
respondents were visitors. Aside from asking similar questions to Study One, Study Two also 
asked the participants to estimate the percentage of Democrats and Republicans that were 
supportive of the offshore wind project. The results show that 52% of Block Islanders and 61.8% 
of visitors to the island supported the offshore wind project. Both pluralistic ignorance and false 
consensus effects were found; participants who supported offshore wind overestimated the number 
of opponents (pluralistic ignorance), and participants who opposed the offshore wind project 
underestimated levels of support (false consensus effect). The study also found that people with 
different political affiliations perceived support among political partisans differently: Democrats 
estimated large political disparity in supporting the project, regardless of their own opinion. They 
all estimated that democratic supporters would outnumber republican supporters. Republicans who 
opposed the project also estimated this gap whereas republicans who supported the project 
perceived that the number of Republican supporters will be slightly more than the Democratic 
supporters. 

These biases can also lead to a discrepancy between the developers’ imagined public opinions and 
actual public opinions, thus affecting the effectiveness of the developers’ effort in 
engaging/communicating with the public. For example, there is descriptive evidence showing that 
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developers of renewable energy projects tend to interact more with “vocal minorities” who are 
opposed to the projects rather than with supportive “silent majorities.”190 

Further research has shed light on how a community’s view on offshore wind might change with 
different ownership structures. A Duke University Bass Connection project conducted preliminary 
surveys in 2016 to study how change in ownership of offshore wind farms and shared community 
benefits could potentially impact public perception of offshore wind. The surveys were distributed 
on Amazon Mechanical Turk, and the respondents were restricted to people residing in eastern 
coastal states. The findings suggest that community acceptance rates increased when transitioning 
from private-sector-led model to the community ownership model. The study suggests that public 
opposition decreases as community benefits or community ownership is introduced. 

5.5 Recommendations and Next Steps 
Most important to proactively addressing opposition is having early conversations with 
stakeholders, before development, and building trust with local communities. It was only after the 
failure of Cape wind that the legislation only permitting projects at least 10 miles away from the 
shore was passed. If the conversation had started early with the potentially affected groups, the 
failure of the project due to these mounting concerns could have been prevented. Interested States 
and offshore wind developers can regularly schedule stakeholder meetings and organize 
discussions involving presentations from a wide range of experts. As demonstrated in the case of 
the Block Island Wind Farm, these are effective approaches to build trust with affected groups and 
increase the acceptance rate of offshore wind projects.  

Secondly, there must be a continued monitoring and collection of data to address fear of the 
unknown. Although offshore wind development is successful in Europe, the situation on the 
southeast U.S. coast is different. Learning from existing offshore wind sites and putting learned 
lessons to use for new ones will be key to the success of the industry, especially when it comes to 
environmental impacts and best practices. 

Lastly, it is important to provide objective information to the public about the community’s attitude 
towards new projects to shape a better public discourse or debates over offshore wind energy 
development. This is especially important when the community’s attitude can possibly influence 
an individual’s opinion. Exposing public attitudes to community and state stakeholders can help 
reduce bias on the perception of offshore wind caused by pluralistic ignorance and false consensus. 
In addition, to create a platform to conduct relevant research and distribute more objective 
information to the public, there should be workshops or a use of media to educate the public about 
the advantages and disadvantages of offshore wind. Additionally, the public must be allowed to 
engage and participate in the discussion. Creating a channel for the public to voice their concerns 
and to involve relevant agencies can help address the public’s concern and can be a great solution 
to mitigate conflicts. These measures can also prevent the silence effect and provide an angle to 
better assess the potential consequences of offshore wind projects. 
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6. Conclusions 
Modeling results strongly indicate that the cost of offshore wind will be the key factor in 
determining the extent of future development in the Southeast. Unless forced by an offshore 
mandate, none of the high cost scenarios resulted in any offshore capacity. Even in the low-cost 
scenarios, capacity was not added until the mid to late 2030s when prices had decreased 
considerably from current levels. 

This suggests that any policy measures that help decrease costs for developers would likely be 
effective. This could be a tax credit similar to those that other renewable technologies have 
benefitted from before they gained maturity in the U.S. market. Support for regional supply chain 
improvements or R&D could also accelerate cost decreases. Whatever the measure, it is clear that 
for offshore wind to be viable in the Southeast, costs will have to reach the lowest end of the range 
we modeled.  

Of the policy options that did not directly affect costs of electricity, the offshore mandate was the 
most effective. If costs remain above the bottom of the projected range, this is likely the only way 
to ensure that offshore capacity will be built in the region before 2040. In the scenario with low 
costs, the model showed a larger capacity than in any other run. By forcing the displacement of 
other resources earlier, offshore wind already had a foothold in the market when costs reached a 
point where building more capacity made economic sense. These policies are not new in the region. 
North Carolina implemented its own solar tax credit that led to the second highest installed 
capacity in the country. In addition, it has carve-outs for specific technologies such as solar and 
waste to energy systems in its RPS.  

However, the future deployment of offshore wind is not solely dependent on costs and regulations. 
The failure of the Cape Wind project in Massachusetts reveals the importance of stakeholder 
management. Public opinion and stakeholder analysis show that it is critical to begin 
communications with groups that have an interest in the project early. In addition, continued 
monitoring and data collection surrounding issues such as local fish populations are key to making 
these discussions objective.  


