
 
 

 

 
 

 
 

 
 

 

  

  

  

 

 
 
 
 

 
 

 

Nags Head, North Carolina, participated in the Energy Technology Innovation Partnership Project’s (ETIPP’s) first cohort of communities. 

Photo from the Town of Nags Head 

Overcoming Resilience 
Challenges on the Outer 
Banks of North Carolina 

In 2021, the Town of Nags Head, located in 

the Outer Banks region of North Carolina, 

was among the first cohort of coastal and 

island communities to participate in the U.S. 

Department of Energy’s Energy Technology 

Innovation Partnership Project (ETIPP). 

ETIPP offers technical assistance and cash 

awards to competitively selected coastal, 

remote, and island communities seeking to 

upgrade their energy systems and increase 

their energy resilience. As a barrier island 

separated from mainland North Carolina, 

Nags Head experiences impacts from 

natural weather hazards, including power 

outages, especially during hurricane season. 

Frequent and extended power outages can have 
severe negative consequences for residents, 
businesses, and the overall economy of Nags Head, 
particularly given the overlap between peak tourist 
season and hurricane season and the town’s physical 
disconnection from the mainland. These overlapping 
conditions present unique challenges for the town, 
including: 

• Seasonal peaks in energy demand that occur 
simultaneously with maximum risk of outages 

• Limited and vulnerable electricity distribution 
infrastructure 

• Complex emergency response and administrative 
services 

• Loss of tourism and business revenue. 

The Town’s ETIPP Goals 
To address these challenges, the Nags Head community 
team sought to improve the town’s disaster resilience 
by ensuring that critical facilities can remain powered 
during and after extreme events. The team recognized 
that this requires varying its power infrastructure to 
include interconnected energy generation sources, as 
well as improvements in energy efficiency. 



 
 

 
 

   
 

  
 

  
 

  

   

  

 
 
 
 
 

 
 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 
 

 
 

 
 

 

   

   
 

 

  

  

  
 

 

  
 

  
  

 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

With support from experts at Sandia National 
Laboratories, the National Renewable Energy 
Laboratory (NREL), and the Coastal Studies Institute, 
the community team identified the following goals for 
its participation in ETIPP: 

1. Identify and prioritize critical facilities that, 
when powered during disruptions, support the 
town’s resilience. 

2. Analyze the potential for on-site solar photovoltaic 
(PV) and storage systems at 2–4 prioritized critical 
facilities owned and/or operated by the town. 

3. Analyze the potential for interconnecting solar 
PV and storage systems at a cluster of public and 
privately owned facilities into a resilient microgrid. 

4. Explore finance options and utility interconnection 
requirements and compensation mechanisms. 

5. Summarize outcomes and next steps for 
town leadership. 

Prioritizing Critical Facilities 
for Resilience 
The prioritization analysis identified hurricanes and 
flooding as the primary threats to the power grid 
and evaluated critical service infrastructure such 
as hospitals and grocery stores according to the 
measurable benefits they provide to surrounding 
residents in different income categories. To identify 
facilities that have an outsized impact on residents, 
the Social Burden metric developed by the National 
Renewable Energy Laboratory and Sandia National 
Laboratories was used to assess the relative impact 
of critical infrastructure that relies on the Nags Head 
power system. 

Social burden quantifies the relative difficulty that 
residents within an area experience when trying 
to reach and acquire critical services provided by 
infrastructure assets. Input data for calculating social 
burden includes infrastructure assets and sites, 
location-specific critical service provision, travel 
distances to critical services, and the relative ability 
of each person in the system to obtain these services. 
This analysis enables decision makers to assess the 
most impactful facilities. 

Prioritized municipal facilities included the Nags 
Head Municipal Complex, public works facility, water 
distribution plant, and fire department, with the goal 
of achieving 48–72 hours of backup power for each of 
these facilities during a power outage. Varying energy 
system designs for each of these facilities, as well as 
for a larger community microgrid that included both 

public and privately owned sites, were modeled based 
on four separate scenarios: 

• Business-as-usual: No on-site generation 
or storage. 

• Cost-savings: What solar PV + battery system 
size and configuration minimizes electricity costs 
over 25 years? 

• Net-zero: What solar PV+ battery system reduces 
the site’s net electricity-related emissions to zero? 

• Resilience: 

- Solar PV-battery only: What solar PV + battery 
system size and configuration can support 
50% of the site’s loads for a 48-hour outage in 
September at least cost? 

- Solar PV-battery-generator: What solar PV 
+ battery + diesel generator system size and 
configuration can support 50% of the site’s 
loads for a 48-hour outage in September at 
least cost? 

Analyzing On-Site Energy 
Systems 
Individual solar PV and storage systems can save the 
town money on energy bills at the municipal complex, 
fire department, and water distribution plant. The 
size of each system impacts the costs, savings, 
emissions reduction, and backup energy available 
during disruptions. 

While the upfront cost of developing community 
microgrids can be relatively high, investing in a 
microgrid at multiple co-located facilities (the 
municipal complex, fire department, hospital, and 
two grocery stores) would help justify the cost from 
the community perspective by ensuring that a varied 
set of critical services are available for as many as 
72 continuous hours during and following natural 
weather hazards, while also helping to advance other 
community goals related to reducing emissions, 
improving resilience, supporting the economy, and 
lowering long-term energy costs. 

The possible degradation and efficiency issues caused 
by local climate conditions can be mitigated during 
the design, procurement, and installation phases of a 
solar project. There are solar panel materials and site 
preparation techniques designed specifically to resist 
humidity and corrosion in humid areas. NREL’s REopt 
tool is a technoeconomic model designed to establish 
the feasibility of a project in its earliest phases. The 
Nags Head analysis uses a national default degradation 



rate of 14%. If Nags Head decides to move forward 
with a solar installation, and increased degradation 
rates are calculated during the design phase, 
the town may address these degradation issues 
through technology and installation choices such 
that the project still falls within the range of 
cost-effectiveness values established in the 
REopt analysis. 

Results for individual critical facilities 

Table 1. Results Summary: Cost-Optimal Systems 

Cost Savings 
Scenario 

Municipal 
Complex 

Public 
Works 
Facility 

Water 
Plant 

Fire 
Department 

 

 

 

  
 

 

  
 
 
 

  
 
 

 

  

 
 

 
Solar PV 17 31 136 14 
capacity 
(kW-DC) 

Battery power 
capacity (kW) 

0.54 0.80 6.60 0.52 

indicate: 
1. Systems sized to create net-zero energy 

use at the municipal complex, the water 
distribution plant, and the fire department will 
save the town money over 25 years. 

2. Solar resilience systems using battery 
storage increase energy costs at every site 
by 12%–26% due to the cost of the battery 
system required for backup power during a 
48-hour grid outage. 

3. Resilience systems using generators are a 
lower-cost option, but generator malfunctions 
and unreliable fuel supply during major storms 
create issues with this solution. 

4. Systems designed for cost savings across the 
four facilities, resulting in a combined 198 kW-
DC of solar PV and 8.5 kW/11 kWh of battery 
storage, could provide $53,000 in net present 
value throughout the 25-year analysis period. 

Battery 0.71 1.1 8.7 0.69 
energy 
capacity 
(kWh) 

Annual 
percent RE 
electricity 

100% 100% 100% 100% 

Net Present $33,000 ($6,000) $2,000 $24,000 
Value 

Note: Solar PV and battery storage appears cost effective at all 
sites except the Public Works Facility. However, optimal battery 
sizes are quite small for sites 1, 2, and 4 and may not be practical. 

Over 25 years, the development of a 
community microgrid saves the Town of 
Nags Head 20%, compared with the cost 
of developing five separate systems at the 
clustered facilities. 

Figure 1. Summary of results comparing the cost and benefits of constructing individually sited microgrids at selected municipal 
facilities versus connecting five critical public and privately owned sites into a single community microgrid. While the 25-year 
energy costs for all microgrid configurations are higher than for business-as-usual (BAU), ensuring access to critical services 
during outages adds value that BAU does not offer. Figure from Sandia National Laboratories and National Renewable Energy Laboratories 



An aerial view of Nags Head, North Carolina. Photo from Shutterstock 

Results for a community microgrid 
indicate: 

1. While individual solar resilience systems at all 
five facilities in the cluster cost ~$4 million and 
decrease emissions by 66%, integrating all five 
systems into a community microgrid costs $7 
million and reduces emissions by 89%. 

2. Despite the increased upfront cost, over 25 years, 
the development of a community microgrid saves 
the Town of Nags Head 20%, compared with the 
cost of developing five separate systems at the 
clustered facilities. 

Summary of Next Steps for  
Nags Head 
Project results indicate that implementing either 
individual on-site energy systems or a community 
microgrid to power critical facilities could achieve the 
Town of Nags Head’s goals of resilience, and long-
term cost savings. The town may consider taking the 
following next steps: 

1. Contract for on-site solar PV and battery energy 
storage assessments to determine more accurate 
siting and structural capabilities, generation 
potential, and setback requirements (if applicable) 
at the four municipal critical facilities studied. 

2. Pursue solar PV and storage systems designed to 
create systems sized to offset 100% of energy use 
at the fire station and municipal complex. 

3. Continue engaging Dominion Energy and 
community members to build consensus for 
connecting the Outer Banks Hospital, Fresh 
Market, and Food Lion into the fire station and 
municipal complex systems to form a resilient 
community microgrid. 

4. Work with academic institutions, such as the NC 
Clean Energy Technology Center at North Carolina 
State University, to complete additional analyses 
required to implement the community microgrid 
studied. 

5. Explore federal funding opportunities for 
distributed energy resources, battery storage, and 
grid resilience, including (but not limited to): 

• Federal Emergency Management Agency 
Building Resilient Infrastructure and 
Communities program 

- Read the Federal Emergency Management 
Agency’s National Resilience Guidance: www. 
fema.gov/sites/default/files/documents/fema_ 
national-resilience-guidance_august2024.pdf 

• Programs announced under the Greenhouse 
Gas Reduction Fund, such as Solar for All. 

For more information, visit: nrel.gov/state-local-tribal/ 
energy-technology-innovation-partnership-project 
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