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1.0 Background 

Natural disasters and extreme weather events have increased in both frequency and magnitude 

over the past several years. For the U.S., in 2021, US natural disasters caused $145B in 

economic damage and 20 weather events each had economic losses that totaled more than 

$1B.1 In West Virginia, floods, derechos and ice storms prompted the Federal Emergency 

Management Agency (FEMA) to establish a permanent federal response team in the state.2 In 

West Virginia, these extreme weather events contribute to increased and erratic rainfall and 

flooding and are increasing in both frequency and economic impact, causing damage to the 

electrical system and disruption to the power supply, and disproportionately affecting 

underserved communities.  
 

Figure 1. 1 - U.S. 2021 Billion-Dollar Weather and Climate Disasters 

 

 
Source: U.S. National Oceanic and Atmospheric Administration, Billion-Dollar Weather and Climate Disasters (2022) 

 

Outages are a major contributor to economic loss that can be mitigated with microgrids. The 

U.S. Department of Energy (DOE) defines a microgrid as óóa group of interconnected loads and 

distributed energy resources within clearly defined electrical boundaries that acts as a single 

controllable entity with respect to the grid. A microgrid can connect and disconnect from the grid 

                                                
1 U.S. National Oceanic and Atmospheric Administration (NOAA), Billion-Dollar Weather and Climate 

Disasters (2022). 
2 West Virginia Public Broadcasting, FEMA Makes W.Va. Disaster Response National Priority (2022). 

https://www.ncei.noaa.gov/access/billions/
https://www.ncei.noaa.gov/access/billions/
https://www.wvpublic.org/government/2022-03-21/fema-makes-w-va-disaster-response-national-priority
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to enable it to operate in both grid-connected or island-mode.  Microgrids may be considered as 

an option, but not viewed as a solution in and of themselves.  Microgrids represent one tool in 

the toolbox to help communities respond to and recover from grid outages. They can provide 

critical infrastructure with power in the event of a major grid outage. This can be accomplished 

via the strategic deployment of distributed energy resources (DERs) to provide electrical service 

to critical infrastructure and reduce the impact on the community. The deployment strategies 

contained within this study are threat specific - natural hazards - and solution specific - 

microgrids. Microgrids can be used to bolster resilience of communities affected by power 

outages due to a natural disaster or extreme weather event. They may allow communities to 

ride-through outages by incorporating localized generation and other DERs that can connect 

and disconnect from the traditional power grid to serve multiple entities (or loads).3  

 

Figure 1. 2 - Typical Microgrid Components 

 
Source: Smart Electric Power Alliance, 2020 

 

The primary value of a microgrid for resilience is its ability to ñislandò, or disconnect from the 

traditional power grid, and operate independently during a grid outage or disturbance.4 When 

strategically located, this function enables microgrids to provide increased resilience to critical 

infrastructure. 

 

Microgrids offer an opportunity to increase both system reliability and resilience through its 

ability to ñislandò from the traditional power grid. The North American Electric Reliability 

Corporation defines operating reliability as ñthe ability of the Bulk-Power System to withstand 

sudden disturbances, such as electric short circuits or the unanticipated loss of system 

elements from credible contingencies, while avoiding uncontrolled cascading blackouts or 

damage to equipmentò.5 

 

                                                
3 U.S. Department of Energy (DOE), DOE Microgrid Workshop (2011). 
4 Smart Electric Power Alliance, The Microgrid Playbook: Community Resilience for Natural Disasters, p. 

5 (2020). 
5 The North American Electric Reliability Corporation, Reliability Terminology, (2020). 

https://www.energy.gov/sites/prod/files/Microgrid%20Workshop%20Report%20August%202011.pdf
https://sepapower.org/resource/the-microgrid-playbook-community-resilience-for-natural-disasters/
https://www.nerc.com/AboutNERC/Documents/Terms%20AUG13.pdf
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There are many different definitions of resilience but Lawrence Berkeley National Labs defines 

resilience as ñthe ability to prepare for and adapt to changing conditions and withstand and 

recover rapidly from disruptions. Resilience includes the ability to withstand and recover from 

deliberate attacks, accidents, or naturally occurring threats or incidents.ò6 Similar to how 

resilience can encompass many different definitions (e.g., events, challenges, etc.), each 

microgrid is unique ï there is no ñone-size-fits-allò approach since every scenario and site will 

have its own specific needs and purpose. 

 

U.S. state-level resilience activities are on the rise (see Figure 1.3 below). State energy offices 

are launching programmatic initiatives for state funding opportunities for microgrid feasibility 

studies, microgrid financing programs, and conducting stakeholder outreach for microgrid 

projects. Likewise, public utility commissions are launching regulatory efforts focused on 

facilitating the commercialization of microgrids to forward resilience goals, such as developing 

tariffs, refining definitions, gaining a better understanding of the value of resilience, and 

convening stakeholder working groups.  

 

Figure 1. 3 - U.S. State-Level Resilience Activities 

 
Source: EPRI, 2021 

 

The analysis conducted in the study is intended to support the West Virginia Office of Energy 

(WVOE) and key stakeholders in the state to identify state and federal funding opportunities for 

microgrid projects. The study analysis also provides a better understanding as to which 

communities within West Virginia may benefit the most from grant funding and investments into 

resilience projects. 

                                                
6 Lawrence Berkeley National Labs, Quantifying grid reliability and resilience impacts of energy efficiency: 

Examples and opportunities, p.4 (2021) 

https://eta-publications.lbl.gov/sites/default/files/ee_reliability_resilience_2021_12_03.pdf
https://eta-publications.lbl.gov/sites/default/files/ee_reliability_resilience_2021_12_03.pdf
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As part of the Disaster Recovery Reform Act of 2018, the Federal Emergency Management 

Agency (FEMA) was authorized to develop and implement the Building Resilient Infrastructure 

and Communities (BRIC) grant program.7 The BRIC program is designed to promote a national 

culture of preparedness through supporting states, local governments, tribes, and territoriesô 

hazard mitigation projects.8 FEMA has been authorized to set aside 6 percent of the aggregate 

post disaster federal grants provided each year to fund the program.9 In 2021, total BRIC 

funding was $1.16B representing a significant opportunity for West Virginia to apply for grants to 

implement microgrid projects from the sites identified in this study. Funding can be leveraged by 

state and local government entities for technical assistance such as partnership development, 

project scoping, and mitigation planning to progress microgrid projects from concept to 

implementation. 

 

The Infrastructure Investment and Jobs Act (IIJA), signed into law in November of 2021, made 

$13.5B in funding available for microgrid-relevant programs that prevent outages and enhance 

the resilience of the grid, support electric grid reliability and resilience research, development 

and demonstration, and facilitate the deployment of transmission facilities that can include 

microgrids. This funding represents another mechanism available to West Virginians to 

implement microgrid projects for the sites identified in this study. 10 

 

The Inflation Reduction Act, which was signed into law in August 2022, adds additional funding 

for microgrid-relevant programs. In addition to extending the federal investment tax credit (ITC) 

and production tax credit (PTC) at their full credit rates for eligible facilities until 2034, the act 

also establishes standalone energy storage and microgrid controllers as qualifying systems 

eligible for the ITC. Furthermore, $3 billion in funding will be invested in community-led projects 

in disadvantaged communities to address environmental and public health harms related to 

pollution and climate change by funding climate resiliency solutions. The funding and tax credits 

from this law are additional financial tools that key West Virginia stakeholders can leverage to 

implement microgrids and prioritize disadvantaged communities.  When paired with IIJA, these 

policies and funding can support entities, including states, cities, utilities and large energy users, 

who have made commitments to aggressive carbon-reduction goals and have resilience needs. 

 

The White Houseôs Justice40 initiative was an important consideration for how this study can 

target areas that have been traditionally underserved and impacted disproportionately by natural 

hazards and outages. The Justice40 initiative states that 40 percent of the benefits from federal 

clean energy and energy efficiency investments flow to disadvantaged communities. Various 

factors define disadvantaged communities according to the U.S. Department of Energy (DoE) 

and Department of Transportation (DoT) such as fossil dependence, energy burden, 

environmental and climate hazards, and CDC vulnerability factors as well as access to 

                                                
7 Federal Emergency Management Agency (FEMA), Disaster Recovery Reform Act (DRRA) (2019) p. 6 
8 FEMA, Building Resilient Infrastructure and Communities (BRIC) (2021)  
9 FEMA, Disaster Recovery Reform Act (DRRA) (2019) p. 6 
10 Congress, H.R.3684 - Infrastructure Investment and Jobs Act (IIJA) (2021) 

https://www.fema.gov/sites/default/files/2020-07/fema_DRRA-annual-report_2019.pdf
https://www.fema.gov/grants/mitigation/building-resilient-infrastructure-communities
https://www.fema.gov/sites/default/files/2020-07/fema_DRRA-annual-report_2019.pdf
https://www.congress.gov/bill/117th-congress/house-bill/3684/text
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transportation, health, environmental, economic, resilience, and social factors.11 As a part of the 

Justice40 initiative, the U.S. DOE/DOT developed a joint disadvantaged communities map that 

uses publicly available data sets12 to display the factors they identified that define 

disadvantaged communities. 

 

The objectives of this study are to: 

ǒ Identify areas of the state and specific sites where WVOE can facilitate the deployment 

of microgrids and other solutions for resilience 

ǒ Understand how natural hazard risks, critical infrastructure, disadvantaged communities 

and community interest align with utility operations and planning to establish tiers of 

resilience need and microgrid suitability across the state 

ǒ Engage with key stakeholders to collect relevant datasets and input to conduct a 

comprehensive microgrid suitability and economic assessment 

ǒ Align with the White Houseôs Justice40 Initiative, FEMA BRIC program, IIJA, and other 

federal and state funding opportunities for enhanced grid and community resilience 

 

  

                                                
11 The White House, Executive Order on Tackling the Climate Crisis at Home and Abroad (2021) 
12 https://anl.maps.arcgis.com/apps/webappviewer/index.html?id=33f3e1fc30bf476099923224a1c1b3ee  

https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/
https://anl.maps.arcgis.com/apps/webappviewer/index.html?id=33f3e1fc30bf476099923224a1c1b3ee
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2.0 Executive Summary 

The West Virginia Office of Energy (WVOE) contracted with the Smart Electric Power Alliance 

(SEPA) to conduct a microgrid study to identify opportunities for deploying microgrids to 

increase the overall resilience for the state of West Virginia.  

 

SEPA takes a three-phased approach when prioritizing and evaluating potential microgrids for 

resilience. 

 

Landscape Review to Collect Data and Input 

The landscape review is data and stakeholder-driven. It consists of engaging a group of diverse 

stakeholders to enrich the microgrid deployment process by working collaboratively to socialize 

ideas, collect data and solicit input.  For a full list of stakeholder organizations, see Table 7.1 in 

the Appendix. 

 
The landscape review process includes the development of an inventory of natural hazard risks 

and critical infrastructure types (see Table 2.1), as well as the identification of microgrid 

suitability criteria and metrics to be used in the analysis (see Table 2.2). 
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Table 2. 1 - List of Prioritized Natural Hazard Risks and Critical Infrastructure Types 

Natural Hazard Risks   Critical Infrastructure Types 

Floods Extreme Heat 
  Hospitals 

Law Enforcement 
Facilities 

Extreme Cold & Winter 
Storms 

Tornadoes 
  

Other Healthcare 
Facilities 

Gas Stations 

Wind Wildfires 
  

Water and Wastewater 
Treatment Facilities 

Grocery Stores 

Landslides Earthquakes 
  Emergency Services 

Convenience 
Stores 

    Community Centers Education Facilities 

 

    Military Installations 

GIS Microgrid Suitability Analysis 

The GIS microgrid suitability analysis is a geospatial analysis to prioritize potential microgrid 

locations and sites based on factors such as critical infrastructure and natural hazard risks, 

energy equity and environmental justice, and utility planning and operations. 

 

The GIS microgrid suitability process selects a group of prioritized microgrid locations from a 

complete list of critical facilities across West Virginia (see Figure 2.1). 
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Figure 2. 1 - GIS Microgrid Suitability Process Overview 

 
Source: Smart Electric Power Alliance, 2022 

 

The GIS microgrid suitability process prioritizes these potential microgrid locations based on the 

suitability criteria and metrics outlined below in Table 2.2.  For more detailed information 

regarding the suitability criteria and metrics, see section 4.0 GIS Microgrid Suitability Criteria. 
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Table 2. 2 GIS Microgrid Suitability Analysis 

Suitability Category Criteria and Metrics Data Source 

Pre-Screen Already has or is required to 
have back-up sources of power 

generation 

ǒ National Fire Protection 
Association  

ǒ American Red Cross 
ǒ U.S. DoD Army Directive  

 

Critical Infrastructure & 
Natural Hazard Risks 

Serves critical infrastructure (see 
Table 2.1) 

ǒ WV Health Care Authority 
& Primary Care 

Association 
ǒ Homeland Infrastructure 

Foundation-Level (HIFLD) 
ǒ American Red Cross 
ǒ The Homeland Security 

Infrastructure Program 
(HSIP) 

ǒ WV Division of 
Emergency Management 
ǒ Data Axle 

ǒ Healthcare Education 
Foundation of West 

Virginia 
ǒ WV Office of Emergency 

Services 
ǒ WV Department of 

Education 
ǒ WV Department of 
Environmental Protection 

ǒ WV GIS Technical Center 
 

Serves a facility that dually 
functions as a designated 

emergency shelter 

ǒ WV Division of 
Emergency Management 

ǒ HSIP 
ǒ HIFLD 

ǒ American Red Cross 
 

Located within a census tract 
with a high combined annualized 

frequency of the prioritized 
natural hazard risks (see Table 

2.1) 

ǒ FEMA NRI Index 

Located near high risk flood 
zones (A, AE, AH, AO) 

ǒ FEMA National Flood 
Hazard Layer 

Energy Equity & 
Environmental Justice 

Located within a census tract 
with a high population density 

ǒ West Virginia Population 
Density by County 

https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=110
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=110
https://www.google.com/url?q=https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/ARN21689_AD2020_03_FINAL_Revised.pdf&sa=D&source=docs&ust=1655407749694111&usg=AOvVaw0jzYLbL5ffZ3rIKx4W-8AO
https://wvgis.wvu.edu/data/dataset.php?ID=290
https://wvgis.wvu.edu/data/dataset.php?ID=290
https://wvgis.wvu.edu/data/dataset.php?ID=290
https://hifld-geoplatform.opendata.arcgis.com/datasets/national-shelter-system-facilities/explore?location=38.595619%2C-80.212417%2C8.60
https://hifld-geoplatform.opendata.arcgis.com/datasets/national-shelter-system-facilities/explore?location=38.595619%2C-80.212417%2C8.60
http://wvgis.wvu.edu/data/dataset.php?ID=407
http://wvgis.wvu.edu/data/dataset.php?ID=407
http://wvgis.wvu.edu/data/dataset.php?ID=407
http://wvgis.wvu.edu/data/dataset.php?ID=499
http://wvgis.wvu.edu/data/dataset.php?ID=499
http://wvgis.wvu.edu/data/dataset.php?ID=257
http://wvgis.wvu.edu/data/dataset.php?ID=257
http://wvgis.wvu.edu/data/dataset.php?ID=503
http://wvgis.wvu.edu/data/dataset.php?ID=503
http://wvgis.wvu.edu/data/dataset.php?ID=175
http://wvgis.wvu.edu/data/dataset.php?ID=175
http://wvgis.wvu.edu/data/dataset.php?ID=175
http://wvgis.wvu.edu/data/dataset.php?ID=499
http://wvgis.wvu.edu/data/dataset.php?ID=499
http://wvgis.wvu.edu/data/dataset.php?ID=407
https://hifld-geoplatform.opendata.arcgis.com/datasets/national-shelter-system-facilities/explore?location=38.595619%2C-80.212417%2C8.60
https://hazards.fema.gov/nri/
http://wvgis.wvu.edu/data/dataset.php?ID=373
http://wvgis.wvu.edu/data/dataset.php?ID=373
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ǒ West Virginia Metropolitan 
Urban Areas from FEMA 

NRI Index 

Located within an at-
risk/distressed area 

ǒ Appalachian Regional 
Commission County  

Located within a U.S. DOE and 
U.S. DOT-defined disadvantaged 

community 

ǒ U.S. DOE 
ǒ U.S. DOT 

Utility Planning & 
Operations 

Located within an area with 
historically low distribution 

reliability statistics (e.g., SAIDI, 
SAIFI, CAIDI) 

ǒ West Virginia Public 
Service Commission 

Annual Reliability 
Reporting 

ǒ WV Division of Natural 
Resources 

Serves a customer designated 
as a utility-defined essential 

customer 

ǒ Appalachian Power 

Located within 10-mile radius to 
transmission substations with 

frequent unscheduled 
emergency outages 

ǒ PJM Outage Information 

Source: Smart Electric Power Alliance, 2022 

 

Communicating Microgrid Suitability through ArcGIS StoryMaps. SEPA leveraged Esriôs 

ArcGIS StoryMaps platform13 to share the results of the census tract resilience needs analysis. 

That analysis determined tiers (Tier 1 - high potential, Tier 2 - moderate potential, and Tier 3 - 

low potential) of microgrids for resilience potential by census tracts. For more detailed 

information regarding the scoring methodology and distribution of census tract tiers, see section 

4.0 GIS Microgrid Suitability Criteria. 

 

To provide viewers with more context for the results of the analysis, the resource14 guides 

viewers through each overarching criteria category used in the calculation of resilience needs 

scores. Furthermore, users may scroll through background information and maps displaying 

each data layer within a criteria category. Overall, the story was designed to empower 

stakeholders to understand the results of the census tract resilience analysis on a deeper level.  

 

                                                
13 Esri is the company that developed the mapping software that SEPA uses in our geospatial analysis 
and communication of results. 
14 https://arcg.is/1vi1i41 

https://hazards.fema.gov/nri/
https://hazards.fema.gov/nri/
https://www.arc.gov/classifying-economic-distress-in-appalachian-counties/
https://www.arc.gov/classifying-economic-distress-in-appalachian-counties/
https://www.anl.gov/es/electric-vehicle-charging-equity-considerations
https://www.anl.gov/es/electric-vehicle-charging-equity-considerations
http://wvgis.wvu.edu/data/dataset.php?ID=395
http://wvgis.wvu.edu/data/dataset.php?ID=395
https://www.pjm.com/markets-and-operations/etools/oasis/system-information/outage-info
https://arcg.is/1vi1i41
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Figure 2. 2 - Snapshot of GIS Microgrid Suitability Story 

 
Source: Smart Electric Power Alliance, 2022 

 

GIS Microgrid Suitability and Resilience Needs Mapping. In addition to the story, SEPA 

created a publicly available mapping tool15. Users can layer in any data that informed the 

microgrid suitability geospatial analysis to one singular map. This functionality was designed to 

empower the user to view data, identify trends, and interpret results in a more interactive way. 

The goal of widespread accessibility to data and study results is that varied users from different 

sectors are encouraged to customize the map with data that is most relevant to them, and take 

away key findings that advance their own work, thus increasing the value of the study. 

 

                                                
15 https://arcg.is/09jeGG 

https://arcg.is/09jeGG
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Figure 2. 3 - GIS Microgrid Suitability and Resilience Needs Mapping by Census Tract 

 
Source: Smart Electric Power Alliance, 2022 

Microgrid Deployment Strategy 

The goal of the microgrid deployment strategy is to prioritize and evaluate potential microgrid 

sites and applications that are able to island critical loads within the most vulnerable areas of 

the state and have access to essential services during power outages.   

 

Determine Microgrid Applications and Terminology.  SEPA evaluated two specific 

applications of microgrid deployment: site-specific and community microgrid projects.  For more 

detailed information regarding the determination of microgrid applications and terminologies, 

see section 5.0 Microgrid Deployment Strategy. 

 

Prioritize Microgrid Locations.  Based on the prioritized microgrid locations, SEPA identified 

353 potential site-specific and 14 potential community microgrids. Maps of the distribution of 

prioritized site-specific and community microgrid deployments across the state are included 

below in Figure 2.4 and 2.5.      
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Figure 2. 4 - Prioritized Site-Specific Microgrid Locations 

 
Source: Smart Electric Power Alliance, 2022 
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Figure 2. 5 - Prioritized Community Microgrid Locations 

 
Source: Smart Electric Power Alliance, 2022 

 

The site-specific and community microgrid deployment strategies are neither mutually exclusive 

nor exhaustive.  Stakeholders are encouraged to utilize the GIS microgrid suitability tool and 

reference strategies within this study to develop a variety of deployment plans to achieve their 

desired objectives. 

 

Microgrid Design and Analysis. For each critical facility type, SEPA sized and performed 

comparative analysis for three different microgrid scenarios accounting for high-, mid-, and low-

renewable components with different cost projections and islanding capabilities. In order to size 

the microgrid scenarios for each critical facility type, SEPA examined the energy consumption of 

each facility type and proposed solar on-site generation that would offset 100% high-

renewable/net-zero), 75% (mid-renewable), or 25% (low-renewable) of the facilitiesô 

consumption on an annual basis. The illustrative example in Figure 2.6 below displays the 

estimated monthly energy consumption and proposed solar generation for high-, mid-, and low- 

renewable scenarios for a Grocery Store.  
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Figure 2. 6 - Illustrative Energy Consumption and Solar Analysis of a Critical Facility Type (Grocery Store) 

 
Source: Smart Electric Power Alliance, 2022 

 

Based on load and solar analysis, microgrid scenarios of solar PV, battery energy storage, and 

standby generation were developed. The high renewable scenario includes only solar PV 

generation and a battery energy storage system (BESS), which is able to provide 48 hours of 

renewable islanding capability albeit at a higher cost. The mid- and low- renewable scenarios 

offer less costly microgrid designs that propose smaller solar PV and BESS components that 

are able to provide reduced renewable islanding capabilities that are offset by natural gas 

standby generators to provide indefinite islanding capabilities16.  For more information on 

microgrid design and analysis see section 5.0 Microgrid Deployment Strategies. 

                                                
16 Indefinite islanding capabilities are reliant on natural gas supply.  In the event of a loss of supply 
through natural gas pipelines, the system is fully dependent on its solar and storage components for 
islanding capabilities.   
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Figure 2. 7 - Illustrative Comparative Analysis of Conceptual Microgrid Scenarios 

 
Source: Smart Electric Power Alliance, 2022 

 

The results from this study can and should be used by utilities, local and state governments, and 

other industry stakeholders to move from planning to the implementation phase of microgrid 

development. The analysis from this study should be supplemented with design and engineering 

work of the selected sites and applied to construct and install the microgrids. Potential next steps 

to build upon this microgrid study would be to conduct further engineering, and financial benefit-

cost analysis of particular sites. A key component of all microgrid development and 

implementation is comprehensive engagement with public and community stakeholders to 

facilitate the projectôs success. 
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3.0 Landscape Review  

Landscape review includes stakeholder engagement and data collection to initiate the study.  

The prioritization and evaluation of microgrids for resilience in West Virginia is stakeholder- and 

data-driven. 

Stakeholder Engagement 

 

To select microgrid locations that best serve the West Virginian community, SEPA worked 

closely with stakeholders to understand their needs and preferences, as it relates to emergency 

planning and critical facilities/services. SEPAôs goal was to ensure that stakeholders were 

engaged and educated on the analysis that could most benefit them.  The main objectives when 

engaging our stakeholders were to:  

ǒ Provide an overview of the data inputs for the study 

ǒ Collect input on additional data sources to inform our analysis 

ǒ Garner feedback on establishing site selection suitability criteria  

ǒ Provide stakeholders with a list of suitable microgrid sites and areas in the most need for 

resilience investments 

ǒ Provide stakeholders with a GIS-based toolkit to identify and prioritize microgrids for 

resilience opportunities across the state 

Summary of Stakeholder Meetings 

 

Stakeholder Meeting #1. The first stakeholder meeting was held January 24th, 2022 to kickoff 

the project for our stakeholders. This meetingôs objective was to create a space for stakeholders 

to get to know one another and provide input on the data collection phase of the study.  

Stakeholder organizations such as American Electric Power, Association of Counties, Chemical 

Alliance Zone, Consumer Advocate Division WV, Energy Efficient WV, FirstEnergy, Sierra Club 

WV Chapter, Solar Holler, West Virginia Office of Energy, West Virginia Public Service 

Commission, WV American Society of Heating and Air-Conditioning Engineers, and WV 

Emergency Management Agency participated in the discussion. Stakeholders provided input on 

prioritizing critical types of infrastructure and natural hazard risks, shown below. 
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Figure 3. 1 - Top Critical Types of Infrastructure 

 

Figure 3. 2 - Top Natural Hazard Risks 

 

Source: Smart Electric Power Alliance (2022) 

 

Stakeholder Meeting #2.  The second stakeholder meeting was held April 19th, 2022 to refine 

the data inputs for the study and to establish a finalized set of microgrid suitability criteria.  The 

meetingôs objective was to solicit input on the criteria for prioritizing and deploying potential 

microgrids.  Stakeholder organizations such as American Electric Power, Association of 

Counties, Chemical Alliance Zone, Consumer Advocate Division WV, Energy Efficient WV, 

FirstEnergy, Sierra Club WV Chapter, Solar Holler, West Virginia Office of Energy, West Virginia 

Public Service Commission, WV American Society of Heating and Air-Conditioning Engineers, 

and WV Emergency Management Agency participated in the discussion. Stakeholders 

determined that if a critical facility has existing backup generation, it should be deprioritized in 

the study.  It was determined that Hospitals and Military Installations were to be excluded from 

the analysis. 

Data Collection 

The following sections provide an overview of the data collection methodology. 

 

Analysis in this study was developed based on data collected by SEPA in three areas:  

ǒ Critical Infrastructure and Natural Hazard Risks 

ǒ Energy Equity and Environmental Justice  

ǒ Utility Planning and Operations 

Critical Infrastructure and Natural Hazard Risks 

SEPA developed a list of 1) critical facilities as defined by FEMA, community resilience facilities, 

government facilities, and essential businesses, 2) natural hazard risks, as defined by FEMAôs 

National Risk Index and National Flood Hazard Layer, and 3) facilities that dually function as 

designated emergency shelters to present to WVOE and key stakeholders.  Following several 

stakeholder meetings, SEPA, WVOE and key stakeholders finalized the list and identified the 
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relevant data necessary to conduct the study.  SEPA collected, consolidated, and cleaned all 

publicly available datasets relevant to inform the study and to include in the GIS-based mapping 

toolkit to prioritize and evaluate potential microgrids for resilience projects across the state. 

Critical Facility Types 

Table 3.1 below provides an overview of the data collected for each of these facility types. Details 

on the data sets for each of the above facilities is included in Appendix 1 
 

Table 3. 1 - Critical Infrastructure Data Collection Summary 

Critical 
Infrastructure 

Types 

Critical Infrastructure 
Data Source 

Critical Infrastructure Types Description 

Hospitals WVGIS (WVDEM) 
Institution for medical and surgical services and can be 
licensed by the state, free standing emergency 
departments, Veterans Administration, or military.  

Other Healthcare 
Facilities 

WVGIS (Nursing homes) 
WVGIS (Rural Health) 
WVGIS (Public Health) 

Facilities more specialized than a hospital and 
provided varying health and medical services.  

Water and 
Wastewater 
Treatment 
Facilities 

WVGIS 
Facilities designed to remove contaminants from 
wastewater and convert it into an effluent that can be 
returned to the water cycle 

Emergency 
Services  

WVGIS (EOCs) 
West Virginia State 
Firemenôs Association 
WVGIS (EMS)  

EMS stations consist of any location where emergency 
medical services personnel are stationed or based out 
of, or where equipment is stored for emergencies.  

Community 
Centers  

HIFLD 
ExpertGPS 

Facility where people from a particular community can 
meet for social, educational, spiritual, or recreational 
activities. 

Law Enforcement 
Facilities 

WVGIS 
A building that is a place of operation for a municipal 
police department, county sheriffôs office or other law 
enforcement agency 

Gas Stations Data Axle 

A retail station for fueling motor vehicles; may include 
vehicle servicing and repair capabilities, convenience 
store offerings, and/or additional fuel sales (diesel, 
kerosene, CNG/LNG, EV charging, etc.)  

Grocery Stores 
Data Axle 
HIFLD (pharmacies) 

Community-scale market selling foods, beverages, and 
household goods; may include an on-site pharmacy, 
cafe, and/or ATM 

Convenience 
Stores 

Date Axle 
HIFLD (pharmacies) 

Small-scale/small-footprint market with a limited 
selection of household goods and staple groceries; 
may include an on-site pharmacy 

https://wvgis.wvu.edu/data/dataset.php?ID=500
https://wvgis.wvu.edu/data/dataset.php?ID=501
http://wvgis.wvu.edu/data/dataset.php?ID=257
http://wvgis.wvu.edu/data/dataset.php?ID=407
http://wvgis.wvu.edu/data/dataset.php?ID=175
http://wvgis.wvu.edu/data/dataset.php?ID=175
https://www.wvsfa.org/fire-departments-of-wv-map/
https://www.wvsfa.org/fire-departments-of-wv-map/
http://wvgis.wvu.edu/data/dataset.php?ID=324
https://www.expertgps.com/data/wv/churches.asp
http://wvgis.wvu.edu/data/dataset.php?ID=497
https://hifld-geoplatform.opendata.arcgis.com/documents/geoplatform::pharmacies/about
https://hifld-geoplatform.opendata.arcgis.com/documents/geoplatform::pharmacies/about
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Education 
Facilities 

WVGIS 
Public and private K-12 schools and higher education 
facilities including universities, colleges, and career 
and technical centers. 

Military 
Installations 

WVGIS (National Guard 
Armory) 

A base, camp, post, station, yard, center, or other 
activity under the jurisdiction of the Secretary of a 
military department per 10 USC § 2801(c)(4) 

Source: Smart Electric Power Alliance, 2022 

 
Figure 3. 3 - Critical Infrastructure Dataset Summary 

 
Source: Smart Electric Power Alliance, 2022 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://wvgis.wvu.edu/data/dataset.php?ID=503
http://wvgis.wvu.edu/data/dataset.php?ID=201
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Figure 3. 4 - Map of All Critical Infrastructure 

 
Source: Smart Electric Power Alliance, 2022 

Natural Hazard Risks 

In addition to critical infrastructure, natural hazard risks that pose significant threats to grid 

reliability were identified through collaboration with stakeholders. Based on feedback from 

stakeholders and overlap using locational data, we focused on a list of eight natural hazard risks 

to evaluate (see Table 3.2). Data from the eight natural hazard risks above was converted into 

an annualized frequency of natural disaster (AFREQ) mapping. Data for these hazards was 

collected from sources referenced in their corresponding risk assessment, conducted as a part 

of the 2018 West Virginia Hazard Mitigation Plan.17 

 

                                                
17 Despite significant under-reporting of cases in the past, it was decided to proceed with the records 
available in NCEI for these events. Efforts were made to contact agencies dealing with each hazard to 
see if better data sources of historical accounts were available. To date, comprehensive digital databases 
do not exist for these hazards. 
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Table 3. 2 - Natural Hazard Risks Data Collection Summary 

Natural 
Hazard Risks 

Natural Hazard Risks Description 

Floods Can be characterized by either coastal flooding or riverine flooding. Coastal flooding 
occurs when an extreme amount of water accumulates on coastal surfaces, typically 
during high tides or storm surges. Riverine flooding occurs when rivers and streams 
surpass their capacity to contain water level and excess water overflows onto banks and 
low-lying surfaces. (FEMA Coastal Flooding NRI, FEMA Riverine Flooding NRI, FEMA 
National Flood Hazard) 

Extreme Cold & 
Winter Storms 

Consists of winter storms events containing at least one of the following: sleet, snow, or 
freezing rain. (FEMA Winter Weather and Ice Storm NRI) 

Wind 
Strong winds as a result of and result from thunderstorms Such winds can be damaging 
when exceeding 58 mph according to the NRI. (FEMA Strong Wind NRI) 

Landslides 
Characterized by the rapid movement of large masses of rock, soil, or other types of 
debris. (FEMA Landslide NRI) 

Extreme Heat 
Occurs when temperatures are abnormally high and typically corresponds to a humid 
environment. (FEMA Heat Waves NRI) 

Tornadoes Strong winds within a narrow rotating column, typically connected to a thunderstorm. 
Can be extremely damaging to infrastructure as they accumulate and disperse debris. 
(FEMA Tornado NRI) 

Wildfires 
Characterized by an unplanned burn within natural areas such as forests, grasslands, 
prairies, ect. (FEMA Wildfire NRI) 

Earthquakes An abnormal shaking of the Earthôs surface that occurs by energy waves traveling 
through tectonic plates. As tectonic plates shift and overcome friction with other plates, 
shaking occurs throughout the surface. (FEMA Earthquake NRI) 

Source: Smart Electric Power Alliance, 2022 

Annualized Frequency of Natural Disaster 

Pulling data from FEMA's National Hazard Index, NOAA's NCEI Storm Events Database, WV 

GIS Technical Center, WV Division of Forestry, and National Inventory of Dams, we identified 

the risk of various natural hazards to West Virginia. With input from our stakeholders, we 

focused on the hazards that were most relevant to our stakeholders; Floods, Extreme cold & 

Winter Storms, Wind, Landslides, Extreme Heat, Tornadoes, Wildfires, and Earthquakes. Once 

https://hazards.fema.gov/nri/coastal-flooding
https://hazards.fema.gov/nri/riverine-flooding
http://wvgis.wvu.edu/data/dataset.php?ID=373
http://wvgis.wvu.edu/data/dataset.php?ID=373
https://hazards.fema.gov/nri/winter-weather
https://hazards.fema.gov/nri/ice-storm
https://hazards.fema.gov/nri/strong-wind
https://hazards.fema.gov/nri/landslide
https://hazards.fema.gov/nri/heat-wave
https://hazards.fema.gov/nri/tornado
https://hazards.fema.gov/nri/wildfire
https://hazards.fema.gov/nri/wildfire
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the relevant natural hazards were identified, we aggregated data from these different hazards 

and consolidated them into one map showing annualized frequency of natural disaster. The 

dark red coloring seen in Figure 3.5 below indicates areas have a higher risk due to aggregated 

natural hazards. 

 
Figure 3. 5 - Combined Annualized Frequency of Natural Hazards in West Virginia 

 

Source: Smart Electric Power Alliance (2022) based on data from FEMA's National Hazard Index, NOAA's NCEI 

Storm Events Database, WV GIS Technical Center, WV Division of Forestry, and National Inventory of Dams (2022). 

 

FEMA National Flood Hazard Layer 

In addition to FEMAôs National Risk Index, the team utilized FEMAôs National Flood Hazard 

Layer to identify census tracts and sites in West Virginia that are located within high risk flood 

zones.  The blue coloring seen in Figure 3.6 below indicates areas are located within high risk 

flood zones. 
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Figure 3. 6 - High Risk Flood Zones in West Virginia 

 
Source: Smart Electric Power Alliance (2022) based on data from FEMA's National Hazard Index (2022). 

 

We evaluated flood zones that are designated as high risk areas by FEMA. Flood zones 
designated as high risk areas include the following:  

¶ Zone A (Areas with a 1% annual chance of flooding and a 26% chance of flooding over 

the life of a 30Ȥyear mortgage. Because detailed analyses are not performed for such 
areas; no depths or base flood elevations are shown within these zones.) 

¶ Zone A1-30 (These are known as numbered A Zones (e.g., A7 or A14). This is the base 
floodplain where the FIRM shows a BFE (old format).) 

¶ Zone A99 (Areas with a 1% annual chance of flooding that will be protected by a 
Federal flood control system where construction has reached specified legal 
requirements. No depths or base flood elevations are shown within these zones.) 

¶ Zone AE (The base floodplain where base flood elevations are provided. AE Zones are 

now used on new format FIRMs instead of A1ȤA30 Zones.) 
¶ Zone AH (Areas with a 1% annual chance of shallow flooding, usually in the form of a 

pond, with an average depth ranging from 1 to 3 feet. These areas have a 26% 
chance of flooding over the life of a 30Ȥyear mortgage. Base flood elevations derived 
from detailed analyses are shown at selected intervals within these zones.) 

¶ Zone AO (River or stream flood hazard areas, and areas with a 1% or greater chance of 
shallow flooding each year, usually in the form of sheet flow, with an average depth 
ranging from 1 to 3 feet. These areas have a 26% chance of flooding over the life of a 
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30Ȥyear mortgage. Average flood depths derived from detailed analyses are shown 
within these zones.) 

¶ Zone AR (Areas with a temporarily increased flood risk due to the building or restoration 
of a flood control system (such as a levee or a dam). Mandatory flood insurance 
purchase requirements will apply, but rates will not exceed the rates for unnumbered 
A zones if the structure is built or restored in compliance with Zone AR floodplain 
management regulations.) 

Designated Emergency Shelter 

To identify critical facilities that dually function as a designated emergency shelter, the team 

collected data from West Virginiaôs Division of Emergency Management, HSIP, HIFLD, and 

American Red Cross. 

 
Figure 3. 7 - Designated Emergency Shelters in West Virginia 

 
Source: Smart Electric Power Alliance (2022) based on data from West Virginiaôs Division of Emergency 

Management, HSIP, HIFLD, and American Red Cross (2022). 

 

Out of 4,181 critical facilities evaluated in West Virginia, 486 are designated emergency 

shelters18.  When critical facility types dually function as a designated emergency shelter, their 

                                                
18 WVOE analyzed the designated emergency shelters against annualized natural disasters and 
population density and identified potential gaps in certain regions that could benefit from more shelters. 
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potential to increase resilience for the community as a microgrid increases and are more 

suitable for a potential microgrid site (see Section 4.0 for more information on suitability.   

Energy Equity and Environmental Justice  

Population Density & Urban Areas  

Areas of high population density and underserved communities throughout the state were 

assessed in order to support grid resilience in an equitable way. Population density data was 

collected from FEMAôs NRI Index, and urban areas were identified through the U.S. Census 

Bureau. Areas that are more densely populated are indicated by darker shades of blue in Figure 

3.8 Urban areas are indicated by navy blue.  

      

Figure 3. 8 - Population Density & Urban Areas in West Virginia 

 
Source: Smart Electric Power Alliance (2022) based on data provided by the West Virginia Department of Economic 

Development (2022). 
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Appalachian Regional Commission County (ARC) Defined At-Risk and Distressed 

Areas 

The team evaluated which areas across the state were economically distressed or otherwise 

disadvantaged. Economically distressed areas were identified using the ARC annual 

socioeconomic classification of counties in Appalachia. Each county is identified as distressed, 

at-risk, transitional, competitive, or attainment. In some instances, census tracts are identified as 

distressed, even if the county overall is not distressed. To classify the counties, ARC evaluates 

the following: 

ǒ Three-year average unemployment rates 

ǒ Per capita market income 

ǒ Poverty rates19 

 

Figure 3. 9 - ARC At-Risk and Distressed Areas 

 

Source: Smart Electric Power Alliance (2022) based on data provided by the Appalachian Regional Commission 

(2022). 

                                                
19 Appalachian Regional Commission, Classifying Economic Distress in Appalachian Counties (2022) 

https://www.arc.gov/classifying-economic-distress-in-appalachian-counties/
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Justice40, U.S. DOE, and U.S. DOT Defined Disadvantaged Communities 

In addition to ARC-defined at-risk and distressed areas, the team also included federally-defined 

disadvantaged communities (DACs) in the microgrid suitability criteria. SEPA leveraged a 

dataset of communities that fall into the joint interim definition of DACs created by the U.S. 

Department of Transportation (DOT) and the U.S. Department of Energy (DOE). The joint DAC 

definition, created for the National Electric Vehicle Infrastructure (NEVI) Formula Program, takes 

the following factors into consideration: 

ǒ Transportation access and energy burden 

ǒ Resilience 

ǒ Health 

ǒ Environmental pollution and climate hazards 

ǒ Fossil fuel dependence 

ǒ Social vulnerability 

 

For more information about the DOE and DOT methodologies of defining disadvantaged 

communities, see Argonne National Laboratoryôs Electric Vehicle Charging Equity 

Considerations. 

 

Figure 3. 10 - Justice40, U.S. DOE, and U.S. DOT Defined Disadvantaged Communities 

 
Source: Smart Electric Power Alliance (2022) based on data provided by Justice40 (2022). 

https://www.anl.gov/esia/electric-vehicle-charging-equity-considerations
https://www.anl.gov/esia/electric-vehicle-charging-equity-considerations
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Utility Planning and Operations 

Utility planning and operations is an important component of the study to evaluate how 

microgrids can be sited and utilized to provide utility operations and planning services to the 

utilities in West Virginia.  A list of electric utilities in West Virginia is in Table 3.3. 
 

Table 3. 3 - Electric Utilities in West Virginia 

West Virginia Electric Utilities Utility Type 

Appalachian Power Company and Wheeling 
Power Company 

Investor Owned 

The Potomac Edison Company Investor Owned 

Monongahela Power Company (Mon Power) Investor Owned 

Black Diamond Power Company Investor Owned 

Craig-Botetourt Electric Cooperative Cooperative 

New Martinsville Electric Utility Municipality 

Harrison Rural Electric Association Cooperative 

Philippi Municipal Electric Municipality 

 

Utility-Defined Essential Customers 

Appalachian Power is an investor-owned electric utility company and subsidiary of AEP that 

serves much of southern West Virginia. Monongahela Power and the Potomac Edison 

Company are subsidiaries of FirstEnergy and serve the northern portion of West Virginia. As the 

distribution electric utilities, Appalachian Power, MonPower and Potomac Edison are  

responsible for providing safe, affordable, and reliable electricity to its customers.  Certain 

customers are defined by the utilities as essential customers who receive priority during power 

outage restoration based on the nature of their criticality. Per stakeholder input and guidance 

from the WVOE team, it was determined that sites with this designation should be prioritized 

above those without, and it should be included as a suitability criteria.  Based on Appalachian 

Powerôs definition, customer sites with the following characteristics were elevated in the scoring: 

ǒ Facilities that through the loss of electric service could pose an immediate threat to life, 

such as hospitals and critical care nursing homes (those licensed for ventilators). 

ǒ Facilities that through the loss of electrical service could pose a hazard to public safety 

or a threat to the environment. This includes water treatment, wastewater plants, and 

airports. 

ǒ Local and state government agencies which would act as First Responders to an 

emergency or who direct that response. 
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ǒ Other facilities that would respond to an emergency. These are not critical to protect life 

or property, but would help in the overall recovery. This would include shelters (Red 

Cross), medical clinics, physicianôs offices, communication centers, FAA navigational 

facilities, military base, AEP facility and other facilities important to the maintenance of 

public safety or well-being. 

Distribution System Reliability 

Investor-owned utilities in West Virginia are required to file annual reliability reports with the 

West Virginia Public Service Commission20. SEPA compiled the dataset containing the top ten 

worst performing circuits for each utility. The worst performing circuits for each utility were 

based on the reporting-year System Average Interruption Duration Index (SAIDI) and System 

Average Interruption Frequency Index (SAIFI) values. The methodology used to identify worst 

performing circuits is based on both SAIFI and SAIDI. The feeders were ranked excluding major 

storms using the January 1 - December 31 timeframe and consisted of: 

1. For each circuit calculate a circuit SAIFI using only distribution-caused outages 

2. Select the worst 20% of circuits based on the highest circuit SAIFI 

3. Rank the selected circuits based on SAIDI using only distribution-caused customer 

minutes 

4. Select the required number of circuits based on the highest customer minutes. These 

circuits are then identified as the worst performing. 

                                                
20 West Virginia Public Service Commission, Electric Distribution Utility Annual Reliability Reports (2019, 

2020) 

https://psc.ky.gov/Case/ViewCaseFilings/2011-00450/Post
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Figure 3. 11 - Reliability Heat Map 

 
Source: Smart Electric Power Alliance (2022) based on data from West Virginia Public Service Commission, Electric 

Distribution Utility Annual Reliability Reports (2019, 2020) 

 

Figure 3.11 above is a heatmap of the worst performing circuits across the state. We plot all of 
the worst performing circuits on the map, and then we generate a heatmap which allows us to 
see where the highest concentration of worst performing circuits lie within the state. A purple 
color indicates that there is a worst performing circuit in the area, and the more brightly colored 
orange, red, and bright yellow indicate where there are several worst performing circuits in a 
close proximity. Reading the map, we can see that there are some worst performing circuits 
located in the northeast corner and western side of West Virginia. There are several worst 
performing circuits located in the Charleston area. 
 

Historical Transmission System Outages 

In addition to distribution system failures, power outages can often result from transmission 

system vulnerabilities.  SEPA worked with PJM to collect outage information for all transmission 

substations in West Virginia and identified all transmission substations that have experienced an 

unscheduled emergency outage in the past year.  When critical facility types are located within a 

10-mile radius to these transmission substations, their potential to increase resilience for the 

community as a microgrid increases and are more suitable for a potential microgrid site (see 

Section 4.0 GIS Microgrid Suitability Criteria).  Figure 3.12 below shows the distribution of these 

substations across the state. 

https://psc.ky.gov/Case/ViewCaseFilings/2011-00450/Post
https://psc.ky.gov/Case/ViewCaseFilings/2011-00450/Post
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Figure 3. 112 - Historical Transmission System Outages 

 
Source: Smart Electric Power Alliance (2022) based on data from PJM 
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4.0 GIS Microgrid Suitability Criteria 

This study establishes criteria and metrics to determine suitable sites and communities that have 

the highest risk and could benefit from a potential microgrids for resilience project. Per stakeholder 

input, SEPA conducted microgrid suitability across the state based on the following methodology: 

 

1. Conduct Pre-Screening 

2. Assign Critical Infrastructure and Hazard Risks Scoring 

3. Assign Energy Equity and Environmental Justice Scoring 

4. Assign Utility Planning and Operations Scoring 

5. Assign Aggregate GIS Microgrid Suitability Scoring (for each critical facility) 

6. Select Highest Scoring Critical Facilities 

7. Conduct Cluster Analysis 

8. Assign Aggregate GIS Microgrid Suitability Scoring (for each census tract) 

GIS Microgrid Suitability Methodology 

The methodology below was utilized to develop microgrid prioritization.  Highest-scoring critical 

facilities and census tracts were prioritized and can be used to examine where to prioritize 

resilience investments in the future, including site-specific and community microgrids for 

resilience. 

1. Conduct pre-screening for all critical facility types  

All critical facility types that have existing back-up power and/or require back-up power were 

deprioritized and excluded from the study.  Hospitals21, military installations22, and emergency 

shelters23 known to have existing back-up power capabilities and requirements were deprioritized. 

2. Assign critical Infrastructure and natural hazard risks scoring for each 

critical facility 

Each critical facility and census tract was allotted a total maximum potential score of 1 for this 

category based on equal weighting of the following criteria: 

ǒ Serves critical infrastructure (0.25) 

ǒ Serves a facility that dually functions as a designated emergency shelter (0.25) 

ǒ Located within a census tract with a high combined annualized frequency of the prioritized 

natural hazard risks (0.25) 

                                                
21 The National Fire Protection Association: identified the need for Hospital backup requirements to keep 
generators running for 96 hours. 
22 U.S. DoD Army Directive requires all mission-critical bases to be equipped with 14 days of energy and 

water security to power and sustain critical missions. 
23 The American Red Cross (ARC) identified 417 ARC designated shelters in West Virginia. 22 of which 

(5%) have back-up power. For lower scale shelters serving 1-5000 disaster affected population should 
have 2-3 days of dedicated power and larger scale disasters 5000+ population should have 2-3 weeks of 
dedicated power. 
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ǒ Located within high risk flood zones (0.25) 

3. Assign energy equity and environmental justice scoring for each critical 

facility 

Each critical facility and census tract was allotted a total maximum potential score of 1 for this 

category based on equal weighting of the following criteria: 

ǒ Located within a census tract with a high population density (0.33) 

ǒ Located within an at-risk/distressed area (0.33) 

ǒ Located within a U.S. DOE and U.S. DOT-defined disadvantaged community (0.33) 

4. Assign utility planning and operations scoring for each critical facility 

Each critical facility and census tract was allotted a total maximum potential score of 1 for this 

category based on equal weighting of the following criteria: 

ǒ Located within an area with historically low distribution reliability statistics (0.33) 

ǒ Serves a customer designated as a utility-defined essential customer (0.33) 

ǒ Located within 10-mile radius to transmission substations with unscheduled emergency 

outages (0.33) 

5. Aggregate GIS microgrid suitability scores for each critical facility 

Each critical facility and census tract had a maximum total score of 3.  The combined scores for 

each critical facility were evaluated and ranked within each critical facility type.  Hospitals and 

military installations were scored, but ultimately not chosen as potential sites for microgrid 

prioritization due to not passing the pre-screening criteria. The top-ten percent of scores24 for each 

facility type were identified as the highest potential sites for microgrid prioritization.  The figures 

below show the distribution of scores for each facility type. 

 

6. Select the highest scoring critical facilities based on GIS suitability 

criteria and metrics 

The GIS microgrid suitability process prioritizes potential microgrid locations based on the criteria 

and metrics outlined above.  Figure 4.1 below illustrates the process identifying prioritized 

microgrid locations based on the highest scoring sites.  
 

                                                
24 For example, if we are looking at the scores of 200 fire stations, we want to select those that score the 

highest. If want to select the top-ten percent of those 200 fire stations in terms of their score, we will 

calculate 10% of 200, which is 20, and then select the top 20 highest scoring facilities. We will be left with 

20 fire stations that scored the highest within the fire stations dataset. Out of all of the fire stations we 

scored (200), those 20 fire stations we selected are the sites that are prioritized for microgrid deployment. 

 
 



  

 

35 
 

Figure 4. 1 - Detailed GIS Microgrid Suitability Process 

 
Source: Smart Electric Power Alliance (2022) 

7. Conduct cluster analysis of top scoring facilities 

The team performed a point cluster analysis to determine clusters of at least two prioritized critical 

facilities (from steps 1 to 7) within a 0.5 mile radius that could serve as a potential community 

microgrid. 

8. Assign an aggregate GIS microgrid suitability score to each census tract 

to determine resilience needs 

Based on the GIS microgrid suitability criteria and metrics, SEPA assigned each census tract with 

either a Tier 1 (high), Tier 2 (moderate), or Tier 3 (low) for resilience needs.  Figure 4.2 below 

illustrates the distribution of census tracts in West Virginia by their microgrids for resilience 

potential.  There are 546 census tracts in West Virginia - 177 are identified as Tier 1, 189 are 

identified as Tier 2, and 180 are identified as Tier 3.  32.4% of the census tracts in West Virginia 

fall within Tier 1 areas.   
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Figure 4. 2 - Microgrids for Resilience Potential by Census Tract 

 
Source: Smart Electric Power Alliance, 2022 

 

 

Communicating Microgrid Suitability through ArcGIS StoryMaps. SEPA leveraged Esriôs 

ArcGIS StoryMaps platform to share the results of the census tract resilience needs analysis. 

That analysis determined tiers (Tier 1 - high potential, Tier 2 - moderate potential, and Tier 3 - 

low potential) of microgrids for resilience potential by census tracts.  

 

To provide viewers with more context for the results of the analysis, the resource guides viewers 

through each overarching criteria category used in the calculation of resilience needs scores. 

Furthermore, users may scroll through background information and maps displaying each data 

layer within a criteria category. Overall, the story was designed to empower stakeholders to 

understand the results of the census tract resilience analysis on a deeper level.  
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Figure 4. 3 - Snapshot of GIS Microgrid Suitability Story 

 
Source: Smart Electric Power Alliance, 2022 

 

GIS Microgrid Suitability and Resilience Needs Mapping. In addition to the story, SEPA 

created a publicly available mapping tool. Users can layer in any data that informed the 

microgrid suitability geospatial analysis to one singular map. This functionality was designed to 

empower the user to view data, identify trends, and interpret results in a more interactive way. 

The goal of widespread accessibility to data and study results is that varied users from different 

sectors will encourage stakeholders to customize the map with data that is most relevant to 

them, and take away key findings that advance their own work, thus increasing the value of the 

study. 
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Figure 4. 4 - GIS Microgrid Suitability and Resilience Needs Mapping by Census Tract 

 
Source: Smart Electric Power Alliance, 2022 
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5.0 Microgrid Deployment Strategies 

Through a statewide landscape review and a GIS microgrid suitability analysis, SEPA identified 

critical facility and community microgrid sites and developed a microgrid deployment strategy for 

West Virginia. This process included the determination of microgrid applications and technologies, 

prioritization of microgrid locations, and completion of a design and cost analysis for site-specific 

and community microgrid locations. The microgrid deployment strategy synthesized information, 

input, and data from WVOE, local utilities, and other project stakeholders to guide the 

development of microgrids and improve critical facility resilience in West Virginia. 

Microgrid Applications and Terminology 

SEPA evaluated two specific applications of microgrid deployment: site-specific and community 

microgrid projects. 

 

Site-specific microgrids are set up as a single customer microgrid serving FEMA 

lifelines (e.g., healthcare, water treatment, emergency services, and law enforcement 

facilities), resilience hubs (e.g., community centers and places of worship) and 

essential business (e.g., gas stations and grocery stores). 

 

Community microgrids are set up as a multiple customer microgrids serving multiple 

critical sites within a 0.5 mile radius of each other. Load served may include facilities 

and businesses that provide ñ6Fò services, i.e. food, fuel, finance, pharma, first 

responders, or phones. A community microgrid often serves a combination of the 

facilities mentioned in the microgrid types above. 

 

Conceptual Low-, Mid-, High-Renewable Microgrid Design Scenarios25 

The graphics below describe the conceptual designs for low- mid- and high-renewable (net-zero) 

microgrids addressed through the economic analysis in this report. For each critical facility or 

critical facility cluster, the project team sized microgrid components and estimated potential costs 

for low-, mid-, and high-renewable microgrid scenarios based on the estimated load and energy 

resilience needs of each facility type. 

 

                                                
25 Conceptual designs for community microgrids will mirror the site-specific WV critical facility microgrids 
presented in this section, with the exception that they will serve multiple loads and customers within the 
electrical boundary (represented by the circle). This study assumes that all community microgrid loads are 
on the same electrical feeder. Future analysis may need to consider associated electrical and 
interconnection / utility costs for reconfiguration if the loads are not on the same feeder. 
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Figure 5. 1 - Low-Renewable Microgrid Conceptual Design 

 
Source: Smart Electric Power Alliance, 2022 

 

The low-renewable microgrid is capable of providing a critical facility with 4-6 hours of clean 

energy resilience using only a battery energy storage system and on-site solar PV generation. 

Additionally, this microgrid design is capable of providing indefinite energy resilience with a 

standby generator. The solar PV is sized to generate 25% of each critical facilityôs estimated load 

on an annual basis. The BESS is sized to provide a critical facility with 4-6 hours of continuous 

energy resilience during the month of the year with the highest recorded peak load. 

 
Figure 5. 2 - Mid-Renewable Microgrid Conceptual Design 

 
Source: Smart Electric Power Alliance, 2022 

 

The mid-renewable microgrid is capable of providing a critical facility with 12-24 hours of clean 

energy resilience using only a battery energy storage system and on-site solar PV generation. 

Additionally, this microgrid design is capable of providing indefinite energy resilience with a 

standby generator. The solar PV is sized to generate 75% of each critical facilityôs estimated load 

on an annual basis. The BESS is sized to provide a critical facility with 12-24 hours of continuous 

energy resilience during the month of the year with the highest recorded peak load. 
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Figure 5. 3 - High-Renewable (Net-Zero) Microgrid Conceptual Design 

 
Source: Smart Electric Power Alliance, 2022 

 

The high-renewable microgrid is capable of providing a critical facility with 24-48 hours of clean 

energy resilience using only a battery energy storage system and on-site solar PV generation. 

The solar PV is sized to generate 100% of each critical facilityôs estimated load on an annual 

basis, making this a net-zero scenario. The BESS is sized to provide a critical facility with 24-48 

hours of continuous energy resilience during the month of the year with the highest recorded peak 

load. The BESS would be charged primarily by the on-site solar PV. 

 

Site-Specific Microgrid Deployment Strategy 

SEPA identified 353 sites that provide critical functions and services as prioritized site-specific 

microgrid locations.  SEPA sized and carried out comparative analysis for three different microgrid 

scenarios for each critical facility business case accounting for low-, mid-, and  high-renewable 

components with different cost projections and islanding capabilities. For details on load, sizing, 

design and economic analysis for each site-specific microgrid, see Appendix 1 

Grocery Store 

Grocery stores are community lifelines that provide food, 

beverages, and household goods to community members. Grocery 

store locations may also support other vital related services with 

on-site pharmacies, cafes, and/or ATMs. These services remain 

critical during outages, and some grocery stores may not have the 

resilience capabilities to continue operations.   
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SEPA identified 38 potential site-specific grocery store microgrids.  Maps of the distribution of 

prioritized site-specific grocery store microgrid deployments across the state are included below 

in Figure 5.4. 
 

Figure 5. 4 - Prioritized Site-Specific Grocery Store Microgrid Locations 

 
Source: Smart Electric Power Alliance, 2022 
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Figure 5. 5 - Comparative Analysis of Conceptual Microgrid Scenarios for Grocery Stores 

 
Source: Smart Electric Power Alliance, 2022 

Law Enforcement Facility 

Law enforcement facilities are places of operation for municipal police 

departments, county sheriffôs offices or other law enforcement agencies. Law 

enforcement facilities provide critical services to communities, including a 

range of prevention, preparedness, response, and recovery services during 

both blue sky operations and emergency incident response. Law 

enforcementôs emergency incident response services are critical during outages, and some 

facilities may not have the resilience capabilities to continue operations. 

 

SEPA identified 29 potential site-specific law enforcement facility microgrids.  Maps of the 

distribution of prioritized site-specific law enforcement facility microgrid deployments across the 

state are included below in Figure 5.6. 
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Figure 5. 6 - Prioritized Site-Specific Law Enforcement Facility Microgrid Locations 

 
Source: Smart Electric Power Alliance, 2022 

 

 
Figure 5. 7 - Comparative Analysis of Conceptual Microgrid Scenarios for Law Enforcement Facilities 

 
Source: Smart Electric Power Alliance, 2022 
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Other Healthcare 

Other healthcare facilities are more specialized than hospitals and include 

varying health and medical facilities, such as rural health clinics, outpatient 

clinics and medical offices, long-term care facilities, urgent care facilities, 

clinical labs, and other relevant healthcare facilities. These facilities may not 

have the same backup generation or resilience capabilities as hospital 

facilities, but their ability to serve patients may remain critical during an 

outage, depending on the facility type and the community it serves. 

 

SEPA identified 20 potential site-specific other healthcare facility microgrids.  Maps of the 

distribution of prioritized site-specific other healthcare facility microgrid deployments across the 

state are included below in Figure 5.8. 

 
Figure 5. 8 - Prioritized Site-Specific Other Healthcare Facility Microgrid Locations 

 
Source: Smart Electric Power Alliance, 2022 
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Figure 5. 9 - Comparative Analysis of Conceptual Microgrid Scenarios for Other Healthcare Facilities 

 
Source: Smart Electric Power Alliance, 2022 

Water Treatment 

Water and wastewater treatment facilities are designed to remove 

contaminants from wastewater and convert it into an effluent that can 

be returned to the water cycle. Many communities rely on water 

treatment facilities for their clean water supply. Outages at a facility 

can cause overflows that can create a public health risk and harm 

the local environment, but can be mitigated by developing on-site 

resilience capabilities to continue operations. 

 

SEPA identified 27 potential site-specific water treatment facility microgrids.  Maps of the 

distribution of prioritized site-specific water treatment facility microgrid deployments across the 

state are included below in Figure 5.10. 
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Figure 5. 10 - Prioritized Site-Specific Water Treatment Facility Microgrid Locations 

 
Source: Smart Electric Power Alliance, 2022 

 
Figure 5. 11 - Comparative Analysis of Conceptual Microgrid Scenarios for Water Treatment Facilities 

 
Source: Smart Electric Power Alliance, 2022 
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Education Facilities 

Educational facilities include career and technical centers, stand-alone higher 

education facilities, and public K-12 schools. Educational facilities often serve 

their communities through after-school activities (e.g. cultural and social events, 

youth activities, resource use and information dissemination, health, leisure, 

and recreation activities, and adult learning26), and sometimes serve as 

community shelters or other emergency facilities. Many of these community 

services remain critical during outages, and some educational facilities may not 

have the resilience capabilities to continue operations during an outage. 

 

SEPA identified 86 potential site-specific education facility microgrids.  Maps of the distribution of 

prioritized site-specific educational facility microgrid deployments across the state are included 

below in Figure 5.12. 

 
Figure 5. 12 - Prioritized Site-Specific Educational Facility Microgrid Locations 

 
Source: Smart Electric Power Alliance, 2022 

 

                                                
26 https://www.oecd.org/education/innovation-education/2033741.pdf  

https://www.oecd.org/education/innovation-education/2033741.pdf



























































































































































