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Executive Summary 
 

Microgrids and battery energy storage systems can significantly improve energy reliability and 
resilience for island nations. This project explores their potential to support critical facilities in 
Barbados, focusing on an adaptable site selection method that accounts for evolving data and the 
island’s unique environmental, social, and logistical challenges. Given Barbados' low-lying 
topography and reliance on imported petroleum, the island is vulnerable to hazards like storm 
surges, flooding, and hurricane damage—threatening reliable power for essential services such as 
hospitals and shelters. Recognizing this, the government has identified microgrids as a key 
resilience tool. This study contributes to growing research on site selection methodologies, 
resulting in a prioritized list of 30 sites and a flexible framework applicable across the Caribbean. 

Barbados is uniquely positioned for localized energy solutions. With approximately 90 MW of 
its 100 MW renewable energy (RE) capacity installed in decentralized systems—mainly at the 
residential and small commercial levels—the island presents a striking contrast to many of its 
regional neighbors, where centralized utility-scale RE dominates. This history of distributed 
energy adoption is rooted in progressive policy and a culture of energy literacy, dating back to 
the 1970s, when the island became a global leader in solar water heater installations per capita 
(Smart Energy Barbados, n.d.). This foundational familiarity with RE technologies has catalyzed 
support across government, utilities, and civil society for further decentralization through 
microgrids. 

Barbados faces acute environmental challenges due to its geographic location and low-lying 
topography. The island is increasingly vulnerable to storm surges, coastal flooding, and 
hurricanes. These risks are compounded by a high dependence on imported fossil fuels, which 
undermines energy security—especially during disasters when energy services are most critical. 
The Government of Barbados has recognized the potential of microgrids to improve the 
reliability of energy access for critical facilities such as hospitals, hurricane shelters, police and 
fire stations, and schools. 

Collaborating with the Rocky Mountain Institute (RMI), a current technical advisor on 
Caribbean microgrids, this project sought to identify ideal locations for a co-located solar and 
battery development for critical facilities in Barbados. Referencing several case studies on 
microgrid site selection, a weighted-criteria framework was decided upon to evaluate 251 sites 
and narrow them to 30 sites by site-specific hazard exposure, PV potential, energy demand 
estimates, proximity to populations, and existing resilience assessments. The weighting approach 
was intentionally designed to be flexible, allowing updates to scoring as more stakeholder 
feedback or data became available. 
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Each critical facility was evaluated on a scale from 0 to 7.3 based on environmental, technical, 
and social indicators. Environmental indicators included exposure to storm surge, hurricane wind 
zones, and flood risk; social indicators considered population served, socioeconomic 
vulnerability, and geographic equity; and technical indicators involved estimated solar potential, 
load data, and infrastructure considerations such as road access and existing energy systems. 
Geographic Information Systems (GIS) were used to map and analyze environmental and social 
indicators, while technical indicators were assessed using a combination of publicly available 
data, utility records, and visual inspection through open-source satellite imagery. 
 
Key Results:  
 

●​ Weighted System Flexibility: Using a weighted scoring system provided the ability to 
continually refine the attributes of an ideal site. Since meeting with stakeholders was a 
slow process, the preferred site characteristics could be easily refined as new local input 
was offered, without the need for major recalculations or site sorting.  
 

●​ Additionality of Stakeholder Meetings: Due to a slow response from onsite 
stakeholders, the project was unable to conduct as many meetings as originally hoped. 
Yet, the weighted system still provided a fairly robust set of possible sites. Selection 
priorities could easily be adjusted as new meetings were held. Distinct from past case 
studies, this is a possible indication that a weighted system is an efficient site selection 
method for slow moving or post-technical evaluation, stakeholder engagement.  
 

●​ Underscoring of Potential Solar Generation: Our analysis of solar energy generation at 
each site underscored the solar generation potential of the region. Though actual energy 
consumption at each site will vary, the vast majority of the sites were able to meet our 
estimates for the critical energy load, during solar producing hours. This highlights the 
potential impact photovoltaic (PV) solar energy could have on critical facility reliability 
in Barbados and similar Caribbean island nations. 

The final prioritized list includes 30 critical facilities across the island, encompassing key 
hospitals, hurricane shelters, police and fire stations, and schools. These were selected to serve 
both high-risk and underserved communities, with attention to geographic distribution and 
alignment with the Government of Barbados’ resilience strategies.  

This feasibility study contributes to the growing body of knowledge on microgrid deployment in 
small island developing states (SIDS). It presents an adaptable, stakeholder-informed 
methodology that can be scaled or replicated in other Caribbean nations and beyond. As 
Barbados continues to pursue its ambitious energy transition and resilience goals, targeted 
investment in solar-plus-storage microgrids for critical facilities can serve as a scalable model for 
community-centered energy resilience. 
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1.​ Introduction 
This report focuses on Barbados, an island country in the Caribbean region, located in the Lesser 
Antilles of the West Indies. Barbados' critical infrastructure is vulnerable to power outages 
caused by extreme weather events, particularly hurricanes. Like many other small island 
developing states, Barbados relies on a centralized fossil-fuel energy system with long-distance 
electricity transmission over overhead lines. When hurricanes like Dorian, Irma, Maria, and 
Beryl strike, these systems are severely impacted, leaving critical facilities without power. This 
leads to disruptions in essential services, such as healthcare, water treatment, 
telecommunications, and emergency response. Given the country's geographical location and 
frequent exposure to such climate events, there is an urgent need to develop decentralized 
renewable energy systems, such as solar-plus-storage microgrids, to enhance resilience and 
ensure continued operation during disasters.  
 
The Rocky Mountain Institute (RMI), a global non-profit organization focused on accelerating 
the transition to clean energy, seeks to identify which critical facilities in Barbados should be 
prioritized for the development of solar-plus-storage microgrids through a combination of 
techno-economic analyses and stakeholder-involved processes. Advised by RMI’s Islands 
Program team, this group of Master’s students from the Duke University Nicholas School of the 
Environment developed this report to support RMI’s site selection and stakeholder engagement 
process.  
 
RMI has identified over 250 facilities in Barbados as potential candidates for microgrid 
implementation. In this report, we outline an approach for narrowing this list to 30-50 critical 
facilities to be prioritized for microgrids.  
 
Our objectives are to: 
 

●​ Identify what environmental, social, and technical criteria should be used to develop a 
microgrid site selection framework that accounts for priority infrastructure needs, 
community needs, and climate vulnerability. 

●​ Apply GIS-based spatial analyses and energy modeling to integrate these criteria to 
identify suitable sites for microgrids at critical facilities in Barbados. 

●​ Understand critical facility energy needs and reliances as identified by key stakeholders, 
and align the site selection framework with these priorities. 
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2.​ Overview of Energy Landscape in the Caribbean  
Caribbean nations face a notable set of possibilities and challenges concerning the future of their 
electricity generation. The region is often said to be at a “crossroads” of a transition towards 
greater energy independence and greater adoption of low-carbon energy resources (Harrison & 
Popke, 2018).  However, the region grapples with a complicated patchwork of factors including 
geography, political structures, and access to natural resources that has led to a long history of 
dependence on imported fossil fuels (Harrison & Popke, 2018).  This dependence often presents 
a large challenge to supplying low-cost, reliable energy generation.  
 
Overview of Current Energy Supply & Demand 
Caribbean islands rely heavily on burning petroleum products for their energy needs. However, 
since most Caribbean islands lack access to domestic fossil fuel production, 80-90% of their 
energy needs are met by imported petroleum products (Mahabir). Due to fluctuations in oil 
pricing and the costs of transporting petroleum, Caribbean nations have some of the highest 
energy costs in the world. Consumer electricity prices average between $0.30 - $0.40 per kWh 
(Energy Chamber, 2017),  compared to the United States which averaged $0.17 per kWh in 2024 
(EIA, 2024).  
 
Yet, across the Caribbean, the incorporation of non-combustible renewable energy has been 
increasing. In 2019, the total share of renewable energy across all LAC countries was roughly 
29.6%, though non-combustible sources accounted for roughly 13% (ECLAC, 2022).  Wind and 
solar development have grown by 39% between 2000 and 2020 (Levy et al, 2023). For island 
nations, these developments have significant cost-advantages by avoiding the high import costs 
of petroleum products. One example from 2018, a Power Purchase Agreement (PPA) was 
reached in Jamaica to purchase solar energy at $0.09 per kWh and wind energy at $0.12 per kWh 
(Masson et al, 2020). Nations across the Caribbean have set ambitious renewable energy targets, 
with varied success in reaching them.  
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Figure 1: Progress against renewable energy targets across Caribbean nations 

Source: p10: https://publications.iadb.org/en/publications/english/viewer/Sustainable_Energy_Paths_for_the_Caribbean.pdf  
 
 

Common Limitations of the Electrical Grid in the Caribbean  
Caribbean nations are significantly limited in their ability to provide affordable electricity due to 
limited access to domestic hydrocarbon fuels. This has created a dependence on foreign 
petroleum imports and ultimately an outsized cost burden to access electricity (Energy Chamber, 
2017).  In addition, the Caribbean faces significant challenges to developing new electrical 
infrastructure due to regular destructive weather events. Natural disasters in the Caribbean 
account for $12.5 billion of damage annually (Rodriguez, 2024). These losses can be 
compounded over time, making it difficult to make significant changes to existing energy 
infrastructure.  
 
Nonetheless, the Caribbean is well-positioned to benefit from renewable energy development. 
The entire region displays both excellent solar irradiance and wind resources. The eastern 
Caribbean islands average over 200 days of full sun and collectively display roughly 70 
megawatts (MW) of offshore wind potential (Mowla, 2024). In addition, the Caribbean boasts 
abundant hydrothermal resources that offer geothermal opportunities across the eastern 
Caribbean islands (Koon Koon et al, 2020). 
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2.1​ Overview of Barbados Energy Landscape 
Barbados is uniquely fit for microgrid and energy storage development due to its vulnerability to 
extreme weather, ambitious renewable energy goals and socio-economic characteristics. 
Microgrids in Barbados have the potential to support energy resilience as well as contribute to 
the island’s broader energy transition goals, enhance energy equity, and boost economic 
development through innovation and private sector partnerships.  

Distinct Social and Environmental Vulnerabilities in Barbados 
Barbados is classified as a small island developing state (SIDS), a categorization that denotes 
specific vulnerability to climate events due to low elevation and proximity to tropical storms 
(UNFCCC, 2005). Barbados' low-lying topography makes it particularly vulnerable to storm 
surges and flooding from frequent hurricanes (Mycoo et al, 2021). In the coming decades, it is 
predicted that small islands will experience more frequent sea level rise and extreme sea level 
events, like coastal storm surges and flooding (Section 4.2.3.4.1; IPCC, 2019). Moreover, as a 
reef island, Barbados is particularly susceptible to coastal inundation by ‘king tides’ (Section 
15.3.2; IPCC 2023). Although it is difficult to project the probability of future tropical cyclones, 
it is noted that increased warming will likely increase the intensity of major tropical cyclones, 
once storms form from favorable conditions (World Bank, 2021).  
 
These environmental stressors also have an economic impact on the island. It is estimated that 
Barbados experiences an average loss of $48 million annually to hurricanes, accounting for 
roughly one percent of the nation’s annual gross domestic product (World Bank, 2024). These 
natural disasters can frustrate energy infrastructure buildout by adding additional costs and 
repairs (BNEP, 2019).  
 
There is also some evidence that environmental hazards could impact social vulnerabilities. In 
2020, a social vulnerability index (SVI) was created for Barbados (See Appendix A), to asses 
socio-economic variables against known environmental hazards.  (Cumberbatch et al, 2020). 
Conducted by the University of the West Indies, the project indicated that medium to high levels 
of social vulnerability existed across the island, though no discernable pattern could be identified 
(Cumberbatch et al, 2020). An earlier study, however, found areas of low elevation with high 
social vulnerability were at greater risk of climatic events (Boruff and Cutter, 2007). These 
findings have implications for energy vulnerability, as socialy vulnerable areas may face greater 
challenges in maintaining electricity access during climatic events (See Appendix A for the SVI 
index). 

Energy Policy Landscape and Objectives 
The development of microgrids at critical facilities aligns with Barbados’ goal of achieving 
100% renewable energy by 2030 while addressing the pressing need for energy security, 
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affordability, and resilience in the face of extreme weather events. Transitioning to renewable 
microgrids will not only reduce the island’s reliance on imported fossil fuels but also contribute 
to broader sustainable development goals by stabilizing electricity costs, reducing carbon 
emissions, and creating opportunities for building local workforce capacity. Compared to a 
traditional generator, renewable microgrids have also been shown to have the same resilience 
enhancement with lower net present cost and cost of energy (Faraji et al., 2019).  Furthermore, 
the project has the potential to attract private sector investment and create a replicable model for 
other islands in the region.  
 
Energy Supply and Demand in Barbados 
Barbados has an energy landscape similar to other islands in the Eastern Caribbean. The island 
hosts a single transmission and distribution system that supplies electricity to the entire island. 
The Barbados Light and Power Company (BL&P) is a privately held firm that is currently the 
only operating utility on the island (NREL Energy Snapshot, 2015). Barbados has roughly 326 
MW of installed capacity, of which 252.2 MW are conventional. The island imports roughly 
9,700 barrels of oil products per day (CCREEE, 2022), mostly from the United States (OEC 
World, 2022). The island’s conventional assets primarily use bunker “C” heavy fuel oil, roughly 
consuming 2800 bbl of fuel a day (Barbados Ministry of Energy, 2022), accounting for 90% of 
electricity production on the island (BNEP, 2019). Barbados does have some domestic crude oil 
production of 700 BOPD, but with no refinery on  the island, production is sent to Trinidad and 
Tobago, until later sold internationally (BNEP 2019).  
 
In 2022, Barbados generated roughly 1,016 GWh of electricity, with a peak system demand of 
141.6 MW (CCREEE, 2022).  The three largest consumers of electricity included public sector 
users, residential customers, and industrial customers. Despite the grid’s dependence on imported 
petroleum, the island has a total of 73.6 MW of installed renewable energy capacity, the bulk of 
which is distributed solar (63.6 MW), some utility scale solar (10 MW), and 1 MW of onshore 
wind (CCREEE, 2022). The Barbados National Energy Policy adopted in 2019, established a 
national goal that 100% of electricity generation would be powered by renewable resources 
(BNEP, 2019).  

Regional Challenges to Energy Delivery in Barbados 
Barbados has already achieved several key energy milestones, as defined by the United Nations’ 
Sustainable Development Goals (UNEP, 2024). Barbados has established universal access to 
electricity and universal access to clean cooking without the combustion of solid fuels (Seforall, 
2022). However, the island still heavily relies upon imported petroleum products to power its 
electrical grid. The cost of importing these products significantly influences the cost of electricity 
on the island. While costs depend on the type of customer, residential customers face base prices 
as high as $0.32 per kWh (BL&P, 2022). An additional fuel charge is then added per kWh.  
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Barbados has had some initial success incorporating renewables, with about 22% of its installed 
capacity coming from wind or solar (CREEE, 2022). However, these efforts have been stymied 
by increases in grid instability. A rapid integration of intermittent resources has created issues 
balancing supply and demand. Barbados Light & Power has paused all renewable 
interconnection applications until the current instability is mitigated (BL&P, 2024). In 2023, the 
Barbados Fair Trade Commission established a plan to add 50MW of battery storage capacity, 
spread across four parishes, to address grid instability (p5, BFTC, 2023). Until this and similar 
projects become operational, Barbados will remain limited in renewable energy integration. 
 

2.2​ Microgrids and Climate Resilience  

Overview of Microgrids  
A microgrid, as defined by the National Renewable Energy Laboratory (NREL), is a network of 
connected energy loads and distributed power sources that functions as a unified system in 
relation to the main grid. It has the flexibility to operate either while connected to the grid or 
independently in island mode. Microgrids enhance reliability for customers and strengthen 
resilience against grid disruptions. Advanced microgrids integrate various energy 
sources—including conventional generators, renewables, and storage—to maintain power 
locally, even during outages in the larger grid or in remote areas without grid access.  

Microgrids vary in size and complexity, but they generally consist of three main components, as 
illustrated in Figure 2 (DOE, 2024): 

1.​ Power Generation Sources – These include solar panels, wind turbines, and generators 
powered by diesel or natural gas. 

2.​ Battery Energy Storage – Used to store electricity for later use, enhancing reliability 
and efficiency. 

3.​ Microgrid Control System – Typically managed by a central controller, which oversees 
the coordination of distributed energy resources, balances electrical demand, and 
manages the connection and disconnection of the microgrid from the main grid. 
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Figure 2 

 

Relevance of Microgrids to Climate Resilience in Barbados  
 
1. Enhancing Climate Resilience: Microgrids can significantly enhance Barbados's resilience to 
climate change by providing localized, reliable, and sustainable energy solutions. Barbados' 
centralized power grid is vulnerable to extreme weather events, such as hurricanes and droughts, 
which can cause widespread outages. Decentralized systems like microgrids can enhance 
resilience by providing backup power during these outages. Resilience is defined by the 
Lawrence Berkeley National Lab as “the 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” 
(Lawrence Berkeley National Labs, 2021). Microgrids can operate either independently or with 
the main grid, ensuring that critical infrastructure—like hospitals, water treatment plants, and 
emergency services—maintains power during disruptions. For instance, during Hurricane Dorian 
in 2019, a resilient solar array and microgrid in Nassau, Bahamas, continued producing power 
even when the island's main grid failed (RMI, 2020). In 2020, Puerto Rico experienced grid 
damage resulting from an earthquake. Because PV microgrids were installed after Hurricane 
Maria, facilities effectively isolated themselves from the main grid and had access to emergency 
power (Peters, 2020).  

2. Promoting Renewable Energy Integration: Microgrids can help integrate renewable energy 
sources, such as solar or wind, by increasing flexibility through localized energy management 
and energy storage. Barbados has abundant solar resources, with approximately 217 days of 
sunshine annually, making solar power a viable option (Global Americans, 2022). By deploying 
microgrids that utilize renewable energy, Barbados can enhance energy security, reduce 
dependence on imported fossil fuels, and lower greenhouse gas emissions. 
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3. Stimulating Economic Development: By providing reliable and affordable energy, 
microgrids can stimulate economic growth, particularly in rural and underserved areas. Access to 
consistent power supports local businesses, improves education and healthcare services, and 
attracts investment, contributing to overall economic resilience. Decentralized energy systems 
can also create localized employment in installation, maintenance, and smart grid management, 
fostering economic resilience. 

4. Policy Integration and Climate Adaptation: Barbados has taken a proactive approach to 
climate change adaptation by embedding it into its national policy framework, with energy sector 
modernization as a key strategy. The Barbados National Energy Policy (BNEP) outlines the 
country's ambitious commitment to achieving 100% renewable energy and carbon neutrality by 
2030. This policy aims to provide reliable, safe, affordable, sustainable, and climate-friendly 
energy services to both residents and visitors while maximizing local participation in distributed 
renewable energy generation and storage. By incorporating microgrids into its national 
development plans, Barbados can further enhance its resilience to climate-induced disruptions. 
Microgrids facilitate the integration of renewable energy sources, provide reliable power during 
extreme weather events, and reduce dependence on imported fossil fuels, thereby supporting the 
country's adaptation to climate change and alignment with global sustainable development goals. 

Critical Facilities and Critical Loads During Outages 

According to the Federal Emergency Management Agency (FEMA), critical facilities are those 
that provide essential services to a community, particularly during and after disasters. These 
facilities require special considerations to ensure continued operation and public safety. 
Examples include: 

1.​ Emergency Response Facilities – Police and fire stations, emergency operations centers, 
and storage sites for critical vehicles and equipment necessary for responding before, 
during, and after emergency events.   

2.​ Medical Facilities – Hospitals, blood banks, clinics, nursing homes, and other healthcare 
centers that store vital medical records and accommodate individuals who may have 
limited mobility, making evacuation or self-protection difficult during a disaster. 

3.​ Educational and Childcare Facilities – Schools and daycare centers, particularly those 
designated as shelters or evacuation sites, which play a crucial role in community safety 
and recovery efforts. 

4.​ Utility and Infrastructure Facilities – Power generating stations and other public and 
private utilities essential for maintaining or restoring service to areas affected by flooding 
before, during, and after the disaster. 

5.​ Water Treatment Facilities – Drinking water and wastewater treatment plants, which 
are vital for ensuring clean water supply and sanitation. 
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6.​ Hazardous Material Facilities – Facilities or structures for producing, using, or storing 
highly flammable, volatile, toxic, water-reactive, or explosive materials, which pose 
significant risks in the event of a disaster. 

Critical load refers to any electrical load, system, or infrastructure that is essential to maintain 
during a power outage to ensure public safety, health, economic stability, or basic societal 
functioning (Gao et al, 2016). These loads are prioritized for backup power (e.g., generators, 
batteries) or rapid restoration to prevent cascading crises. In Caribbean island nations—where 
hurricanes, aging grids, and fuel shortages are common—critical loads can be defined by their 
role in mitigating disaster impacts and sustaining vulnerable populations. Common critical loads 
include: 

1.​ Medical Equipment: Devices such as ventilators, oxygen concentrators, and other 
life-sustaining apparatuses that are indispensable for individuals with health conditions. 

2.​ Refrigeration Units: Appliances necessary for preserving perishable food items and 
medications, preventing spoilage and ensuring safety. 

3.​ Lighting: Basic illumination to maintain safety and security within homes or facilities. 
4.​ Communication Systems: Equipment such as radios, telephones, and internet 

routers/modems that enable information access and emergency communication. 
5.​ Heating and Cooling Systems: Climate control devices that are particularly critical in 

extreme weather conditions to prevent health risks. 
6.​ Government and Disaster Management Facilities: Police and fire stations, emergency 

operations centers, and other government buildings that coordinate disaster response and 
recovery efforts. Maintaining power to these facilities ensures effective management and 
deployment of resources during crises. 

Table 1. Critical Facility Types Evaluated 
Critical Facility Types Description 

Hospitals 

Provide emergency medical care, life-saving treatments, and 
critical health services during disasters. Essential for disaster 
response and public health. 

Other Healthcare Facilities 
Includes clinics, urgent care centers, and specialized treatment 
facilities that support hospitals in delivering medical services. 

Community Centers 

Serve as gathering points for disaster response, resource 
distribution, and emergency relief operations. Often used for 
sheltering displaced individuals. 

Churches 

Function as emergency shelters and aid distribution sites 
during crises. Provide community support, coordination, and 
refuge for vulnerable populations. 
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Government Services 

Includes administrative offices essential for disaster 
coordination, public safety, and continuity of governance 
during emergencies. 

Law Enforcement & Fire 
Stations 

Police stations and fire stations ensure public safety, 
emergency response, and disaster coordination. Fire stations 
provide firefighting, rescue services, and first-response 
capabilities critical during crises. 

Schools 

Often designated as emergency shelters and recovery centers. 
Provide essential services to displaced individuals during 
disasters. 

Banks 

Facilitate financial stability during crises, ensuring access to 
funds, emergency loans, and financial services critical for 
recovery efforts. 

Prison 

Essential for public safety and emergency management, 
ensuring security and order in times of crisis. May also require 
backup power for facility operations. 

Port 

Critical for supply chain resilience, enabling the transportation 
of goods, emergency supplies, and humanitarian aid during 
and after disasters. 

 

Summary of Select Case Studies 
Several case studies have examined the economic and social impact of microgrids on a 
population indicated to be especially vulnerable to climate events. These studies have identified 
methods and tools for identifying the best location in these communities to place a microgrid for 
maximum impact.  

St. Lucia Microgrid - Rocky Mountain Institute 

In 2022, the National Utilities Regulatory Commission (NURC) engaged the Rocky Mountain 
Institute (RMI) to provide technical assistance to develop an energy storage, hybrid microgrid on 
the island of St. Lucia (RMI, 2022). The project’s intent was to demonstrate the ability of 
microgrid technology to support critical infrastructure in the Caribbean, specifically after a grid 
failure. A major objective for RMI was to provide a recommendation to NURC on microgrid site 
selection. The Rocky Mountain Institute divided the site process into three stages: 1) 
Prioritization of diverse critical facilities, 2) Consideration of natural hazards, and 3) 
Prioritization of socioeconomic and practical utility (RMI, 2023). Working from an initial list of 
thirty-five potential sites, the group first ensured a wide variety of critical facility types were 
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included. The group then visited the sites, taking account for practical logistics as well as 
environmental hazards to narrow the list.  
 
Key Takeaways:  

1.​ Notably, RMI leveraged input from stakeholder interviews to develop a weighting 
system, to balance multiple priorities at each site, and provide NURC a final 
recommendation of six sites.  

2.​ Some sites were ultimately excluded due to existing plans for energy generation 
development that were not initially known. This underscored the importance of 
stakeholder interaction and on the ground data collection prior to site recommendation.  

 

North Carolina Microgrid Feasibility Study - Duke University 

In 2024, several graduate students from Duke University conducted feasibility research for a 
microgrid installation in the Upper Coastal Plain (UPC) region of North Carolina (Ayyagari et 
al., 2024). The group worked with a regional planning board to provide decision-making tools 
for microgrid investment decisions. Using existing surveys on key selection criteria, the group 
created a map leveraging ArcGIS and Python, to display the best areas in North Carolina’s UPC 
for microgrid development. The resulting map accounted for: Existing Infrastructure, Population 
density, Environmental Hazards, Disadvantaged populations, and Points of Interest. The group 
was able to then provide a list of several sites where microgrid development would be ideal 
given the stakeholder-informed criteria.  
 
Key Takeaways:  
 

1.​ The group began the process by leveraging previously conducted stakeholder interviews 
collected by the Applied Data Research Institute. By beginning feasibility research with 
intensive research into local needs and attitudes on existing energy infrastructure, the 
group could highly tailor a site assessment tool to local needs.  

2.​ Due to the variety of microgrid technologies and the variations in needs between different 
localities, flexible tools that can account for differing priorities, environments and 
economics are highly valuable for microgrid decision making.  

3.​ One of the highest value benefits of a decision-making framework or tool is the ability to 
quickly rule out non-feasible sites so that planning time and resources are allocated more 
efficiently.  

West Virginia Regional Microgrids for Resilience Study - Smart Electric Power Alliance 

 
In 2022, the Smart Electric Power Alliance (SEPA) conducted an analysis into which 
communities in West Virginia should be prioritized for microgrid deployment (Leader et al., 
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2022). The researchers established tiers of microgrid suitability and resilience needs by weighing 
criteria such as natural hazards risks, critical infrastructure, disadvantaged communities, 
community interest, and utility operations and planning. SEPA took a three-phase approach: first, 
a landscape review that included stakeholder engagement and data collection; second, GIS 
analysis to incorporate geospatial data on natural hazard risk, equity and environmental justice, 
and utility operations; and third, microgrid deployment strategy including prioritized microgrid 
locations, design, and cost analysis. The study also looked at both site-specific microgrids and 
community microgrids, as well as different design options to accommodate low-, mid-, and 
high-renewable scenarios.   
 
Key Takeaways:  
 

1.​ Providing different options for low-, mid- and high-renewable scenarios with varying 
lengths of renewable islanding can provide added flexibility for the final project cost of 
the microgrid system while balancing reliability and decarbonization goals. 

2.​ The study was able to prioritize microgrid sites in the most vulnerable areas of the state 
by evaluating whether sites were located in census tracts with high annual frequency of 
prioritized natural hazard risks, in at-risk/distressed areas, in disadvantaged communities, 
in areas with historically low distribution reliability statistics, or within 10 miles of 
transmission substations with unscheduled emergency outages. 

 

Mozambique Regional Microgrids for Resilience Study – Off-Grid Solar Deployment 
Strategy 

In 2025, a national research consortium conducted a comprehensive analysis to identify which 
rural communities in Mozambique should be prioritized for off-grid solar PV microgrid 
deployment to enhance energy access, resilience, and social equity. The study aimed to support 
decision-makers in addressing the challenges of energy poverty, particularly in scattered, 
low-density rural areas with limited grid extension prospects (Tafula, 2023). 

The researchers adopted a three-phase approach similar to internationally recognized best 
practices: 

1.​ Context Landscape Assessment - This phase involved extensive stakeholder 
engagement, including local government officials, traditional leaders, NGOs, and rural 
community members. The team gathered data on rural energy needs, existing 
infrastructure, socio-economic conditions, and community priorities.​
 

2.​ GIS-MCDM Analysis – A multi-criteria decision-making framework (MCDM) was 
integrated with Geographic Information Systems (GIS) to evaluate and map site 
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suitability. The criteria included:​
 

○​ Accessibility and proximity to rural settlements​
 

○​ Solar irradiance and climatic conditions​
 

○​ Terrain/orography​
 

○​ Institutional readiness and presence of local governance structures​
 

○​ Social factors such as willingness to pay, community organization, and local 
development plans​
 

○​ Environmental vulnerability and exposure to natural hazards (e.g., floods, 
cyclones)​
 

○​ Proximity to health centers, schools, and markets​
 

3.​ Deployment Strategy and Prioritization – Based on the weighted criteria, rural 
communities were ranked into tiers of microgrid deployment priority. The strategy also 
incorporated multiple system design options to accommodate low-, mid-, and 
high-renewable energy penetration, along with estimates of cost, system reliability, and 
sustainability. 

Key Takeaways: 

●​ Social and institutional factors were formally incorporated into the site selection process, 
challenging the assumption that support for renewable energy automatically translates to 
local project buy-in. Instead, context-specific social acceptance was assessed and mapped 

●​ Priority sites were identified in communities characterized by low electricity access, poor 
infrastructure, high vulnerability to climate impacts, and strong local governance 
potential.  

●​ A key outcome of the study is a decision support tool that enables Mozambican 
authorities and development partners to visualize, compare, and prioritize off-grid solar 
microgrid opportunities in a transparent and evidence-based manner. 

Microgrid Resilience for Critical Infrastructure Networks: A Methodology for Strategic 
Deployment 

In this study, a methodology was developed to evaluate how microgrids can enhance resilience in 
critical infrastructure (CI) networks while mitigating the impact of grid failure during disasters. 
The researchers strategically located microgrids through using an optimization model. In 
addition, they assessed benefits associated with reinforcing the power distribution network by 
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conducting a network robustness analysis. The approach was applied to Puerto Rico’s power 
grid, which faced a catastrophic collapse during the 2017 hurricane season. The study followed a 
two-phase approach: first, data collection and fieldwork, including interviews with disaster 
responders and CI managers; second, numerical simulations and network robustness analysis to 
understand the effects of microgrid deployment. 

Key Takeaways: 

●​ Enhancing Resilience: The study showed that the integration of microgrids could 
substantially increase the robustness of Puerto Rico’s CI network, allowing essential 
services to remain operational during widespread outages, improving recovery times after 
catastrophic events.​
 

●​ Cost-Effective Flexibility: By incorporating microgrids into disaster-prone regions, the 
methodology offers a flexible and cost-effective way to ensure that critical infrastructure 
remains powered during grid failures, balancing cost, reliability, and resilience goals. 

3.​ Methodology 

3.1. ​ Overview 
The methodology for this study involves a combination of collaborative stakeholder engagement 
and a criteria-based assessment to identify critical facilities in Barbados that would benefit most 
from microgrid deployment. Stakeholder consultation is a key component, involving engagement 
with government ministries, the utility, community representatives, and other key stakeholders to 
understand the perceived importance and reliance on each facility. This ensures that public 
opinion shapes the project's priorities and helps arrive at a shortlist of viable facilities. The 
criteria-based assessment includes a vulnerability assessment to evaluate each facility's risk 
exposure to natural disasters, particularly hurricanes and floods, identifying those with the 
highest need for resilient power solutions. An impact analysis assesses the consequences of a 
power outage at each facility, considering factors such as the number of people served, the scope 
of services provided, and the facility’s role in disaster response. Finally, resource dependency is 
analyzed to determine how reliant each facility is on a continuous power supply for critical 
operations, such as medical life support systems in hospitals or security systems in prisons. 

3.2.​ Site Prioritization Criteria 
To ensure effective deployment of microgrids in critical facilities, we applied a point-based 
multicriteria weighting system. Each site was assigned a composite score based on 
environmental, social, and technical/physical criteria. These criteria ensure that microgrids are 
strategically placed to support critical facilities, withstand extreme weather, and maximize 
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resilience for Barbados’ essential services. They help balance technical feasibility, disaster 
preparedness, and community impact, ensuring the highest impact for microgrid deployment. 
 
Key Data Used 
 
Flood Hazard Data 
 
Flooding presents one of the most significant localized risks to critical facilities in Barbados, 
particularly given the island’s low-lying coastal zones and the region’s intensifying storm surges. 
To account for this, we included flood risk as a prioritization criterion. Flood hazard data was 
sourced from the Lands and Surveys Department of Barbados, utilizing the 100-Year Flood Line 
provided by the Coastal Risk Assessment and Management Programme (CRMP). Executed by 
the Coastal Zone Management Unit between 2012 and 2020 with support from the 
Inter-American Development Bank, the CRMP aimed to strengthen Barbados’ capacity to 
manage coastal hazards and adapt to disruptive climate events. As part of the program, LiDAR 
surveys and digital elevation modeling were used to produce accurate floodplain maps to inform 
national risk planning. The 100-Year Flood Line dataset, derived from these models, was used in 
this study to assess site exposure to flood risk and incorporated into the scoring system as a 
weighted environmental criterion.  
 
The National Disaster Preparedness Baseline Assessment (NDPBA)  

Barbados has made significant strides in disaster preparedness and risk reduction, as evidenced 
by the National Disaster Preparedness Baseline Assessment (NDPBA) conducted by the Pacific 
Disaster Center (PDC) in collaboration with the Department of Emergency Management (DEM). 
This assessment highlights the island’s exposure to multiple hazards, including hurricanes, 
earthquakes, and volcanic ashfall, as well as its socioeconomic vulnerabilities in housing, health, 
and logistics. Despite these challenges, Barbados benefits from robust institutional arrangements 
and a proactive disaster governance framework, reinforced by policies such as the 2023 
Comprehensive Disaster Management Policy. 

However, critical gaps remain in financial resources, information management systems, and 
capacity-building initiatives. The assessment underscores the importance of developing a 
national climate and disaster risk financing strategy to mitigate future risks. Strengthening these 
areas will enhance Barbados' resilience to climate change and improve its ability to respond to 
and recover from disasters. The findings of this report align with the Sendai Framework for 
Disaster Risk Reduction and the United Nations Sustainable Development Goals (SDGs), 
providing a strategic roadmap for sustainable and climate-resilient development. 

20 



For continued progress, targeted investment in disaster risk reduction, infrastructure resilience, 
and climate adaptation financing will be essential to safeguarding Barbados' communities and 
economy against future disasters. 

Department of Emergency Management 

We obtained the shelter data from the Department of Emergency Management (DEM), which 
provided an updated list of designated emergency shelters across Barbados. This data included 
the names, addresses, and contact information for Senior Wardens, Deputy Senior Wardens, and 
Emergency Wardens. DEM also supplied details on shelter capacity, infrastructure suitability, 
and any anticipated availability issues due to ongoing civil works. 

To ensure accuracy, DEM compiled this information based on official records, site assessments, 
and coordination with local disaster management personnel. The data was then reviewed to 
confirm that all listed shelters met the necessary criteria for disaster readiness.  

St. Lucia NURC Microgrids on Critical Facilities Site Selection Final Report  

RMI provided data from a similar study conducted in St. Lucia, which served as a reliable proxy 
due to the similarities between St. Lucia and Barbados. This data was instrumental in calculating 
building energy consumption, as it included monthly usage data in kWh and approximate 
building areas for police stations, schools, polyclinics, and large hospitals. Additionally, it 
provided daily load profiles for schools, hospitals, fire stations, police stations, and government 
buildings. 

To further refine our analysis, we also utilized utility bills from St. Lucia’s fire stations, allowing 
for more accurate estimations of energy demand across similar facilities in Barbados. This 
approach ensured that our calculations were grounded in real-world data, even in the absence of 
direct local consumption records. 

Point-Based Weighted System  
 
To prioritize microgrid deployment across critical facilities in Barbados, we developed a 
point-based multicriteria weighting system based on environmental, social, and 
technical/physical factors. This flexible framework allows for transparent decision-making while 
enabling future adaptability based on stakeholder feedback or changing data availability. The 
original weights were developed in consultation with the Islands Energy Team at RMI.  
 
Rationale and Flexibility 
This tool was designed to be simple yet robust, allowing for adjustments across country contexts 
or evolving stakeholder input. As emphasized by RMI, flexibility is essential, particularly in 
environments where granular facility-level data is limited. Simplicity also enhances stakeholder 
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understanding and buy-in—crucial for working with government ministries and potential 
funders. A tool that is both credible and communicable increases the likelihood of broad 
institutional support and long-term project success. 
 
Scoring Breakdown 
The scoring framework assigns each site a total score out of 7.3 points, based on the following 
categories: 
 
1. Environmental Criteria (3 points total)​
Data Source: National Disaster Preparedness Baseline Assessment (NDPBA), Risk and 
Vulnerability Assessment (RVA), Coastal Risk Assessment and Management Programme (CRMP) 

●​ 100-Year Flood Risk Score (1 point): 
●​ Low Risk: 1 
●​ High Risk: 0 

●​ Multi-Hazard Score (1 point): 
●​ Very Low or Low Risk: 1 
●​ Moderate Risk: 0.5 
●​ High or Very High Risk: 0 

●​ Resilience Score (1 point): 
●​ High or Very High Resilience: 1 
●​ Moderate Resilience: 0.5 
●​ Low or Very Low Resilience: 0 

These indicators assess the site’s exposure to natural hazards and its capacity to withstand and 
recover from disruptions. 
 
2. Social Criteria (3 points total)​
Data Source: Department of Emergency Management, RMI Site List, Population Census from 
Barbados Statistical Service  

●​ Critical Facility & Shelter Designation (1 point): 
●​ Both critical facility and designated emergency shelter: 1 
●​ Either critical facility or shelter: 0.5 
●​ Neither: 0 

●​ Population Kernel Density Estimate (KDE) (1 point): 
●​ High (> 0.002309): 1 
●​ Medium (> 0.00032 and ≤ 0.002309): 0.6 
●​ Low (≤ 0.00032): 0.3 

●​ Stakeholders Consulted (1 point): 
●​ Yes: 1 
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●​ No: 0 

This ensures equitable access to resilient infrastructure by prioritizing sites with essential public 
services and higher population concentration. 
 
3. Technical / Physical Criteria (3 points total) 
​
Data Sources: Google Earth, RMI Data, On-the-Ground Feedback 

●​ Existing Solar Infrastructure (0.5 points): 
●​ No PV present: 0.5 
●​ Existing PV present: 0.3 (may be candidate for battery-only systems) 

●​ Critical Load Capacity (0.5 points): 
●​ Surplus PV generation beyond critical load: 0.5 
●​ Meets 100% of annual critical load: 0.3 
●​ Does not meet annual critical load: 0 

●​ Road Access (0.5 points): 
●​ Accessible via primary, secondary, or tertiary roads: 0.5 
●​ No road access: 0 

●​ Roof Pitch (0.5 points): 
●​ Flat roof: 0.5 
●​ Moderately pitched: 0.3 
●​ Very steep: 0 

●​ Roof Material (0.3 points - only assessed for final 30 sites) 
●​ Concrete: 0.3 
●​ Steel or other rust-prone materials: 0 

This set of criteria evaluates feasibility of solar installation, ease of construction access, and 
whether the site can support backup power for critical operations. 
 
Criteria Rationale 

Technical/Physical Criteria Rationale 

●​ Critical Load Capacity – Evaluated the facility’s energy demand to ensure PV and 
storage capacity meet essential operational needs, especially during grid outages. 

○​ Rationale: Without considering critical load requirements, a microgrid may fail to 
provide sufficient power for vital operations, limiting its effectiveness in disasters. 

●​ PV Output Potential – Estimated based on total available rooftop area, Global 
Horizontal Irradiance (GHI), and an efficiency factor. Sites with multiple buildings were 
aggregated to calculate the total rooftop area.  
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○​ Rationale:A facility’s ability to generate sufficient solar power is crucial for the 
success of a microgrid. 

●​ Roof Pitch – Assessed the angle of the roof to determine its suitability for solar panel 
installation. Steeper roofs may reduce installation feasibility, while flat or moderately 
sloped roofs are generally preferred for optimal solar exposure. 

○​ Rationale: Roof pitch affects the efficiency and complexity of solar installations. 
A well-oriented roof with an appropriate pitch can enhance solar energy 
generation, while excessively steep or irregularly angled roofs may require 
additional mounting structures, increasing costs and complexity. 

●​ Roof Material – Evaluated the type of roofing material to ensure compatibility with solar 
panel mounting systems. Preference was given to durable materials like concrete, which 
can withstand high winds. 

○​ Rationale: RMI indicated that certain roofing materials, such as concrete, are 
more suitable for rooftop solar installations in the region due to their resilience to 
high winds and reduced risk of structural damage. Lighter materials, such as metal 
sheeting or asphalt shingles, may require additional reinforcement or alternative 
installation methods. 

Environmental Criteria Rationale 

To evaluate the suitability of microgrid deployment, we analyzed risk and resilience data at the 
parish level using insights from the National Disaster Preparedness Baseline Assessment 
(NDPBA) and the Risk and Vulnerability Assessment (RVA) (PDC, 2020). 

Key indicators include: 

●​ Multi-Hazard Risk (MHR) – A composite measure of: 
○​ Multi-Hazard Exposure (MHE) – The degree of exposure to hazards such as 

hurricanes, coastal flooding, flash flooding, earthquakes, extreme heat, and sea 
level rise. 

○​ Vulnerability (V) – The susceptibility of populations and infrastructure to hazard 
impacts. 

○​ Coping Capacity (CC) – The capacity to absorb, adapt to, and recover from 
disasters. 

○​ Rationale: Barbados is highly vulnerable to extreme weather events, particularly 
hurricanes and coastal flooding. By incorporating a Multi-Hazard Risk Score, we 
prioritize sites where microgrids will have the greatest impact in enhancing 
energy security and disaster preparedness. 

●​ Resilience – Calculated by averaging Vulnerability and Coping Capacity, this metric 
assesses how well a community can withstand and recover from disruptions. 
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○​ Rationale: A higher resilience score suggests stronger local capacity to manage 
crises, while lower resilience indicates a greater need for external support and 
infrastructure reinforcement. 

●​ Flood Hazard – Site-level exposure to the 100-Year Flood Line as mapped by the Lands 
and Surveys Department of Barbados under the CRMP. 

○​ Rationale: Flooding is a primary cause of infrastructure failure during extreme 
weather events. While the Multi-Hazard Risk score accounts for broader hazard 
exposure, flood hazard data enables finer spatial resolution of risk at the facility 
level. By incorporating site-specific exposure into the scoring, we deprioritize 
facilities located in high-risk flood zones while allowing flexibility in selection 
based on other criteria.  

Social Criteria Rationale  

●​ Population Density – Sites were ranked based on how much of the population they 
serve, ensuring equitable access to microgrid energy solutions. 

○​ Rationale: Prioritizing high-population areas maximizes the social and economic 
benefits of microgrid deployment, ensuring that energy resilience efforts reach the 
most people. 

●​ Critical Facility Designation – Only facilities identified as critical by RMI were 
considered for selection. These include hospitals, emergency shelters, civil services, 
schools, and churches. 

○​ Rationale: Critical facilities provide essential services to communities, 
particularly during emergencies. Ensuring these locations have reliable power is 
crucial for public safety, health, and disaster response. 

●​ Shelter Designation – Priority was given to sites that are designated as Category 1 
emergency shelters by the Government of Barbados, Department of Emergency 
Management.  

○​ Rationale: During extreme weather events, emergency shelters serve as temporary 
housing for displaced populations. Ensuring these sites have uninterrupted power 
can support medical care, food storage, and communication systems. Category 1 
shelters are suitable to be used during a hurricane or hazard event, compared to 
Category 2 shelters which may be used if they are still in suitable condition after 
the event.   

●​ Stakeholders Consulted –  Priority was given to select sites in which relevant 
stakeholders engaged with our team through a combination of virtual consultation and/or 
site visits, and through this engagement we learned the site would be a good candidate.  

○​ Rationale: A priority for RMI was to not only identify sites that were feasible 
from a technical and environmental standpoint but also to connect with key 
stakeholders who express interest and are willing to engage on the project moving 
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forward. Sites for which we have identified a main contact and conducted 
interviews with are valuable to RMI’s work in Barbados.  

Table 3: List of Data Points and Calculation Methods 

Criteria Question Method Data Source 

Location 
Verified  

Does the site exist when 
plotted on GIS? 

Search site name, address (if given), and 
coordinates (if given) on Google Earth and 
ArcGIS. Eliminate sites that could not be 
found.  
 

Google Earth 

Existing PV Does the site have existing 
solar PV? 

Visually examine satellite images of each 
site. Eliminate sites with existing solar PV 
installation 

Google Earth 

Road access Does the site have road 
access? 

Visually examine satellite images of each 
site. Eliminate sites without nearby roads. 

Google Earth 

Roof Pitch How sloped is the roof of 
the building? 

Visually examine satellite images of each 
site. Categorize roofs as flat, angled, or 
having a steep angle. 

Google Earth 

Roof 
Material 

Is the roof material ideal 
for rooftop solar? 

Visually examine satellite images of the final 
sites. Categorize roofs as concrete, steel, clay 
tile, or other material. 

Google Earth 

Multi-Hazard 
Risk Score 

How vulnerable is the site 
to extreme weather events?  

Assign multi-hazard risk score by parish. Barbados National 
Disaster Preparedness 
Baseline Assessment 
(Pacific Disaster 
Center, 2024) 

Resilience 
Score 

How capable is the site to 
withstand and recover 
from disruptions? 

Assign resilience score by parish. Barbados National 
Disaster Preparedness 
Baseline Assessment 
(Pacific Disaster 
Center, 2024) 

Flood Risk Is the site at risk of 
flooding? 

Identify sites that intersect with the 100-year 
floodplain 

Provided by 
Government of 
Barbados, Land and 
Surveys Department 

Population 
Distribution 

Are selected sites 
reasonably distributed 
relative to island-wide 
population density? 

Compile population data by census tract.  Barbados Statistical 
Service, Population and 
Housing Census 2021 

Critical Is the site a designated Indicate which sites are designated critical Designated by 
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Facility / 
Shelter 

critical facility or shelter? facilities, shelters, or both. Government of 
Barbados, Department 
of Emergency 
Management 

Critical Load Would the anticipated PV 
output meet the facility’s 
critical load during an 
outage (assuming 100% 
renewable backup power)? 

Estimate critical load to be 20% of building 
energy consumption.  

Recommendation from 
RMI 

3.3.​ Data Collection and Processing 
Below outlines the sequential steps taken to collect and process the data used to prioritize sites. 
 
Pre-Screening of Facilities: 

a.​ Our team received a detailed site list from RMI, comprising 251 initial sites (see 
Table 3). Entries included details such as facility name, address, parish, and 
potential contacts, along with a classification of the critical facility type. This list 
serves as the foundation of our analysis. We input these facility names into 
Google Earth to verify that the location existed and could be plotted. To clean the 
data, we excluded sites that were unable to be located and any duplicate sites.  

 
Table 3: Initial List of Facilities by Category  

 

 
Assessment of Rooftop Area and Accessibility 
 
Following the initial mapping and data organization, Google Earth was employed to visualize 
each site in greater detail. This process facilitated the identification of potential rooftop 
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obstructions, such as existing equipment or shading, which could impact future installations or 
assessments. Additionally, site accessibility via road networks was evaluated to ensure feasibility 
for transport and construction. Subsequently, the site data were imported into ArcGIS Pro 
software to determine the precise roof space of each building, enabling a comprehensive 
assessment of the available area for potential solar installations (Appendix D: GIS Maps). 
 
Estimation of Solar Photovoltaic (PV) Output 

The World Bank Solar Resource Database provided site-specific global horizontal irradiance 
(GHI) values, which were used to estimate the potential solar output for each site. This approach 
ensures a clear understanding of solar generation capacity and aids in prioritization for further 
analysis. The theoretical PV output is determined as follows: 

Theoretical PV output (kW) = GHI (kWh/m²) * Effective Panel Area (m²) * Efficiency Factor 

Where: 

●​ Effective Panel Area = 50% * Actual roof area 
●​ Efficiency Factor = PV Efficiency 20% * (1-System Losses 15%) = 17% 

In calculating the expected solar output (kWh/year), we are assuming PV is unshaded, design is 
optimized (e.g., angle, orientation, etc.), and panels are covering the entire available roof area. 
We assume that 50% of the actual roof area is effective panel area based on RMI’s input. 

Estimation of Site Energy Consumption 

Site energy consumption was estimated using data from RMI, derived from the St. Lucia study, 
which provides details on typical critical facility building types, including the number of floors 
and roof space. By integrating these parameters, we calculated the building energy use intensity 
(kWh/ft2/year) offering a structured approach to estimating the energy demand of each facility. 

Determination of Critical Load Requirements 

Insights from discussions with RMI indicate that critical loads—defined as the minimum energy 
required to sustain essential operations during outages or emergencies—can be approximated at 
20% of a building’s total energy consumption. To assess the viability of solar PV in supporting 
these critical loads, the estimated critical energy demand was compared against the projected 
solar PV output, providing insights into the extent to which solar power can sustain essential 
facility functions. For this study, we estimated the critical load to be 20% of the site’s typical 
energy consumption.  

Integration of Parish-Level Risk and Resilience Data 
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The DisasterAWARE Pro database was used to obtain multi-hazard risk and resilience scores at 
the parish level (See Appendix B). These scores were integrated into the job site selection 
process by categorizing locations based on their risk and resilience levels. Sites falling within 
moderate to very high-risk zones and/or low to moderate resilience zones were prioritized to 
ensure the communities most in need benefit. This data served as an initial marker, guiding 
stakeholder discussions to assess site suitability and gather local insights on potential risks and 
adaptive capacity. 

Flood Risk Screening of Facility Sites 

100-Year Flood Line data procured from the Lands and Surveys Department was imported as a 
shapefile into ArcGIS Pro software, where an intersection analysis was performed to determine 
and deprioritize facilities at risk of extreme flooding events.  

Population Density Analysis for Social Scoring 

Population counts by census tract were obtained from the Barbados Statistical Service 2021 
Population and Housing Census. Centroids of each tract were used as input points, with 
population values assigned as weights. Kernel Density Estimation (KDE) was applied in ArcGIS 
Pro to interpolate a continuous surface representing population density across the island. A 
search radius of 1500 meters was selected to balance spatial smoothing and localized variation, 
allowing for the visual and quantitative identification of high-density population clusters to 
inform social criteria scoring.  

3.4.​ Incorporating Stakeholder Interviews 

Outreach Background & Stakeholder Engagement Plan 
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The goals of stakeholder engagement included ensuring that stakeholders were engaged and 
educated on the analysis that could most benefit them so that we could select microgrid locations 
that best serve Barbados. We initially planned to meet with government ministries and selected 
sites to gather insights on their needs and preferences, as it relates to emergency planning and 
critical facilities/services. RMI played a significant role in coordinating outreach efforts, 
leveraging their existing relationships with local stakeholders including with the Ministry of 
Energy and Business and Ministry of Health. However, we were only able to do three 
stakeholder consultations.  

Stakeholder Interview Process 

 

We designed a structured interview process, taking into account best practices from similar 
projects, such as the St. Lucia Case Study. The interview questions were developed through 
multiple iterations, incorporating feedback from RMI and Social Science Research Institute at 
Duke University. We developed two survey instruments, one with questions tailored to 
ministry-level stakeholders and the other with questions for facility-level stakeholders (See 
Appendix C) 

The questions had themes covering: 

○​ Essential Services 
○​ Strategic Importance 
○​ Reliability and Disaster Resilience 
○​ Vulnerability Assessment and Natural Hazards 
○​ Community Needs and Priorities  
○​ Critical Load and Energy Consumption  
○​ Infrastructure and Accessibility  

Data Collection & Incorporation into Site Selection Process 
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We conducted three stakeholder consultations with the Ministry of Health, the Christ Church 
Foundation School and Queen Elizabeth Hospital. These discussions provided critical insights to 
understand their needs and preferences, as it relates to emergency planning and critical 
facilities/services and served as the final data source for selecting optimal sites. These 
stakeholder interviews directly influenced our weighted criteria by reinforcing the importance of 
energy reliability, structural feasibility, disaster resilience, and grid integration. As a result, 
healthcare facilities, emergency shelters, and structurally sound sites with viable space for solar 
and storage solutions were prioritized.  

Site Visits 

We conducted 11 site visits to gather stakeholder contact information and build relationships 
with critical facilities identified as potential candidates for microgrid development. These visits 
also enabled us to visually assess infrastructure conditions, road accessibility, and roof pitch 
suitability. Most site visits were concentrated on the eastern side of the island to ensure coverage 
of rural areas and regions less susceptible to flooding. 

Consultation Summaries  

Stakeholder Meeting #1: Ministry of Health  
Date: December 5, 2024​
Attendees: Dr. Kenneth George, Ingrid Cumberbatch, Leslie Rollock, Paula Agbowu (Queen 
Elizabeth Hospital), Gregston Haynes 
 
Several solar installations have been completed or partially installed at local clinics and district 
hospitals, though many face power demand challenges due to roof size constraints. The project 
prioritizes robust energy storage to ensure power reliability during storms. There is openness to 
integrating solar installations into new facilities, such as psychiatric and geriatric hospitals, if 
desired by the Ministry of Health. Essential healthcare services include general practice, 
polyclinics, school health clinics, and community health education, with the Winston Scott Clinic 
identified as a critical 24/7 facility. Challenges include aging clinic buildings with limited roof 
capacity, lack of ground-mount options due to parking space constraints, and hospitals with 
outdated infrastructure that may not support grid integration. Site-specific feasibility assessments 
are essential to address shading, structural limitations, and regulatory requirements. Disaster 
resilience remains a key concern, with district hospitals and in-patient facilities prioritized for 
energy reliability, as polyclinics do not operate during emergencies. 
 
Stakeholder Meeting #2: Queen Elizabeth Hospital 

●​ Date: February 27,2025 
●​ Attendees: Paula Agbowu, Director Engineering Services 
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The Queen Elizabeth Hospital (QEH) is a general hospital located in the capital city Bridgetown 
in the parish of Saint Michael. It is rated by the Pan-American Health Organization (PAHO) as a 
Category B hospital facility, meaning the facility can resist a disaster but equipment and critical 
services are at risk (Pan American Health Organization, n.d.). We conducted a stakeholder 
consultation with their Director Engineering Services. As QEH is the only acute care facility in 
Barbados, their highest priority is to provide continuous care throughout the duration of a 
disaster. QEH has existing diesel generator backup power, sufficient for two weeks of backup 
power at 100% of their electrical load. This is distinct from other healthcare facilities in 
Barbados (e.g., polyclinics, regional hospitals) which typically have backup power but for a 
lesser duration. The stakeholder emphasized that it is essential that other medical facilities have 
backup power to lessen the burden on QEH, particularly for addressing non-emergency medical 
needs.  
 
Although the hospital has an existing 40 kW rooftop solar array, there is no additional rooftop 
space suitable for expanding this array, thus the stakeholder identified solar carports as the most 
viable option. Although solar carports are outside the scope of this project, there could be future 
consideration of pairing this with battery storage. In particular, the hospital has an agreement 
with Barbados Light & Power to operate independently and turn on generator power to help with 
grid stabilization. Thus, having renewable backup generation could be useful for grid 
stabilization and offset the use of diesel during these scheduled events.  
 
Stakeholder Meeting #3: Christ Church Foundation School  

●​ Date: March 25,2025 
●​ Attendees: Dr. Wendy Lewis, Principal  

Christ Church Foundation is a sixth form Government Secondary School located in Oistins, 
Barbados (Appendix D, Map 9). We conducted a stakeholder consultation with their Principle. 
The site is a designated Category 1 hurricane shelter and serves as a critical facility for the 
community. This community includes the population it directly serves, such as teachers, staff, 
and approximately 1,100 students, as well as nearby vulnerable communities, such as those who 
lack structurally sound housing and would need to seek shelter at the school during a disaster.  If 
the school were non-operational during a disaster, the impact would be highly significant. 
According to the Principal of Christ Church Foundation, “...the children live in different areas 
[where] there may be no electricity, so there is no guarantee that they have solar panels at home 
and have power so that they can still do [school] work…” The school currently has a diesel 
generator estimated to provide one week of backup power to a portion of the school, which 
includes the auditorium and deputy principal’s office. Critical functions include lighting and 
cooling of the auditorium space, which would serve as the emergency shelter. There is strong 
interest in adding additional backup power, and the stakeholder confirmed there is sufficient 
space for battery storage. This school is among several schools that the Ministry of Education is 
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assessing for rooftop solar. We recommend that the Ministry considers pairing this rooftop solar 
with battery storage, given the critical importance of this facility as an emergency shelter.  
 
Key takeaways from the stakeholder consultations that influenced our weighted criteria include:  
 
Energy Reliability is a Top Priority for Healthcare Facilities 

●​ The Ministry of Health emphasized the need for robust energy storage due to power 
demand challenges at clinics and hospitals. 

●​ The Queen Elizabeth Hospital (QEH) has two weeks of diesel backup power, but other 
medical facilities lack similar capacity, making decentralized energy solutions critical to 
reducing the burden on QEH 

●​ Impact on Weighted Criteria: Increased prioritization of meeting critical load in site 
selection, especially for hospitals and critical healthcare facilities.​
 

Infrastructure Limitations Affect Solar Deployment Feasibility​
  

●​ Many clinics and hospitals have limited rooftop space for solar due to aging 
infrastructure and shading constraints. 

●​ Ground-mount solar options are often not viable due to land-use constraints, particularly 
in urban areas like Bridgetown, Barbados capital, and a population dense region. 

●​ Impact on Weighted Criteria: Rooftop availability became a more heavily weighted 
factor, ensuring that selected sites can physically support solar and storage installations.​
 

Emergency Shelter Sites Must Have Resilient Power Solutions 

●​ Christ Church Foundation School is a Category 1 hurricane shelter, serving vulnerable 
communities in times of disaster. 

●​ Current backup power is limited to one week, covering only part of the school, creating a 
risk of energy shortages during extended outages. 

●​ Impact on Weighted Criteria: Elevated the importance of flood hazard data as well as the 
multihazard and resilience scores, when prioritizing sites, ensuring that emergency 
shelters have sufficient energy resources. 

 
Stakeholder Engagement Matrix 
 
For RMI to start classifying relationships, strategizing next communications and assessing risks 
of the project, this stakeholder engagement matrix will help organize the progress made with 
stakeholders, and the pain points that need to be addressed with further follow-ups. Each 
engagement provided context for our criteria and how we wanted to prioritize sites, as well as 
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determine which facilities are most feasible for microgrid development, and the interest from 
stakeholders for alternative energy resources. The stakeholder consults we were able to do 
provided critical insights in particular with schools and medical services, therefore RMI can 
continue with this focus, as we made progress with speaking with the Ministry of Health, as well 
as the Queen Elizabeth Hospital and Christ Church Foundation School.  
 

 
Legend: X Low X Moderate X High  
 
Engagement across stakeholders has varied, with notable insights and opportunities emerging 
from both high and low-engagement entities. The Ministry of Energy & Business, despite a low 
engagement level, provided critical insights into systemic challenges such as interconnection 
queue delays and battery storage constraints—highlighting infrastructure bottlenecks that could 
impact future energy deployment. 

The Ministry of Education and Ministry of Health, though less engaged, still offer moderate 
potential, particularly in scaling up solar infrastructure at educational and health facilities, albeit 
with structural limitations like roof size. 

On the ground, Christ Church Foundation School and Queen Elizabeth Hospital stood out as key 
high-impact sites, given their roles as essential service providers and emergency shelters. Both 
institutions present opportunities for resilient energy solutions such as solar carports and battery 
storage to ensure continuity during grid outages. 
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Smaller institutions like Bayleys Primary and the Geriatric Hospital, while currently low in 
engagement and impact, expressed interest in renewable energy, signaling possible future 
collaboration with increased outreach. 

Therefore, RMI should continue forging connections with the ministries in particular, and the 
sites they will focus on when moving to the next phase of the project.  

Challenges & Lessons Learned 

Challenges​
Scheduling stakeholder interviews with key agencies, including the Ministry of Energy, the 
Ministry of Health, and the Ministry of Education, has proven to be a significant challenge. 
These stakeholders play a crucial role in providing direct context on the island’s infrastructure 
and the facilities they manage. Delays in coordinating these discussions have impacted the 
timeline for gathering essential quantitative and qualitative data.  

Lessons Learned​
Stakeholder engagement is a time-intensive process that requires significant coordination and 
advanced planning. In future studies, initiating outreach to government agencies even 
earlier—particularly before periods of limited availability, such as the holiday season—will be a 
key priority. Despite these challenges, stakeholder engagement remains a critical component of 
the project, ensuring that facility selection is informed by local expertise and directly supports 
Barbados' energy resilience goals.  

4.​ Results and Discussion 
 
Results  
In order to conduct a robust analysis on which sites are suitable and feasible for microgrid and 
energy storage system implementation, we added a weighting tool to our spreadsheet that allows 
for the user to run various scenarios prioritizing different criteria. The weighting schemes were 
developed through literature review, discussions with stakeholders and RMI, and our own 
opinions based on the information and data available. 
 
After applying the criteria framework outlined above, we narrowed the final list to 33 sites 
(Table 4).  
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Table 4: Final List of Prioritized Sites 

Facility Name Parish Facility Type Score 

Six Roads Seventh Day Adventist 
Church 

St. Philip Church 8.3 

Church of God, Orange Hill St. James Church 8.2 
The Lester Vaughan School St. Thomas School 8 
Queen's College St. James School 8 
Ellerton Wesleyan Holiness Church St. George Church 8 
Ellerton Primary School St. George School 8 
Cuthbert Moore Primary St. George School 8 

Ruby Nazarene Church  St. Philip Church 7.5 
Roland Edwards Primary School St. Peter School 7.5 
Hilda Skeene Primary St. Philip School 7.5 
Coleridge and Parry School St. Peter School 7.5 
Christ Church Foundation School Christ Church School 7.5 
Hillaby-Turner's Hall Primary School St. Thomas School 7.4 
Gordon Greenidge Primary School St. James School 7.4 
Johnson Memorial Hospital St. Thomas Medical 7.2 
The Glebe Police Station, St.George, 
Barbados 

St. George 
Police 
Station 

7 

St. Christopher Primary School Christ Church School 7 
Gordon Cummins District Hospital St. Thomas Medical 7 
Dalkeith Mehodist Church St. Michael Church 7 
Church of Christ At Six Roads St. Philip Church 6.9 

District D police station St. Thomas Police 
Station 6.8 

St. James Primary School St. James School 6.6 
The University of the West Indies 
Barbados 

St. Michael College 6.5 

The Sparman Clinic St. Michael Medical 6.5 

St Joseph Hospital St. Peter Medical 6.5 

Black Rock Seventh Day Adventist 
Church  

St. Michael Church 6.5 

Gordon Walters Primary School Christ Church School 6.4 
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Lodge School St. John School 5.4 
A Dacosta Edwards St. Andrew School 3.4 
St. Lucy District Hospital St. Lucy Medical 4.4 

 

Insights on Prioritized Sites List 

●​ Parish Representation: To ensure adequate coverage throughout the island, it was 
important to prioritize both population density and parish representation. In this list, 
seven out of eleven total parishes are represented, which houses about 89% of the 
population.  

●​ Types of Critical Facilities: We aimed to arrive at a final list that represented an array of 
facility types, as each facility plays a different critical function. The majority of final sites 
were schools, followed by medical facilities, churches, police stations, a university,  a 
conference center, and bank (see Figure 3). This is likely due to the high prevalence of 
schools and churches in the original list of 250 sites. This also makes sense, as the 
weighting criteria prioritized sites in densely populated areas, and schools and churches 
tend to be located near residential areas.   

●​ Reduced Flood Risk: It is best practice to site critical facilities outside of all high-risk 
flood zones (FEMA, 2025). By intersecting our sites with the 100-year floodplain data, 
we were able to eliminate sites with high flood risk from our final results. This is 
essential so that emergency responders and community members can safely travel to 
these sites during flood events.  

●​ Site Highlights: Two of these sites (Christ Church Foundation, Geriatric Hospital) were 
given additional weight due to successful engagements with their primary stakeholders. 
For example, we learned that the Geriatric Hospital will be relocating to a newly built 
site. This makes it a great candidate compared to other sites, which may have aged 
infrastructure and be more vulnerable to environmental hazards. The Christ Church 
Foundation school (Appendix)  is also an excellent candidate due to their designation as a 
Category 1 hurricane shelter.  

●​ Stakeholder Engagement: Our selected criteria was heavily based on the St. Lucia Case 
Study that used similar criteria. The St. Lucia study used stakeholder interviews to 
develop a weighting system, to balance multiple priorities at each site, and to provide 
NURC a final recommendation of six sites. In the future, when more stakeholders are 
reached, we believe this would strengthen the site selection. 

Figure 3: Histogram showing distribution of facility types in selected sites 
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The distribution of facilities reflects a diverse range of types, with schools and medical centers 
representing the highest concentrations. This is due in part to potentially strong local buy-in from 
the Ministry of Health and the Ministry of Education, as well as the fact that our site visits in 
Barbados primarily focused on schools and medical services. 

Discussion 

Framework Reliability 

The final list includes 30 recommended sites selected based on environmental, social, and 
technical/physical criteria identified through previous studies, RMI consultations, stakeholder 
input, and our own assessments during our visit to the island. The spread of facilities include 14 
schools, 8 churches, 6 medical facilities, 1 police station, 1 college, and 1 conference center. We 
used a points-based system to weight the chosen criteria, which allows for greater flexibility in 
adjusting the weights of each criteria and ensures these sites meet RMI’s priorities for 
maximizing the potential positive impact for new rooftop PV paired with storage. To identify 
sites with highest potential impact, we prioritized sites that were population-dense, in regions 
with low environmental hazard and high resilience scores, with maximum rooftop availability, 
and that function as both a critical facility and emergency shelter. This gave us a method to more 
objectively select sites based on a score. By increasing weight on social criteria (population 
density and critical facilities), we arrived at a final site list with greater diversity in facility types 
and parishes. Our results highlight a diverse mix of prioritized sites, chosen based on multiple 
sources' consensus on the most critical social, environmental, and technical/physical factors. This 
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approach demonstrates how a multi-criteria decision-making framework can be tailored to 
support equitable and technically viable site selection for clean energy infrastructure. 

Equitable site selection is essential to meeting community needs and minimizing delays due to 
technical or regulatory complications. The integration of GIS analysis with stakeholder input 
offers a comprehensive way to assess a site’s suitability for microgrids and energy storage. These 
results provide a foundation for future feasibility studies that incorporate technical, spatial, and 
community-centered data to enable holistic planning. Moreover, this study contributes a 
replicable framework for evaluating microgrid potential at critical facilities—an area that 
remains underexplored in the literature. 

Stakeholder Additionality  

Several past studies were consulted to assist in creating the weighted criteria framework 
presented in our study. These case studies not only completed stakeholder engagement as a part 
of their analysis but underscored the value of including early stakeholder engagement to 
prioritise local input. These studies, including the St. Lucia study (RMI, 2022), the North 
Carolina UPC study (Ayyagari et al., 2024), and the West Virgina Study (Leader et al., 2022), all 
conducted stakeholder engagement prior to finalizing their site selection methodologies. 
Moreover, many other case studies not directly consulted, including microgrid site selection 
studies in Kentucky (Leader, 2021), New Jersey (Leidos Engineering, 2018), and Oregon 
(Armitage et al., 2022) that all featured early stakeholder engagement prior to finalizing a site 
selection method. While early stakeholder engagement was prioritized for this study, there were 
limited responses from stakeholders. Our study received limited to extensive engagement from 
six local stakeholders. Our preferred number was closer to 20-30, to correspond with the number 
of final site recommendations.  

However, the weighted criteria framework proved very robust during the stakeholder 
engagement process. Our group was able to update and change the weights of the criteria list as 
stakeholder meetings were completed and local priorities became clearer. As opposed to past 
studies, this is a possible indication that a weighted criteria framework proves flexible and robust 
in situations with limited or drawn out stakeholder engagement. Though we received less 
engagement, the weighted framework could still produce a list of sites that were 
environmentally, socially, and technically feasible. Unlike past studies, this study indicates that 
with a weighted criteria framework, stakeholder engagement can be pursued both during and 
after technical criteria evaluation. This could be useful for organizations that may also be 
experiencing limited stakeholder engagement during a microgrid siting process.  

Potential Solar Generation 

During the technical criteria evaluation of this study, the critical load for each site was estimated 
as a percentage of the building's total energy demand. While some utility bills were available for 
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reference, the critical load for a large portion of sites were estimated using guidance from our 
client, RMI. Additionally, potential solar energy output at each site was evaluated using the solar 
resource data from the World Bank and a PV output formula, detailed in the methodology 
section. If a site met or exceeded the estimated critical load, with the estimated PV generation 
that the site would be favored based on the weighting criteria detailed in the methodology 
section.  

Our analysis demonstrated that a vast majority of the sites could support the estimated critical 
load of the building during normal solar generation hours. Depending on the roof size, some sites 
were able to support a considerable amount of generation. Upwards of 44% of the sites could 
support above 2000% of their estimated critical load. These findings underscore and support 
previous research about the Caribbean region’s solar potential (Mowla, 2024), (Global 
Americans, 2022) as well as the ability for solar powered microgrids to supply building demands 
(RMI, 2020), (Peters, 2020).  

Barbados as a Distinctive Case for Microgrids and Storage 

Barbados presents an important context for the deployment of microgrids and storage relative to 
other island nations in the Caribbean and broader Small Island Developing States (SIDS). 
Several characteristics distinguish Barbados and shape the reasons for this study: 

1. High Penetration of Decentralized Renewable Energy​
 Barbados has rapidly scaled decentralized renewable energy (RE) uptake, particularly at the 
residential and small commercial levels. According to internal communications with RMI,  
approximately 90 MW of the island’s 100 MW RE capacity is decentralized—a striking contrast 
to many other islands where centralized utility-scale RE still dominates. This widespread 
integration of distributed energy resources (DERs) creates a highly favorable foundation for 
localized energy resilience strategies. According to the latest government figures, the national 
grid currently hosts 109 MW of solar capacity, with approvals for over 230 MW and a pipeline 
of more than 330 MW (Moore 2024). This rapid growth underscores the feasibility of DER-led 
microgrids and reflects a broader transformation of the national energy landscape  

2. Progressive Policy and Regulatory Framework​
 Barbados' regulatory landscape, including its Renewable Energy Rider and attractive feed-in 
tariffs (FIT), has long incentivized small-scale RE adoption (Barbados Light & Power, 2024). 
These measures have catalyzed a vibrant distributed energy market and positioned the island as a 
regional leader in policy innovation. The maturity of this framework significantly reduces 
regulatory friction and facilitates the integration of microgrids into existing infrastructure. 

3. Public Awareness and Energy Literacy​
Barbados' longstanding experience with solar water heaters has fostered a strong foundation of 
energy literacy across the island. Since the 1970s, solar water heaters have been widely adopted, 

40 



making Barbados one of the global leaders in per capita installations (Smart Energy Barbados, 
n.d.). This early exposure to renewable energy technologies has helped cultivate a culture of 
familiarity and trust in sustainable energy solutions among both the public and key stakeholders, 
including government, utilities, and civil society organizations. As a result, Barbados has 
developed a robust understanding of decentralized energy systems, which greatly facilitates 
stakeholder engagement and accelerates the implementation of new projects, such as microgrids 
for critical facilities. This level of familiarity and institutional support sets Barbados apart from 
other regions where such technologies may be less integrated, allowing for smoother project 
development and greater success in scaling renewable energy solutions. 

4. Strong National Commitment to Energy Transition​
Barbados’ commitment to achieving 100% renewable energy by 2035 provides essential political 
will and alignment across sectors (Government of Barbados, 2025).  “By 2026, once we get 
batteries into the system, we could hit 60 percent of our consumption through solar PV alone,” 
said Senator Lisa Cummins, Minister of Energy and Business (Moore 2024). She also 
highlighted future opportunities for wind and hydrogen, signaling Barbados’ trajectory toward 
fully renewable electricity. This high-level support ensures that energy resilience efforts—such 
as the deployment of microgrids—are not isolated efforts but embedded within a coherent 
long-term national strategy. 

Limitations 

Stakeholder Engagement​
Without comprehensive stakeholder data, we adapted to a flexible and inclusive approach to site 
selection. Unlike the case studies in West Virginia, St. Lucia, North Carolina, and Mozambique, 
where extensive stakeholder consultations informed the development and weighting of selection 
criteria, our study faced significant data and engagement constraints. As a result, we adapted and 
applied many of the same criteria used in those studies, while also incorporating RMI’s internal 
priorities and insights from our on-the-ground assessments during our visit to Barbados. 

We made a conscious effort to avoid prematurely excluding sites that met some—but not all—of 
the selection criteria, or those that showed potential for strong community interest despite not 
fully aligning with the points-based system. In the absence of direct consultations, we were 
unable to access utility bills or energy consumption data. To address this gap, we relied on proxy 
data from the St. Lucia case study to estimate energy use intensity (EUI), photovoltaic output, 
and critical loads for different facility types (e.g., primary schools, secondary schools, 
polyclinics, large hospitals, and police stations). While practical, this approach introduces 
limitations. The assumption that facilities of the same type exhibit similar energy usage may not 
always hold, and contextual differences between islands may impact the accuracy of projections. 

The limited stakeholder input also meant that community-specific concerns and priorities were 
not directly reflected in the scoring process. This underscores the importance of early and 
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sustained engagement—not only to access granular data but to shape a site selection process that 
reflects community needs and aligns with regulatory frameworks throughout the project 
lifecycle. However, the stakeholders we were able to connect with were given a point.  

Geospatial and Multi-Criteria Analysis​
Similar to projects in West Virginia, St. Lucia, North Carolina, and Mozambique, our study 
integrates GIS tools and a multi-criteria decision-making framework to assess site feasibility. In 
our case, proximity to critical infrastructure, load profile data, and renewable resource 
availability were central in evaluating sites—paralleling the approaches taken in North Carolina 
and West Virginia. This methodology ensures a spatially informed, data-driven process that 
aligns with best practices in microgrid planning, even when primary data is limited. 

Socioeconomic and Resilience Prioritization​
Like SEPA’s West Virginia study, our project incorporates community vulnerability and 
resilience as key criteria in site selection. Evaluating socioeconomic indicators and disaster risk 
supports equitable and just energy transitions—an increasingly standard component of 
high-quality microgrid planning. 

However, unlike the U.S.-based studies, our work directly addresses the unique climate 
vulnerabilities and energy import dependencies facing Caribbean nations. These include seasonal 
weather patterns, hurricane exposure, and the logistical complexities of maintaining 
infrastructure on small island systems. In response, we placed greater weight on resilience, 
prioritizing sites in areas with low multi-hazard risk scores and minimal flood risk to reduce the 
chances of system damage during natural disasters. 

In the West Virginia study, for example, the top 10 percent of scoring sites per facility type were 
identified as the highest potential locations for microgrid deployment. Our approach mirrors this 
method but adds a contextualized equity and climate resilience lens, shaped by available data, 
RMI input, and adaptations of criteria from other studies. 

Critical Load 

Our assumption that microgrids would be designed to cover only the critical loads of each 
facility aligns with best practices identified in existing Caribbean microgrid research, particularly 
the Puerto Rico case study. That study emphasizes that while critical loads vary by facility 
type—such as medical equipment in hospitals or pumps in wastewater treatment plants—the key 
principle is that microgrids provide reliable backup for essential functions during grid outages. 
Due to the absence of stakeholder-derived load data for this project, we relied on proxy energy 
use intensity (EUI) data from the St. Lucia case study to estimate critical loads by facility type. 
These estimates were then compared with projected PV output and rooftop availability to ensure 
that the proposed systems could meet or exceed the expected energy demand during 
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emergencies. This method, while based on assumptions, is consistent with regional planning 
strategies and offers a practical framework in the absence of detailed utility data.  

Recommendations 

We recommend that RMI proceed with further stakeholder consultations, particularly engaging 
the Ministry of Energy, Health, and Education. These consultations will help validate our site 
selection conclusions and ensure alignment with national priorities. Additionally, stakeholder 
input will be instrumental in advancing the project by securing buy-in and addressing any 
concerns early in the process. 
 
Based on insights from other feasibility studies, we recommend that RMI also consider factors 
such as geographic proximity to nearby facilities, load profiles, and various microgrid sizing 
scenarios. Additionally, conducting a cluster analysis of the top-scoring facilities could help 
determine whether a community microgrid approach would be more suitable. 

We also recommend utilizing the scenario tool provided to dynamically adjust prioritization 
criteria based on evolving needs and priorities. This tool will enable RMI to assess different 
scenarios, ensuring flexibility in site selection and allowing for data-driven decision-making as 
conditions change. 

Conclusion  

This study identified 30 critical facilities in Barbados with high potential for rooftop solar PV 
and battery storage, selected through a multi-criteria decision-making framework that integrates 
environmental, social, and technical considerations. By emphasizing equity, resilience, and 
incorporating stakeholder feedback with spatial analysis, this approach supports holistic and 
community-aligned energy planning. The resulting site list and methodology offer a replicable 
model for other Small Island Developing States (SIDS) aiming to deploy clean energy 
infrastructure at scale. 

 

 
 
 

43 



 

Appendix 

Appendix A: Barbados Contextual Data and Social Vulnerability Index 
 
Table 1: Barbados Contextual Data 

Category Indicator Value 

Geography Land Area 430 sq km 

 
Forested Land 
Area 63 sq km 

 Coastline Length 97 km 

 
Administrative 
Units Parishes 

 List of Parishes 

Saint Michael, Christ Church, Saint George, 
Saint Philip, Saint John, Saint James, Saint 
Thomas, Saint Joseph, Saint Andrew, Saint Peter, 
Saint Lucy 

Demographics 
Total Population 
(2025)  282,564  

 
Urban Population 
(2022) 89% 

 
Population Density 
(2024) 656.92 persons per sq km 

 Life Expectancy 77.7 years 

 
Population by 
Ethnicity 

92.4% African descent, 3% Mixed, 3% White, 
3% East Indian, 3% Other/Unspecified 

 
Fixed Broadband 
Subscribers 36.47 per 100 people 

Economy GDP (PPP) $3.7 billion 
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GDP per Capita 
(Current US$) $14,816.86 

 
Unemployment 
Rate 14.10% 

 Poverty Rate 19% 

 
Indigent 
Population 9.10% 

Key Infrastructure 
Emergency 
Services Shelters, Fire Stations, EOCs 

 
Hospitals and 
Clinics Queen Elizabeth Hospital (QEH) – 536 beds 

  
St. Michael District (Geriatric) Hospital – 294 
beds 

  St. Philip District Hospital – 152 beds 

  St. Lucy District Hospital – 57 beds 

  Gordon Cummins Hospital – 51 beds 

  St. Michael’s Psychiatric – 550 beds 

  Bayview Hospital – 23 beds 

Source: 2024 Pacific Disaster Center  
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Map 1:Social Vulnerability Index (SVI) in Barbados 

 
Source: Cumberbatch et all, 2020, University of the West Indies 
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Appendix B: Resilience, Vulnerability, and Natural Hazard Data 
 

Map 1: Resilience Index by Parish 

 
Source: 2024 Pacific Disaster Center 
 

Map 2: Multi-Hazard Risk Index by Parish 

  
Source: 2024 Pacific Disaster Center 
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Table 1: Multi-Hazard Risk Score by Parish   
 RANK PARISH INDEX SCORE 

VERY HIGH 1 Saint 
Michael 

0.584 

2 Saint Lucy 0.573 

HIGH 3 Saint 
Joseph 

0.517 

4 Saint 
Andrew 

0.507 

MODERATE 5 Saint John 0.504 

6 Christ 
Church 

0.448 

LOW 7 Saint Peter 0.433 

8 Saint Philip 0.415 

VERY LOW 9 Saint 
James 

0.345 

10 Saint 
Thomas 

0.303 

11 Saint 
George 

0.271 

    

 
Source: 2024 Pacific Disaster Center 
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Table 2: Resilience Score by Parish 

 
Source: 2024 Pacific Disaster Center 
 
Table 2. Scoring Breakdown and Rationale for each criteria 

Category Sub-Criteria Scoring Rationale 

1. Environmental 
Criteria (3 pts) 

100-Year Flood 
Risk 

Low Risk: 1 
High Risk: 0 

Avoids infrastructure 
failure during flooding 
events. 

 Multi-Hazard Score 

Very Low/Low: 1 
Moderate: 0.5 
High/Very High: 
0 

Prioritizes locations with 
lower exposure to multiple 
natural hazards. 

 Resilience Score 

High/Very High: 
1 
Moderate: 0.5 
Low/Very Low: 0 

Highlights communities 
with greater capacity to 
manage and recover from 
disruptions. 

2. Social Criteria (3 
pts) 

Critical Facility & 
Shelter Designation 

Both: 1 
One: 0.5 
Neither: 0 

Ensures critical services 
(e.g., hospitals, shelters) 
remain operational during 
emergencies. 
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Population Kernel 
Density Estimate 
(KDE) 

High 
(>0.002309): 1 
Medium: 0.6 
Low (≤0.00032): 
0.3 

Targets areas with higher 
population for equitable 
energy access. 

 

Stakeholders 
Consulted 

Yes: 1 
No: 0 

Prioritizes engagement 
and feasibility through 
local buy-in. 

3. Technical/Physical 
Criteria (3 pts) 

Existing Solar 
Infrastructure 

No PV: 0.5 
Existing PV: 0.3 

Identifies battery-only 
opportunities vs full PV + 
storage systems. 

 

Critical Load 
Capacity 

Surplus: 0.5 
Meets 100% 
Load: 0.3 
Doesn’t Meet: 0 

Ensures microgrid can 
meet essential energy 
needs. 

 Road Access 

Road access: 
0.5 
No access: 0 

Supports ease of 
equipment transport and 
construction. 

 Roof Pitch 

Flat: 0.5 
Moderate: 0.3 
Steep: 0 

Impacts solar panel 
installability and cost. 

 

Roof Material (Final 
30 sites only) 

Concrete: 0.3 
Steel/Other: 0 

Concrete roofs preferred 
for durability and 
mounting stability. 
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Appendix C: Stakeholder Consult Questions 
 

Microgrid Feasibility Study on Critical Facilities in Barbados - November 2024 

Stakeholder Consultation Questions 

QUESTIONS FOR GOVERNMENT MINISTRIES  

1.​ Essential Services 

●​ What essential services does your ministry or department provide for community well-being and 
safety? 

●​ Which of these facilities or infrastructure are the most critical to delivering these services? Which 
would you prioritize for micro-grid installation? [Present list of facilities to choose from] 

●​ How many people or facilities would benefit from the energy provided by a microgrid at each 
location? 
 

2.​ Strategic Importance 

●​ Are these facilities considered strategically important for national security, economic 
development, or other critical functions? 

●​ Are you aware of any large substations nearby?  
●​ Are you aware if the area/community has electrical reliability issues? 

3.​  Reliability and Disaster Resilience 
●​  In what ways could the community benefit from having a microgrid system to ensure continuity 

of services during a hurricane or other natural disaster?  

     4. Vulnerability Assessment and Natural Hazards 
●​ To your knowledge, have there been any instances of flooding, storm surge, landslides, or other 

natural disasters at any of the prioritized sites?  
●​ To your knowledge, has a vulnerability assessment been conducted to identify facilities or regions 

most susceptible to disruptions? What criteria were used? Is this publicly available? 

     5. Community Needs and Priorities 

●​ What communities (e.g., towns, villages, neighborhoods) do the prioritized facilities primarily 
serve?  

●​ Are there sub-sections of the community (e.g., women, youth, vulnerable groups) that are more 
reliant on these facilities?  

●​ How significant would the impact be on the community if these facilities were to be 
non-operational during a disaster? 

●​ Is there potential for community opposition to a microgrid installation project at any of the sites 
identified as critical?  
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QUESTIONS FOR SITE- SPECIFIC STAKEHOLDERS 

1. Critical Load Profile and Energy Consumption 
●​ In the event of a power outage, what are the critical electrical needs that must remain powered 

(e.g., HVAC, lighting, health equipment, telecommunications, alarm systems)? 
●​ Can you provide a recent utility bill or other document highlighting energy consumption for the 

facility over a 12-month period? 

2. Strategic Importance 
●​ Are you aware of any large substations nearby?   
●​ Are you aware if the area/community has electrical reliability issues? 

3. Vulnerability Assessment and Natural Hazards 

●​ To your knowledge, have there been any instances of flooding, storm surge, landslides, or other 
natural disasters at any of the prioritized sites?  

●​ To your knowledge, has a vulnerability assessment been conducted to identify facilities or regions 
most susceptible to disruptions? What criteria were used? Is this publicly available? 

4. Community Needs and Priorities 
●​ What communities (e.g., towns, villages, neighborhoods) do the prioritized facilities primarily 

serve?  
●​ Are there sub-sections of the community (e.g., women, youth, vulnerable groups) that are more 

reliant on these facilities?  
●​ How significant would the impact be on the community if these facilities were to be 

non-operational during a disaster? 
●​ Is there potential for community opposition to a microgrid installation project at any of the sites 

identified as critical? 

5. Infrastructure and Accessibility 

●​ What is the current condition of the electrical infrastructure (e.g., wiring, distribution systems) at 
this site? (Potentially for Site Electrician) 

●​ What is the current condition of the buildings and infrastructure?   
●​ Is there sufficient space on-site for battery storage?  

○​ (For reference, a small-medium battery (70/80kWh) is about the size of a fridge – 6 ft 
high, 3ft wide, 2 ft wide, with 1 foot clearance on each side. Schools might need 
30-50kWh, health <100kWh. For larger BESS, a garage or similar can work) 

●​ Is there any available roof space or land? 
●​ Do you have plans for the space that could hinder or be beneficial to the installation of a 

microgrid?  

6. Optional Questions 
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●​ Are there opportunities for collaboration with organizations involved in disaster response and 
recovery? 

 
 
 

Appendix D: GIS Maps 
Map 4: 100-Year Flood Risk 
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Map 5: Population Density  
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Map 6: Original Sites Plotted by Facility Type 
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Map 7: GHI Values with Roof Area Polygons 
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Map 8: Final 30 Sites 

 
 
Map 9: Christ Church Foundation School  
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Map 10: Stakeholder site visits 
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