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1 Introduction 
The Western Hemisphere, including the Caribbean and Central America, experienced unprecedented 
extreme events in 2017, accounting for 83% of overall losses and 93% of insured losses from 
weather-related disasters worldwide that year (Löw 2018). Islands are particularly vulnerable to a 
range of climate-related hazards and threats, including sea level rise and the increasing intensity and 
frequency of extreme weather events (UN 1994). Given their disconnected nature, islands experience 
distinct logistical challenges when recovering from natural disasters, particularly in the continuity of 
basic services. Recent extreme events, such as Hurricanes Irma and Maria, have highlighted 
weaknesses in island energy, water, and food (EWF) systems as a result of utility outages, shipping 
delays, devastation of natural resources, and subsequent impacts on the economy. These events have 
challenged islands to improve their resilience, adopt integrated strategies that promote EWF security, 
and promote socioeconomic prosperity.  

Island nations and territories are isolated by nature and are often limited in local resources. This 
creates a strong dependency on the import of many basic goods and materials across all sectors. A 
changing climate and extreme natural events have adverse effects on supply chains, posing undue 
burdens on these nations to meet the basic needs of their citizens and support economic growth. In 
the Caribbean, natural disasters have brought to light the importance and limited resilience these 
islands have for the continuity of basic services such as EWF supply, representing a significant threat 
to their way of life, as many islands lack adaptive capacity to recover from these disasters.  

Historically, islands relied on local resources to meet their needs—harvesting rainwater or using 
groundwater sources for drinking water, burning available fuel sources for heat, and growing 
indigenous crops. Global shipping networks have fostered greater reliance on imported goods, 
resulting in reliance on fuel imports and reduced cultivation of indigenous foods. Many island 
economies have also grown to rely on tourism and service industries. Disaster events dramatically 
impact both supply chains and travel to islands, highlighting the need to build more resilience across 
these systems.  

Considering these challenges, the island of St. Eustatius (Statia) devised an innovative approach to 
reduce its exposure to external supply disruptions and natural disasters while strengthening its 
resilience. Statia’s solar and energy storage park is the first of its kind in the Caribbean, providing 
reliable energy, community agriculture, and harvested rainwater for irrigation. Using the proven 
example of Statia, this report provides strategies for enhancing resilience across the EWF nexus in 
island contexts. These integrated approaches are an example for other island states and territories of 
how to prepare for and recover from extreme events, while also providing innovative solutions to 
sustainably meet the growing demand for energy, water, and food resources. 
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2 Climate Vulnerabilities and Islands 
Island nations face unique and often significant climate-related threats. According to the United 
Nations Development Program (UNDP), “the difficulties that all countries face in effectively coping 
with climate change impacts are exacerbated in small island developing states because of their small 
geographical area, isolation and exposure” (UNDP 2010). Each island has unique climate risks, and 
“their high diversity in both physical and human attributes and their response to climate-related 
drivers means that climate change impacts, vulnerability, and adaptation will be variable from one 
island region to another and between countries in the same region” (Nurse et al. 2014). The 
Caribbean is naturally susceptible to a wide range of natural hazards, including floods, droughts, 
cyclones, pests, and diseases (Trotman 2012). Climate projections show increased risks and 
challenges for islands, with predictions of sea-level rise, increased occurrence and intensity of 
cyclones, increasing air and sea surface temperatures, and changing rainfall patterns (Nurse et al. 
2014). The Intergovernmental Panel on Climate Change (IPCC) identifies a range of impacts 
associated with tropical and extratropical cyclone effects on small islands, including to island 
morphology (e.g., erosion, accretion, flooding, floodplain changes, landslides), ecosystems and 
natural resources (e.g., coral reef damage, soil salination, saltwater intrusion into freshwater), island 
livelihoods (e.g., destruction of subsistence crops and commercial agriculture, decreased fish 
production, losses to aquaculture and tourism), and island settlements and infrastructure (e.g., 
destruction of buildings and houses; damage to transport, water, energy, and health and safety 
infrastructure; and loss of cultural assets) (Nurse et al. 2014). Based on one IPCC climate change 
scenario for the Caribbean, the World Bank estimates the total annual impacts of potential climate 
change on 20 Caribbean Community countries (ca. 2080) to be US $11.2 billion, or approximately 
11.3% of the countries’ combined annual gross domestic product (Toba 2009). 

According to the National Intelligence Council, as the projected impacts of climate change go 
beyond physical stresses on resources, 

… more extreme weather, water and soil stress, and food insecurity will disrupt 
societies. Sea-level rise, ocean acidification, glacial melt, and pollution will change 
living patterns. Tensions over climate change will grow. Increased travel and poor 
health infrastructure will make infectious diseases harder to manage. These trends 
will converge at an unprecedented pace to make governing and cooperation harder 
and to change the nature of power—fundamentally altering the global landscape. 
(National Intelligence Council 2017) 

These changes go beyond physical effects on people and the environment by also affecting the 
viability of local economies. 

2.1 Island Energy, Water, and Food Systems 
2.1.1 Energy 
While historically islands have relied almost exclusively on imported fossil fuels for energy 
generation, many have increased their use of renewable energy sources and adopted aggressive 
renewable energy goals in recent years. Importing fossil fuel creates energy prices on islands that are 
as volatile as the fuel market on which they rely. This, in turn, can create economic uncertainty for 
citizens, businesses, and potential investors. The mix of price volatility, imported fuel, and 
challenges associated with running small, islanded grids creates generally higher prices of electricity 
on islands when compared to larger grid systems. For example, in 2015, the average cost of 
residential electricity in the United States was $0.127/kWh (EIA 2019), whereas Puerto Rico’s 
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average residential rate was $0.24/kWh, and the Caribbean regional average was $0.33/kWh (Energy 
Transition Initiative 2015). This high cost of power can negatively affect opportunities for economic 
development in island communities; however, this high cost of power can incentivize the use of 
renewable energy in lieu of outside fuel supplies, because the levelized cost of energy from 
renewable sources can be more advantageous for island systems. 

The remote nature of islands makes their energy systems particularly vulnerable to disruption. Use of 
imported fuel can cause energy shortages when fuel deliveries are hindered for any reason (Ali and 
Wulandari 2008). Supply chain disruptions, particularly those in the wake of extreme events, cause 
unique burdens to islands that rely on fuel imports. These events have ripple effects on the provision 
of basic services, such as electricity, water, food, transportation, and effective governance. The 
challenging logistics of island nations can also inhibit recovery and aid agencies’ efforts to bring in 
emergency supplies after a major event. 

Islands are also limited in their options for increasing energy resilience. Small island nations have a 
limited ability to spatially diversify their energy systems. Climate threats—such as large storms—
rarely affect an entire continent-based power network; however, it is not uncommon for large storms 
to fully envelop small island nations, impacting the entire power network. This can hinder system 
flexibility during or immediately following a major event. 

Islands are unique, and the energy needs of their citizens can differ from those in larger continental 
nations. In the Caribbean, for example, residential electricity loads tend to be smaller, because 
construction methods often incorporate natural ventilation into design, and residents rely more on 
single-room, rather than central, air-conditioning units. On the other hand, space-conditioning loads 
in the commercial sector tend to be high to dehumidify occupied space. This is especially true of 
tourism-related energy loads. Industrial loads of island nations tend to be less diversified and more 
reliant on a few key industries, resulting in industrial energy load profiles unique to each island 
nation; however, many of the industrial loads found in island nations are dependent on consistent, 
high-quality power and can be severely impacted by power fluctuations or outages. 

2.1.2 Water 
Historically, islands have relied on rainwater and groundwater collection from freshwater lenses for 
freshwater supplies (Bailey et al. 2018; Chen et al. 2015). But changes in rainfall patterns, increases 
in severe storms, sea-level rise, and saltwater intrusion threaten many of these traditional water 
sources, which can add to “poverty, social tension, environmental degradation, ineffectual leadership, 
gender inequality, and weak political institutions—contributing to social disruptions that can prompt 
state failures” (National Intelligence Council 2017). 

Pressures from a changing climate, population growth, and tourism are increasing the demand for 
fresh water in small island nations, particularly in regions with poor water quality or water scarcity. 
Desalination of sea and brackish water is a viable solution to address the issue of water scarcity and 
the growing demand for water; however, the energy implications of these technologies must be 
weighed against their widespread adoption. While seawater is an abundant resource for islands, its 
use for drinking water creates a significant shift in energy demand for water treatment, often 
increasing reliance on imported fuels and creating greater vulnerability to supply chain disruptions. 

Figure 1 demonstrates this substantial projected growth, with an anticipated 1,000% increase in water 
withdrawals and 500% increase in primary energy consumption anticipated by the year 2040 
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worldwide. These projections underscore the critical importance of making efficient use of both 
energy and water resources, particularly in island communities. 

 
Figure 1. Water, population, primary energy, and carbon dioxide emission percentage growth rate, 

1900–2040 
Source: Shahzad (2017) 

Desalination technologies, such as reverse osmosis or multiple-effect distillation, are costly and 
energy-intensive solutions to treating drinking water. According to the United Nations, the energy 
intensity for seawater desalination is 2.58–8.5 kWh/m3, as compared to 0.48 kWh/m3 for treating 
groundwater using conventional means for potable use (WWAP 2014). By 2030, desalination is 
anticipated to provide 54 billion m3 of treated water per year—a projected 40% growth from 2016. 
The waste brine material generated by the desalination process poses additional challenges, as its 
disposal can adversely affect sensitive and unique island habitats and ecosystems, threatening their 
very existence as well as tourism benefits to the economy. 

2.1.3 Food 
Food security is a concern for islands, many of which, over time, have deemphasized local 
agriculture in favor of lower-cost imported foods. Though many islands are home to high-quality 
agricultural land, some of these nations have experienced:  

… losses in preferential markets, inefficient production, slow traditional farming 
methods, soil erosion, slow technological advances, pests and diseases, shortage of 
inputs, and lack of appropriate and timely dissemination of weather and climate 
information to promote sustainable agriculture. (Trotman 2012) 

Many islands have found it difficult to compete with food exports in a global economy— 
emphasizing tourism and service industries instead—owing to limited land availability, high cost of 
land, and challenging environmental issues. Extreme weather events can hinder islands in their 
ability to produce food and rear livestock, creating another reason to rely on external supply chains to 
provide secure access to food for their inhabitants. But any path to food security must be weighed 
along with climate vulnerabilities and their associated impacts on crop selection and viability, coral 
reefs, beaches, and other land areas. While soil and land degradation have the potential to diminish 
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land availability for food production, contributing to shortages and higher prices (National 
Intelligence Council 2017), degradation of coral reefs and beaches has the potential to dramatically 
reduce fish production (Toba 2009). Fisheries have remained active in island communities, but a 
great need exists to reestablish local agricultural practices and reduce reliance on food imports to 
establish greater resilience. 

2.1.4 Energy, Water, Food Nexus 
Energy, water, and food systems cannot be viewed in isolation. As described above, these systems 
are interconnected: energy is required to purify and distribute water and to cultivate and transport 
crops; water is needed to operate and maintain power systems and irrigate crops; food or land is 
required to generate energy and also impacts the quality and availability of water. A changing 
climate, population growth, and development trends make this EWF nexus increasingly important. 
Demands on these sectors will only continue to grow, highlighting the need for integrated, cross-
sectoral strategies that support islands’ abilities to prepare for, withstand, and recover from extreme 
events (Clean Energy Solutions Center 2019).  

Reliable EWF systems are the backbone of society, supporting public health and the economy. The 
socioeconomic importance of the EWF nexus should not be underestimated because:  

… the interactions between chronic and acute stresses in local and regional food, 
water, and energy systems has led to failure of some governments … to meet popular 
demands or address perceptions of unequal distribution of scarce resources, which 
might prompt future violent behavior by populations seeking redress. (National 
Intelligence Council 2017)  

Whether before, during, or when recovering from a disaster, the EWF nexus is an increasingly 
important paradigm for the future of island communities.  

2.1.5 Hurricane Impacts and Lessons Learned 
In 2017, the U.S. territories of Puerto Rico and the U.S. Virgin Islands were hit by a series of 
hurricanes, including Category 5 Hurricane Maria. The same hurricanes made landfall on the U.S. 
mainland—primarily in Florida. Basic services, including electricity and water supplies, were 
restored to 99% of continental U.S. customers within 10 days of Hurricane Irma (Harris 2017). In 
contrast, over one third of Puerto Rico’s residents remained without power for more than five months 
after Hurricane Maria—power was not fully restored for 11 months (Campisi and White 2018).  

The two electric systems differ in many ways; however, some conclusions can be drawn as to the 
challenges faced specifically by islands in their recovery from an extreme event. Transportation of 
both materials and personnel are particularly challenging in post-disaster situations on islands. In the 
aftermath of Hurricane Irma, thousands of utility workers poured into the state of Florida from across 
the United States, bringing much-needed supplies and labor. In contrast, the U.S Government 
Accountability Office (GAO) noted that two of the most significant hindrances to restoring power in 
Puerto Rico (and the U.S. Virgin Islands) were logistics and the availability of supplies (Löw 2018).  

In October 2018, after Typhoon Yutu struck the Northern Mariana Islands, 25% of the population 
was displaced overnight, and more than 1,000 residents were left homeless for more than a month 
after landfall (Finnerty 2019). Additionally, an estimated 700–800 power poles and other distribution 
equipment had to be shipped in by the Federal Emergency Management Agency (FEMA) prior to 
starting any power-restoration activities (Mooney, Eilperin, and Chiu 2018). 
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At the time of writing, the impacts of Hurricane Dorian on the Commonwealth of the Bahamas were 
still being assessed. Hurricane Dorian impacted the Bahamas from September 1–3, 2019. At peak 
strength, the Category 5 storm displayed sustained winds of up to 185 miles per hour (CDMA 2019). 
The flooding and 23-foot storm surges were so significant that one reporter noted, “large portions of 
the islands have become, for now, little more than extensions of the Atlantic” (Ward et al. 2019). By 
September 6, logistical challenges related to destroyed ports and inoperable airstrips left residents 
without power and with low food and water supplies (Ralpheson 2019). The lack of power hindered 
communications and medical services, and many of the smaller outlying islands had yet to be 
reached by rescue crews four days after the storm moved away from the island (Hughes and Garrison 
2019). The long-term effects of this storm have yet to be seen. However, with significant destruction 
of infrastructure, it is likely that full recovery will take years. The United Nations estimated that 20% 
of the population—approximately 70,000 people—has been displaced and needs emergency housing, 
water, food, and other supplies (Altman 2019). 

2.2 Resilience 
At its core, resilience refers to the ability to anticipate, prepare for, and adapt to changing conditions 
and withstand, respond to, and recover rapidly from disruptions (Hotchkiss, Dane, and Komomua 
2018). For island communities, building EWF resilience presents unique challenges. Most islands 
rely heavily on both imported food and energy sources. In turn, drinking water, food production, and 
their storage and/or conveyance depend on power generated from energy imports. As such, islands 
must create long-term, integrated strategies for boosting resilience in EWF systems.  

The stranded nature of island power systems can limit generation, transmission, and distribution 
flexibility when restoring power. In larger national grids, power can be transmitted over great 
distances when a generation plant goes down. This allows distribution of power to begin (from an 
alternate plant) even if the local plant is not yet producing power. In contrast, island power systems 
often do not have the luxury of spatially diversified, large electricity-generation assets. The 
challenges of restoring power in island nations can also produce significant downstream effects. For 
example, island nations that rely heavily on electricity for pumping, treating, and distributing water 
may be unable to purify and distribute drinking water and treat sewage for its residents. This can 
have far-reaching health implications and can also negatively impact the agricultural, commercial, 
industrial, and tourism sectors. 



 

7 

3 Case Study: St. Eustatius’ Solar and Energy 
Storage Park 

In the wake of extreme events, such as Hurricanes Irma and Maria, islands have reevaluated their 
strategies to prepare for and recover from energy, water and food system outages. With an interest in 
reducing exposure to risks from external supply chains and natural disasters, the island of St. 
Eustatius (Statia) constructed a first-of-its-kind solar and energy storage park focused on building 
EWF system resilience. The Statia Utility Company (STUCO) developed a unique solution to 
simultaneously address the island’s need for reliable energy, community agriculture, and irrigation, 
using proven, integrated strategies that can be adopted by other islands to build resilience across the 
EWF nexus. 

Statia is a small island in the Eastern Caribbean with a land area of approximately eight square miles 
and a population of nearly 3,200 inhabitants (Figure 2) (World Atlas 2019). Statia was previously 
part of the Netherlands Antilles and in 2010 became a special municipality of the Netherlands. 
Statia’s economy is largely reliant on tourism and a crude oil fuel storage terminal located on the 
island. STUCO currently provides centralized electricity and drinking water for Statia. 

 
Figure 2. St. Eustatius 

Source: World Atlas (2019) 

Statia’s power was historically provided by the St. Martin Power Company, which served St. Martin, 
Statia, and Saba using diesel generators. As a result of the dissolution of the Netherlands Antilles and 
the establishment of Statia as a special municipality, the responsibility for electricity generation, and 
all associated costs, were to be borne by the island’s citizens. Supplying Statia with imported diesel 
fuel for energy generation was not financially viable or sustainable—with a 100% dependency on 
fossil fuel, more than 78% of STUCO’s income was used for fuel purchases alone. The Dutch 
government worked with Statia to develop a structural solution to address dependence on fossil fuel 
and energy costs, which emphasized the island’s abundant solar resources. Statia’s solar and energy 
storage park was born. To support the development of this project, Statia provided land for the solar 
park, and the Dutch government paid construction costs. The project was developed with the intent to 
ensure affordable electricity rates for community members. 
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In 2016, Statia began construction of its 4.15-MWp solar photovoltaic (PV) park, which was fully 
operational by the end of 2017. The system provides sufficient power to meet 100% of daytime 
demand, using a 5.9-MWh battery storage system, a 4-MVA diesel generator capacity, and two 2.2-
MW grid-forming battery inverters (Figure 3) that allow diesel generators to be turned on and off 
without compromising the stability of the grid.  

 
Figure 3. Grid-forming battery inverter 

Photo by Jennifer Daw, NREL 

The diesel generator fleet is automatically switched off during the daytime, while the two battery 
inverters take over automatically and form the grid for stable operation by providing a voltage 
source, frequency regulation, and spinning reserve. The inverters’ control strategy combines power 
and energy management under consideration of system critical states (e.g., grid short circuit 
capability). This approach has dramatically reduced frequency variation during regular power system 
operations. The system has three separate battery storage units and uses an n-1 redundancy concept, 
while the system availability is maximized by partial operation patterns, particularly for the batteries 
and inverters (Figure 4). The system can effectively support the island’s roughly 2-MW daytime 
energy needs, providing 40%–50% of Statia’s electricity while saving roughly 1.7 million liters of 
diesel fuel and 4,500 metric tons of carbon dioxide per year (Figure 5) (Baars 2017). The benefits for 
STUCO’s customers have been realized through a reliable and sustainable energy supply with less 
volatile tariffs.  
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Figure 4. Battery bank 

Photo by Jennifer Daw, NREL 

 
Figure 5. Typical day operations with diesel generators off 

Source: SMA, STUCO (2018) 
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An additional objective for the project’s development was the ability to withstand extreme events, such 
as hurricanes, to which the island is susceptible. The PV array was designed with Category 5 hurricanes 
in mind, able to withstand winds of 157 miles per hour or more. Resilience measures included 
certifying the PV modules to withstand extreme wind forces (3,800 Pascal) and requiring mounting 
structures with vertical and horizontal resistance of roughly 5,000 kilonewtons. Statia took its resilience 
planning for the PV array a step further—while typically PV arrays in the Caribbean are mounted with 
a tilt of 15 degrees to maximize energy yield, Statia’s array was mounted at 5 degrees. While this 
created a small reduction in the array’s energy generation potential (a reduction of 1.04%), lowering the 
angle reduced the amount of lift the panels would experience during a hurricane event. Reducing the tilt 
angle had the additional benefit of reducing land area required for the system, because it decreased 
spacing between the rows of PV panels from three meters to one meter (SMA, STUCO 2018). 

The timing of this project coincided with Hurricane Irma, an extreme event, which hit the region in 
early September 2017. Statia’s PV array was able to withstand Category 5 Irma’s destructive power 
and provide continued access to energy and water systems during and after the event (Figure 6). 

 
Figure 6. Statia solar and energy park before and after Hurricane Irma 

Source: SMA, STUCO (2018) 

STUCO’s design of its solar and energy park also considered benefits to the community and 
environment. The PV panels were mounted two meters above the ground surface to allow for 
community gardens to be planted in the underlying space—meeting a growing demand for local 
agriculture on the island (Figure 7). This approach has been found to save both installation and 
operation and maintenance costs and improve PV system performance in studies conducted by the 
National Renewable Energy Laboratory (NREL) (Beatty et al. 2017; Macknick, Beatty, and Hill 
2013). Typical construction of ground-mounted solar installations includes clearing and grubbing of 
soil and roots, topsoil stripping and stockpiling, land grading and leveling, soil compaction, and 
covering the underlying surface with gravel. While these practices make for convenient construction 



 

11 

access and facility operations, they negatively impact habitats and have also been shown to increase 
construction costs. Studies have also shown increased runoff volumes when solar arrays had gravel 
or compacted ground underneath and have shown that runoff or peak discharge rates were not 
impacted when solar arrays had well-maintained grass (Cook and McCuen 2013).  

 
Figure 7. Novel mounting height of solar panels at Statia solar and energy park 

Photo by Jennifer Daw, NREL 

STUCO took the solar park a step further by designing the PV system to include a method to collect 
rainwater from intense and sporadic tropical rains, providing a much-needed fresh water source. 
Gutters were mounted to the underside of the PV array to collect water from rainfall (estimated to be 
2.6 million liters per year) and store it in an underground cistern (Figure 8). Water is used for panel 
cleaning and will be used for irrigation of the community garden when complete. This water storage 
solution will help the island have ready water supply for times of drought. 

 
 

Figure 8. Rainwater-harvesting gutters mounted to PV array 
Photo by: STUCO 
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4 Strategies to Build Island Resilience 
Statia’s solar and energy storage park represents a successful, innovative, and sustainable solution for 
reducing exposure to the discontinuity of energy, water, and food supplies caused by extreme events. 
While the Statia solar and energy storage park is the first project of its kind in the Caribbean, the 
solution is scalable and can be adapted for islands in different contexts. Each island is unique, but 
islands of all sizes face similar challenges. There is an urgent need for islands to assess and prepare for 
the impact of extreme events by strengthening critical and exposed sectors, particularly energy, water, 
and food. This would include a comprehensive assessment of natural resources that can be leveraged to 
maintain supply to these sectors. In developing appropriate solutions to these challenges, it is important 
to involve all stakeholders including government, the private sector, and affected citizens.  

4.1 Energy 
As demonstrated above, islands have unique challenges—and, thus, opportunities—to enhance their 
resilience. Adoption of distributed energy resources (DER) including renewable energy and energy 
storage can increase spatial diversification of generation and reduce dependence on centralized 
generation plants. This reduces the vulnerability of the energy supply from a single event or a single 
critical location, increasing overall energy system resilience. DER systems can also represent 
redundant energy supply that can, with specific design considerations, supply energy when power 
from the main grid goes down. From an economic perspective, the development of a DER market—
particularly for small wind and PV—also creates local job markets for construction and maintenance.  

DER systems are not immune to the forces of extreme events. Lessons learned from the 2017 and 
2018 hurricane season demonstrate the need for resiliently designed DER systems. This includes 
designing racking systems to withstand hurricane-force wind, ensuring that systems are located 
outside of flood and inundation zones, using fasteners that will not loosen due to vibration from 
strong winds, removing debris from the site that could become windborne and damage panels, and 
ensuring proper pre-storm operation and maintenance checks of all equipment.  

In addition to diversifying generation technology, islands can bolster resilience through operational 
changes. Programs that encourage energy efficiency and shifting demand can reduce overall stress on 
the power system and help stabilize power costs. Demand response programs can give power system 
operators increased flexibility to respond to minor outages or load shifts without increasing system 
stress or generation costs. These types of programs are most often implemented through policies, 
which can include the adoption of national building energy codes, new rate structures to incentivize 
behavior change or market participation, or incentive programs for energy-efficient design.  

4.2 Water 
Distributed generation can be used to support other EWF systems, such as water purification and 
delivery and wastewater treatment at a district or neighborhood scale, ensuring safe and reliable 
water access and sanitation and thus building community resilience. As noted previously, many 
islands are moving away from traditional methods of water treatment and toward more energy-
intensive solutions, such as desalination. A 2009 study noted that “energy usage accounts for about 
44% of the cost of seawater desalination and contributes significantly to its environmental impact” 
(Eltawil, Zhengming, and Yuan 2009). The authors go on to note that use of renewable energy could 
significantly reduce the cost of delivered water. Additional studies (Li et al. 2018; Alkaisi, Mossad, 
and Sharifian-Barforoush 2017; Mentis et al. 2016; Chandrashekara and Yadav 2017; Gude 2016; 
Abdelkareem et al. 2017; Liu et al. 2017; Shahzad et al. 2017) draw the conclusion that renewable 
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energy resources—primarily wind and solar—will be the future of water desalination around the 
world. This is largely due to the falling costs of renewable technologies and a move toward strategies 
to reduce emissions from fossil fuel plants. The financial and environmental impacts of imported 
fossil fuels, along with the cost competitiveness of renewable energy and energy storage 
technologies, have catalyzed growing interest in small-scale, high-efficiency integrated desalination 
systems that can operate exclusively on renewable sources, providing a sustainable solution to meet 
the growing demands for water in a resource-constrained world. 

4.3 Food 
While many islands have moved away from growing their own food, increasing food import costs—
as well as slowing globalization—are sparking a new generation of entrepreneurship at local levels, 
spurring more local agricultural production. This trend not only benefits the local economy, but also 
provides access to healthier perishable foods in lieu of processed foods with long shelf lives. This 
shift improves access to nutritious foods, supporting the health of community members. 

Due to the small land area that is typical of islands, local agriculture often has higher production 
costs and limited economies of scale. This condition creates a stronger value proposition for niche 
products over traditional commodity crops. The future of island agriculture in many contexts is 
supported by sustainable farming practices that emphasize local resources and nonchemical inputs, 
while creating social and environmental benefits for the community. Sustainable agriculture includes 
practices intended to mimic natural ecological processes (e.g., minimizing tilling and water use, 
encouraging healthy soil by planting fields with different crops year after year and integrating 
croplands with livestock grazing, and avoiding pesticide use by nurturing the presence of organisms 
that control crop-destroying pests) (National Geographic 2019). A report on Caribbean agriculture 
notes that,  

… since agricultural production in the islands is dominated by smallholder farmers 
who are undercapitalized, technologically limited, unaware of best practices and 
certification standards, and extremely vulnerable to climate change effects, a 
comprehensive policy framework should be established to support coordinated 
investment.  

Additionally, accessible education must be provided to prospective farmers to reestablish local 
agriculture that is “tenable in the long run, minimize(s) dependence on expensive inputs, can 
supplement the fresh food and nutritional requirements of local consumers, and earn income from 
overseas markets once domestic needs have been fulfilled” (Tandon 2014). 

The reestablishment of resilient local island agriculture would be remiss if it did not consider impacts 
on energy and water systems. According to Tandon (2014),  

… there is a need to interpret sustainability from a more holistic point of view, 
recognizing the farmer as a producer and a manager of an ecological system that 
provides a large number of public goods and services as well, such as water, soil, 
landscape, energy, biodiversity, and recreation.  

Through measures such as selecting appropriate crops for the climate and site conditions, using fit-
for-purpose water for irrigation, optimizing irrigation strategies to accommodate both crop needs and 
energy availability in a water-efficient manner, making efficient use of energy, and using renewable 
energy sources for irrigation pumping, food processing, and transportation there is ample opportunity 
to establish food system resilience that also supports resilient energy and water systems. 
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5 Conclusions 
Islands are becoming increasingly vulnerable to climate-related threats, but also have unique 
challenges and opportunities to build long-term resilience. When developing strategies to build 
resilience, it is vital to consider social, economic, and environmental issues, as well as the 
interrelationship of the island’s EWF systems. It is important that solutions complement each other, 
rather than solely benefiting one sector at the expense of others.  

The importance of robust policy and regulatory frameworks cannot be underestimated when seeking 
to develop resilient EWF systems. Policy and regulatory environments can enable resilience by 
creating a framework that will strengthen systems, encourage diversity in infrastructure, develop 
resourceful operational practices, and formalize networks for mutual aid. These types of policy 
environments may also be necessary for developing funding and financing opportunities for 
enhancing resilience. Building resilience requires coordinated governance, policies, and frameworks 
that support integrated planning and decision making for EWF systems. 

The challenges faced by islands create a unique environment for developing and testing novel 
approaches to resilience. The high cost of energy, water, and food allows new and emerging 
technologies space to compete with more traditional systems and incentivizes creativity in system 
planning and operation. Islands can thus serve as leaders in adaptation and resilience planning and 
can serve as examples for other climate-threatened jurisdictions. To truly build resilience, solutions 
must support the needs of the island’s community, culture, unique resources, and long-term 
sustainability.  
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