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Electric vehicles (EVs) represent an important socio-economic development opportunity for islands and remote locations
because they can lead to reduced fuel imports, electricity storage, grid services, and environmental and health benefits.
This entry presents an overview of opportunities, challenges, and examples of EVs in islanded power systems, and is
meant to provide background to researchers, utilities, energy offices, and other stakeholders interested in the impacts of
electrification of transportation. The impact of uncontrolled EV charging on the electric grid operation is discussed, as well
as several mitigation strategies.
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| 1. Introduction

In remote and island areas, the benefits of EVs can be even more significant than on mainland systems. For example, fuel
supply chains for island and remote communities are particularly volatile in both price and availability, so the higher
efficiency and fuel flexibility of EVs (EVs can charge using electricity generated from any fuel) present an opportunity to
stabilize and reduce transportation costs. EVs represent an important socio-economic development opportunity for remote
and island locations because they hold the promise of reduced fuel imports, are an electricity storage resource, can
provide grid services, and can result in improved environmental and health conditions. To directly show the cost savings
achievable through electrification of transportation, Figure 1 shows the comparison of the cost of a gallon of gasoline to
an equivalent value for EVs. In nearly all cases, EVs have a reduced cost of operation when compared to gasoline
vehicles. A modified eGallon was used W for this comparison, based on miles per gallon and kWh/100 miles for 2019
Hyundai Kona gasoline and electric vehicles.
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Figure 1. Cost of a gallon of gasoline versus an EV “eGallon” (most data from [,

Beyond direct cost savings, the potential abilities to (a) control EV charging as a form of demand response to support the
centralized electric grid, and (b) couple EV charging with distributed energy resources (DERS) such as rooftop solar
photovoltaics (PV) are particularly valuable features of the electrification of transportation in island and remote systems.
Coupling with PV can not only lessen grid impacts (dampen positive or negative ramps in net load), but can also be used
in emergency-response applications to charge EVs directly from the PV when the centralized electric grid is out 4,



Yet, in the smaller electric grids of remote and island areas, relatively modest amounts of EVs can result in significant
increases in total electric load, which could pose challenges to grid operations. Technical obstacles include grid reliability
issues, increased generation capacity needs due to shifts in daily peak demand, and grid upgrade and maintenance costs
BB, High EV penetration (percentage of total load due to EVs) in remote and island systems may require large grid and
charging infrastructure investments and supportive policies, which might not currently exist in small islands with uncertain
regulatory/policy environments [4].

This entry documents previous research and implementation efforts for EVs in islands. The works described focus on
island or remote energy systems and their grid impacts as well as mitigation approaches for high EV penetrations. Key
topics include: (1) the impact and potential mitigation options of integrating EVs into remote and island electric grids and,
(2) the need for an overarching energy policy that can serve as a framework or guide to EV adoption strategies. The
importance of a holistic energy policy is illustrated through case studies on the impact differing policies have had on EV
adoption and operation.

| 2. Grid Impact Concerns of Uncontrolled EV Charging

Two interrelated studies modeled the impact of EV charging in the island grid of Sdo Miguel, Azores, Portugal for a group
of residential customers [8 and for an industrial customer allowing employee workplace charging . S&o Miguel has a
total system load of 140 MW &, though the residential load considered in [J was 292 dwellings totaling 140 kW at peak
load, and the industrial load in @ also peaked around 140 kW. Despite the similar peak load values, the transformer
serving the residential customers (630 kVA) was much larger than the one serving the industrial customer (250 kVA), as
the residential transformer was sized based on expected seasonal increases in the residential load. Due to all EVs
beginning to charge at the same time and the transformer size differences, overloading was found through simulations at
75% EV penetration in the residential scenario but at only 40% EV penetration for the workplace charging scenario. Both
studies additionally estimated a shorter transformer lifecycle when EV penetrations led to transformer overloading. In the
residential case, 3 h of daily transformer overloading due to 100% EV penetration would result in approximately 6 h of
transformer life reduction each day. The industrial transformer was particularly stressed by fast-charging scenarios
(regular charging rates were up to 7.4 kW, fast-charging rates were up to 50 kW), with approximately 58.5 h of service life
lost for every one day of fast-charging operation at 35% penetration. This was heavily influenced by the transformer size
and 3 daily overload peaks caused by all EVs starting to charge at the beginning of each work shift.

An example of line overloading comes from a study modeling an actual distribution feeder in the island of Trinidad &,
While Trinidad has an installed capacity of about 2200 MW 29, the feeder studied had about 5 MW of load. An increased
amount of line overloading was observed when EV penetration levels reached 10%, though it should be noted that some
line overloading is found to occur even before EVs are added. Consistent with the note in the previous paragraph, the
authors comment that, “...known issues such as pole-mounted transformer overloading were intentionally neglected due
to the understanding that it is inevitable that overloading will occur and can be addressed by simply resizing to a higher
transformer capacity” [,

As EV penetrations become significant, increased loads due to EV charging may cause voltages on distribution grids to
drop below acceptable voltage limits. A common range of acceptable voltages is + /-5% (e.g., ANSI C84.1 Range A 11) |
such that at a 120 V customer, for example, the centralized grid must deliver voltage between 114 V and 126 V. Having
too low or too high of a voltage on a distribution feeder can result in adverse impacts including unscheduled maintenance,
early equipment replacement, damage to customer equipment, and in extreme cases, increased grid outages resulting in
lost revenue 221, Several studies of island systems have simulated that voltages will decrease below allowable limits
during the simultaneous charging of many EVs.

The study using the feeder model from Trinidad described earlier found that voltages dropped below acceptable limits at
several feeder nodes when EV penetrations of as little as 5% were implemented [&. Voltages were already very close to
lower limits before any EVs were connected, a state which may be common in island and remote systems due to grid
design and operation considerations.

| 3. Mitigation of EV Impacts

The challenges of EV integration motivate research on the impact, mitigation, and effective controls of EV charging. This
research will immediately benefit remote and island systems and will also be valuable to larger mainland systems in
coming years as EV penetrations become significant on larger mainland electric grids, which will take longer.



It is very important to reduce the negative impacts to the electric grid from the early stages of EV adoption to avoid limits
on further EV adoption Bl. While upgrades to electric grid infrastructure, such as increasing the size of conductors (to
avoid line overloading), increasing the size of transformers (to avoid transformer overloading), or adding voltage control
devices (to keep voltage in allowable ranges), can directly mitigate most concerns, they typically are high-cost and require
significant installation efforts. Cheaper and easier to implement mitigation strategies will involve the EVs in grid
operations, including simple control strategies for EV charging (e.g., use of timers), controlled EV charging in response to
the state of the electric grid, EV chargers providing grid services to assist with grid operations, and integration of EVs with
DERs.

EVs can provide grid support services (also known as “ancillary services”) to reduce their impact and support electric grid
operations. For example, EVs can be used as a form of demand response, reducing their charging during periods when
the electric grid is stressed, such as if a generator fails or when load is unexpectedly high. EV chargers can also be
configured to provide voltage support, such as through volt-var control schemes which have become common in PV
inverters (3],

A study in S&o Miguel looked at how EVs could support an increase in the use of renewable energy and presented
possible grid-related revenues for EV owners 12l The study assumed bi-directional EV charging, that is, EVs could be
used as dispatchable storage devices. When EV owners were compensated financially for providing ancillary services,
EVs had lower total costs of ownership than conventional vehicles, even though EV purchase costs were significantly
higher than conventional vehicles. However, as EV penetration increased, revenues from providing grid services
decreased for individual EV owners. An important finding was if high EV penetrations are achieved and controlled
effectively, nearly all of the variability in the total system’s electric demand curve can be eliminated, which would simplify
and reduce the cost of electric generation needed.

| 4. Strategically Locating EV Chargers

Another way to mitigate the impact of EV charging is to place chargers at robust nodes in the electric grid such that large
numbers of chargers can be installed without overloading system components or causing voltage issues.

EV chargers are already prolific on the island of Jeju, South Korea, with 1103 express charging points and 344 slow
charging points (full recharge overnight) 4. The voltage and loading challenges highlighted in 12! are being addressed
through strategic placement of new chargers 8], among other strategies (e.g., encouraging EV charging stations powered
from renewable stations [111),

EVs can be strategically controlled to enable higher penetrations of variable renewable energy resources by increasing
charging during times of high renewable generation and decreasing charging during periods of low renewable energy
generation. An example is shown for the Portuguese island of S&o Miguel where charging strategies were examined (181,
The EVs were able to help flatten the island’s daily demand curve for different scenarios up to 32% EV penetration.
Similarly, a study for the Portuguese island of Flores (peak load of approximately 2 MW 2]y Jooked at how EVs could
increase the use of renewable energy 9. Optimal charging strategies were studied using a dynamic programming
algorithm, and the main result was that controlled charging of EVs reduced both the need for backup generation and the
amount of wind energy curtailed.

Overall, the works presented in this section demonstrate that EVs charging from renewable DERs can be mutually
beneficial. EVs benefit from cheaper electricity with lower emissions, while renewable DERs can increase utilization and
even allow for new installations as EVs utilize power which may have previously been curtailed due to a lack of demand or
a concern over high penetrations of renewable energy resources.

| 5. Coordinated Policy and Economic Decisions

There are policy and economic considerations, beyond the technical feasibility, that are essential for successful EV
deployment in remote and island locations. Many remote and island locations have good potential for EVs because they
typically have short driving distances and often have available renewable resources that can be leveraged to generate
power locally, often at lower cost than centralized grid power. However, it is important to develop holistic energy policies
and consider the local context when addressing policy and economic challenges and to adapt implementation strategies
accordingly.



In the Caribbean, for example, the long-term impacts of an EV transition need careful consideration due to limits on
electrical and business infrastructures2d. The Caribbean Community (CARICOM) Regional Electric Vehicle Strategy
(REVS) Framework provides the foundation for a transition to EVs in the Caribbean®¥, The REVS acknowledge the
importance of changing transportation systems at the local level, as well as accounting for driving behaviors and
transportation preferences of individuals. The framework provides guidelines in the following areas: Policy and regulation;
technology and infrastructure; capacity development and awareness; finance, market development and innovation. It has
a strong emphasis in a market approach, inclusion of relevant stakeholders, capacity building, prioritization of public and
commercial transportation, and the key role of technology and infrastructure improvements. Other important regional
references for the Caribbean are the position paper “The Future of E-Mobility in the Caribbean” from the Caribbean
Centre for Renewable Energy & Energy Efficiency (CCREEE) 22 and the report “Electrified Islands: The Road to E-
Mobility in the Caribbean”22,

| 6. Cost Issues and Utility Business Changes

EVs represent a new business opportunity for utilities in remote and island areas around the world through increased
electric demand. To facilitate this, some utilities, such as those in the Bahamas, Turks and Caicos, and St. Lucia are
installing EV chargers to encourage EV adoption 2. However, there may be significant additional electric grid
infrastructure investments required to accommodate this new load. Financing these infrastructure upgrades can be
challenging, and utility rate structures may need to be revised. The mitigation strategies listed in Section 3 and Section 4

can help defer or eliminate infrastructure upgrades.

Production cost impacts for different levels of EV penetration were considered for Barbados. Barbados has 240 MW
installed capacity, a peak demand about 170 MW and 287,000 inhabitants. A daily average driving distance of 40 km (=25
mi) was assumed. The results showed that production costs increase the most with uncontrolled charging at night. Once
controlled charging strategies are used, costs begin to decrease. The least cost is achieved when controlled charging
occurs during the day and there is close coordination with the grid (i.e., vehicle-to-grid services) 24, When EVs can
provide ancillary services, production costs from charging EVs can be limited, more renewable energy can be integrated,
curtailment is reduced, and the investments needed for grid-connected storage are reduced 24,

The 49 inhabited Croatian islands may be able to meet their energy needs from locally available renewable energy
sources 22, Researchers from the University of Zagreb completed studies for the islands of Krk, Unije, and Losinj in the
North Adriatic Sea, and Mljet, Lastovo, and Korcula in the South Adriatic Sea. Building smart energy systems on these
islands has become a key strategy to increase penetration of renewable sources and make local transport more
sustainable. The island of Vis (pop. 3600) was used as a case study to integrate renewable energy sources, demand
response, and EVs in a harmonized planning effort. The main recommendation was to use alternative financial
mechanisms, such as energy cooperatives and energy service company business models including PV in the Croatian
islands’ energy transition 28!,

| 7. Lessons Learned

The key challenges for the electrification of transportation and potential solutions in remote and island locations are
summarized below:

« Technical challenges associated with high levels of EV penetration include added stress on electric infrastructure.

« Uncontrolled EV charging could affect reliability, security, efficiency, and economy at a faster rate in small, isolated
grids, even in early EV stages &I,

« Increased peak loading and costs to the utility in upgrading and maintaining infrastructure 2!,
« Mitigation strategies for addressing these challenges include:
« Rate-based incentives such as demand charges, time-of-use rates and dynamic pricing [El2Z1,

« Smart charging technologies to reduce grid costs, provide grid services, and increase renewable energy utilization &
[28][19][29][24]

« Examples of policy, regulatory, and user-related challenges in remote and island locations include:



« Lack of long-term policy vision 2% which impedes understanding the far-reaching impacts of EV transitions [211,

« High import duties, high initial costs, and limited availability of EVs 2HBABL the difficulty of offering incentives due
to limited government budgets 23], and uncertain regulatory/policy environment 21,

« Consumer expectations must be managed [Z21 including aversion to new technology and lack of familiarity 182,
To address these challenges, there is a broad spectrum of policy and economic strategies to support EV deployment
including:

« Coordinate policy and economic goals through a comprehensive energy policy framework or strategy 211331129
« Highlight the crucial role of incentives policies on EVs 24182 and adapt best practices 2.

o A supportive government and buy-in from and partnerships with stakeholders across different sectors and
communities [2/[23](35][36][31](32]

« Leverage transportation modes that are familiar locally and meet local needs B4E8 (e g., motor bikes instead of
cars).

e Cost and business strategies: Diversify utility business, for example through EV services market and filling EV
market voids [23182]; explore alternative financial mechanisms such as energy cooperatives and ESCOs [22: focus on
solutions for short driving distances and use of local energy resources 24, and identify business arrangements for
reusing EV batteries (as an incentive for new owners while stimulating local economies) [EIS9I21],
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