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Executive Summary

The Caribbean region stands at a crossroads, faced with several critical challenges associated with the
generation, distribution, and use of energy. Despite the availability of tremendous domestic renewable
energy resources, the region remains disproportionately dependent on imported fossil fuels, which
exposes it to volatile oil prices, limits economic development, and degrades local natural resources. This
ongoing import dependence also fails to establish a precedent for global action to mitigate the long-term
consequences of climate change, which pose a particularly acute threat to small-island states and low-
lying coastal nations.

While onerous, these shared challenges are far outweighed by the region’s tremendous potential for
sustainable energy solutions. By acting on this potential, the Caribbean can assume a leading role in
the global effort to combat climate change while promoting sustainable regional economic and societal
development. Representing a geographically, culturally, and economically diverse cross-section of the
region, the Caribbean Community (CARICOM) provides the ideal platform to construct the legislative
and regulatory frameworks necessary to achieve this transition.

CARICOM represents 15 diverse member states: Antigua and Barbuda, The Bahamas, Barbados, Belize,
Dominica, Grenada, Guyana, Haiti, Jamaica, Montserrat, Saint Lucia, St. Kitts and Nevis, St. Vincent and
the Grenadines, Suriname, and Trinidad and Tobago. Although these states vary widely, they face many
common energy challenges.

CARICOM'’s Caribbean Sustainable Energy Roadmap and Strategy

CARICOM has already begun to play a crucial role in the regional transition to sustainable energy.
Recognizing the need to develop a coordinated regional approach to expedite uptake of renewable
energy and energy efliciency solutions in the Caribbean, CARICOM adopted its regional Energy Policy
in 2013 after a decade in development. The policy charts a new climate-compatible development path
that harnesses domestic renewable energy resources, minimizes environmental damage, and spurs social
opportunity, economic growth, and innovation.

To translate these intentions into action, the CARICOM Secretariat commissioned the Caribbean
Sustainable Energy Roadmap and Strategy (C-SERMS), designed to build on existing efforts in the region
and to provide CARICOM member states with a coherent strategy for transitioning to sustainable energy.
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In this C-SERMS Baseline Assessment and Report, the Worldwatch Institute provides an analysis of the
region’s current energy and energy policy situation, evaluates regional potential for renewable energy
and energy efficiency solutions, and recommends regional targets for energy sector transformation in the
short, medium, and long terms.

Outline and Contribution of the C-SERMS Baseline Assessment and Report

It is remarkable that the suggested regional renewable energy target of 48% of installed power capacity
by the year 2027 has already been approved by delegates of the Commission on Trade and Economic
Development (COTED) in 2013, based on a draft version of this report. In addition to renewable energy,
energy efficiency, and carbon dioxide (CO,) emission targets, this report suggests individual national
targets for all three categories for each member state. If achieved, they would make the regional target a
reality.

To achieve the ambitious sustainable energy and climate targets suggested, this report outlines key
strategies as well as concrete priority projects, policies, and initiatives to be undertaken in the region. This
Baseline Assessment and Report hopes to make an important contribution to acceleration of the energy
transition in CARICOM countries and to lay out practical next steps that CARICOM can undertake as
part of C-SERMS and other ongoing sustainable energy initiatives.

Current Regional Energy Situation

CARICOM member states exhibit heavy, if not exclusive, dependence on fossil fuel imports. In most
cases, distillates (diesel) and fuel oil are utilized due to their low capital costs and modularity. Natural
gas also is consumed within some CARICOM states, whereas coal and nuclear play only a minimal role
in the region’s energy balance. Representing potential game changers for the Caribbean energy sector,
momentum is growing for deployment of certain renewable energy and energy efficiency technologies.
Increased use of distributed solar photovoltaics (PV) in Haiti, for example, is expanding affordable
electricity access to remote and underserved areas. Compared to their abundant potential, however, these
options remain underutilized.

Although energy demand in the region reflects diverse end-uses, power systems in most CARICOM
states share several defining characteristics. Most rely on a single utility that holds monopoly control
over transmission and distribution of on-grid electricity. Regional grid interconnection remains largely
underexplored due to factors including the challenges associated with isolated grids, insufficient
infrastructure, and investment cost. Although energy access for CARICOM citizens is generally high,
some states face low quality of service and a few show significant unmet demand. These conditions are
often exacerbated by deteriorating infrastructure and high rates of technical and non-technical losses.

Despite the fact that CARICOM accounts for only a very small share of global CO, emissions, a forecast of
sustained growth in energy demand means that emissions are projected to increase rapidly in the coming
decades under business as usual. However, assessment of the region’s renewable energy and energy
efficiency potentials demonstrates that strong continued economic growth can be de-linked effectively
from growth in greenhouse gas emissions.
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Renewable Energy and Energy Efficiency Potential

Every CARICOM member state exhibits significant and largely unexploited potential for developing
renewable energy resources. If fully developed, these resources could transform many states into net
energy exporters. Hydropower comprises the majority of renewable power generation in CARICOM and
worldwide. Regionally, the resource is ideal for states with hilly topography and high rainfall rates. In
member states with substantial agricultural activity, biomass and municipal solid waste provide a flexible
and easily accessible entry point to renewable energy generation.

Solar PV and wind resources are abundant throughout the region but remain extremely underutilized.
Most CARICOM member states, in particular those located within the volcanic arch of the Lesser Antilles,
possess significant untapped geothermal resources. Other groundbreaking technologies, such as ocean
wave and tidal power generation, are broadly appealing in CARICOM because all member states have
significant coastline territory.

The Need to Find Synergies Across Renewables and to Integrate Them with
Energy Efficiency Efforts

Individually, no renewable energy resource can reliably meet growing demand for energy across all
member states by itself (although geothermal can power entire member nations). When developed
simultaneously, however, these resources possess significant synergistic potential and can reduce each
other’s disadvantages.

This is particularly the case when combined with abundant regional potential for energy efficiency. Energy
efficiency and energy savings measures can be deployed across many economic sectors and are often
both the cheapest and the fastest way to lessen the environmental and economic costs associated with a
given energy system. Opportunities for efficiency include smart architecture and construction measures,
efficient consumer appliances, electricity grid interconnection, and grid infrastructure improvement. A
number of pilot programs are already exploring the impacts of innovative energy efficiency measures in
a variety of economic sector applications.

Existing Sustainable Energy Policy Frameworks in CARICOM Member States

Realizing the enormous potential for renewable energy and energy efficiency in CARICOM will
require a robust and dynamic enabling framework of regulatory policy and legislation that, so far,
remains inadequate. Regional and national governing bodies must be proactive in implementing these
frameworks to encourage the investment needed to allow energy efficiency improvements and renewable
energy projects to take hold. Although efforts to incentivize renewable energy and energy efficiency in
CARICOM have increased in recent years, these efforts remain disjointed and incomplete. In the absence
of a coherent long-term vision, well-designed policy mechanisms, and effective governance frameworks,
a variety of technical financial, institutional, and capacity barriers will continue to impede the shift to
sustainable energy production, consumption, and trade in the Caribbean.

In addition to adopting the regional Energy Policy, all 15 CARICOM member states now have national
energy strategies in some stage of development or implementation. Many member states have taken
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the lead in setting targets, creating responsible agencies, and developing domestic policy mechanisms
to support an increase in renewable energy and energy efficiency. At the regional level, policymakers
have jointly defined net billing as the appropriate minimum standard for policy support, and important
progress has been made toward a favorable regulatory environment for investments in sustainable energy
technologies across CARICOM. Despite these important steps, however, sustainable energy development
across the region continues to be limited by policy and data gaps, administrative ineffectiveness, and
often inefficient and uncoordinated implementation efforts.

Many overarching plans for energy sector reform have set ambitious targets for the use of renewable
energy, but they lack concrete mechanisms to achieve their goals. The situation is even worse on the
energy efficiency side: less than half of CARICOM member states have included targets for efficiency
improvements in their national strategies. These targets should be adopted more broadly, as they often
are achieved at lower upfront costs than targets for renewable energy supply. In addition to sustainable
energy targets, a number of member states have announced national targets for emissions reductions.
These targets are significant because they convert the regional commitment to climate change mitigation
into national-level contributions.

Setting CARICOM Targets for Renewable Energy, Energy Efficiency, and
Greenhouse Gas Emissions

Regional targets for renewable energy, energy efficiency, and greenhouse gas emissions are important for
CARICOM because they can unite individual member states behind a unified vision for sustainability in
the Caribbean while ensuring that national action plans are mutually enhancing rather than conflicting.
Having already agreed to a framework of regional renewable energy capacity share targets in the short
term (20% by 2017), medium term (28% by 2022), and long term (47% by 2027), many individual member
states must now strengthen existing national targets to achieve these goals. Ample renewable resource
endowments in some member states imply that targets realistically can be set as high as 100% over the
next 15 years or even sooner. All member states have sufficient renewable energy potential to commit to a
significant share (at the lowest, 29% in Trinidad and Tobago) of renewables generation by 2027.

CARICOM member states also must take advantage of opportunities for energy efficiency improvements
at all stages of the energy sector, including generation, transformation, distribution, and final energy
consumption. This process should begin at the regional level to provide the necessary guidance for
appropriate target setting at the national level. For CARICOM, energy intensity will prove a more
productive metric through which to measure efficiency than energy use alone, as it better correlates the
goals of reduced energy use with encouraging economic growth. Based on observed global uptake of
energy efficiency measures, C-SERMS recommends a 33% reduction in energy intensity—to be applied
evenly across all member states—as both an ambitious and attainable target. Resulting improvements in
energy efficiency will benefit all member states by reducing strain on existing power systems, reducing
the need to add new and expensive generation capacity, and increasing long-term economic productivity
by lowering production costs.

Regional targets for greenhouse gas emissions reductions form the third pillar of the regional vision
put forward by CARICOM. Although the aggregate emissions of its member states are negligible in
comparison to global figures, an ambitious emissions reduction target will be critical in signaling to the
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international climate mitigation community, in particular financing and technical support bodies, that
CARICOM is committed to promoting sustainability through energy sector transformation. Reflecting
the projected sustained growth in demand for energy in the region, regional and national emissions
reduction efforts should be measured relative to a business-as-usual model, and must be monitored
continually to ensure that member states are on track to meet their long-term targets.

Corresponding to recommended individual member state targets for renewable energy generation
and the region-wide energy intensity reduction standard, C-SERMS provides tailored CO, emissions
reduction targets for each member state to achieve by 2027. Combined, these targets lay the foundations
for profound regional action on climate change in the short term (18% reduction by 2017), medium term
(32% reduction by 2022), and long term (46% reduction by 2027).

Sustainable Energy for CARICOM: A Strategy to Achieve Regional Targets

Achieving the ambitious regional and national targets for renewable energy generation, energy efliciency,
and CO, emissions reductions will require coordinated efforts on both the regional and national levels.
Nationally implemented policy mechanisms and reforms must be compatible with regional targets, and
CARICOM must contribute actively to the support and coordination of these national efforts—ensuring
that the progress of individual member states is guided, reported, monitored, and verified.

Outlining concrete work programs will be vital in advancing national energy sector reform efforts tailored
to the particular characteristics of CARICOM countries. This report suggests detailed and thematically
driven work programs outlining priority initiatives, policies, projects, and activities (PIPPAs). Although
starting to implement the PIPPAs promptly is vital, many will require sustained effort and monitoring in
the long and medium terms. The report therefore provides implementation time frames for each activity.
It also distinguishes which of the PIPPAs are to be undertaken at the regional level, the national level, or
both.

Although successfully completing individual PIPPAs will have significant positive impact on the region
and/or implementing member state, they should not be siloed or treated as unrelated efforts. When
simultaneously advanced, PIPPAs have significant synergistic potential. Ultimately, only the completion
of the full slate of activities outlined in the PIPPAs will allow CARICOM to meet and likely exceed its
regional sustainable energy goals, including the energy efficiency, renewable energy, and climate goals
proposed in this report. Further design and implementation of the PIPPAs should be orchestrated by
CARICOM to ensure that no member state feels left alone on this challenging path.

Exploiting opportunities and addressing challenges in sectors such as transportation, regional energy
trade, and the water-energy-food nexus also will be critical to realizing the ambitious targets for
sustainability laid out by CARICOM and its member states. To advance these objectives while avoiding
replication of effort among the extensive community of Caribbean-based sustainability initiatives, the
CARICOM Energy Unit must increase its presence as a central platform for collaboration, information
sharing, and resource coordination.

Through regional collaboration, CARICOM’s 15 member states now have a tremendous opportunity
to maximize their individual resources and to spearhead sustainable energy development region-
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wide by working together toward common and coherent goals. The CARICOM Energy Policy and the
C-SERMS project are both critical steps toward a more cohesive approach to regional energy planning.
Full transformation of the CARICOM energy sector will be a long-term process requiring extensive
commitment and dedicated collaboration among all member states as well as regional and international
actors. The regional approach outlined by C-SERMS will ensure that no member state will be forced to
travel this path alone, but instead will be supported by a network of actors and institutions united under
a common vision. With continued commitment to transforming the regional energy sector, CARICOM
and its 15 member states can become global leaders in sustainable energy development.
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The Caribbean at an Energy Crossroads

Confronted by acute challenges associated with energy consumption and generation, the Caribbean region
stands at a crossroads. Heavy dependence on imported fossil fuels exposes many Caribbean countries to
volatile oil prices, produces high electricity tariffs, limits economic development and social opportunity,
and negatively affects human health and the environment. It also fails to establish a precedent for global
action to mitigate the long-term consequences of climate change, which pose an urgent threat to small-
island states and low-lying coastal nations.

Fortunately, these challenges are far outweighed by the region’s tremendous opportunities for sustainable
energy solutions. The Caribbean now has an opportunity to take a leading role in climate-compatible
development by crafting innovative legislative and regulatory frameworks and by fostering the vision
and political will required to harness renewable energy and energy efficiency for economic, social, and
environmental good. The Caribbean Community (CARICOM) is well-positioned to play a crucial role in
leading and coordinating this effort on a regional scale.

1.1 Energy and the Regional Context of CARICOM

Established in 1973 under the Treaty of Chaguaramas, CARICOM is a regional organization representing
15 member states: Antigua and Barbuda, the Bahamas, Barbados, Belize, Dominica, Grenada, Guyana,
Haiti, Jamaica, Montserrat, Saint Lucia, St. Kitts and Nevis, St. Vincent and the Grenadines, Suriname,
and Trinidad and Tobago.

CARICOM member states, representing a total population of just over 17 million people, exhibit a high
degree of geographic, cultural, and economic diversity. Although many CARICOM states are located
close to one another, their topography varies widely, with significant implications for both available
energy resources and options for energy sector development. The CARICOM region comprises several
relatively large states in the Greater Antilles, a number of much smaller island states in the archipelago of
the Lesser Antilles, and three low-lying coastal states.

Although the tourism and service sectors represent the economic mainstays of many CARICOM member
states, other important industries, including agriculture, manufacturing, and mining, flourish across the
region. In 2015, the per capita gross domestic product (GDP) (at purchasing power parity, PPP) ranged
from USD 1,799 in Haiti to USD 32,654 in Trinidad and Tobago. This wide range in GDP demonstrates
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both the region’s economic diversity (see Table 1) and the need for a regional energy strategy to consider

a wide range of development capacities and priorities.'

Table 1. Selected Indicators of CARICOM Member States

Total Urban GDP Per
Population Land  Population GDP Capita
Country (2014) Area  Share (2014) (2015) (2015) Major Industries
square percent  billion USD, ush,
kilometers PPP PPP

Antigua and 91,295 443 24 2.1 22,966 Tourism, construction, light manufacturing

Barbuda

The Bahamas 321,834 13,380 83 93 25,577 Tourism, banking, cement, oil transshipment

Barbados 289,680 430 32 46 16,425 Tourism, sugar, light manufacturing, compo-
nent assembly

Belize 340,844 22,966 44 30 8,321 Tourism, oil, food processing, garments,
construction

Dominica 73,449 751 69 0.8 11,154 Agriculture, tourism, financial and other
services, water bottling, soaps, essential oils

Grenada 110,152 344 36 13 12,231 Food and beverages, textiles, light assembly,
tourism

Guyana 735554 214,969 29 5.8 7,200 Bauxite, sugar, rice milling, timber, textiles,
gold mining

Haiti 9,996,731 27,750 57 19.1 1,799 Textiles, sugar refining, flour milling, cement

Jamaica 2,930,050 10,991 55 247 8,784  Tourism, bauxite/alumina, rum, chemicals,
agricultural processing

Montserrat 5215 102 9 0.04 8,500 Tourism, rum, textiles, electronic appliances

Saint Lucia 163,362 616 18 20 11,832 Tourism, clothing, assembly of electronic
components, beverages

St. Kitts and Nevis 51,538 261 32 1.3 21,585 Tourism, cotton, salt, copra, clothing

St. Vincent and 102,918 389 50 1.2 11,088 Tourism, food processing, cement, furniture,

the Grenadines clothing

Suriname 573311 163,820 60 9.5 17,062 Bauxite and gold mining, alumina production,
oil, lumber, food processing

Trinidad and 1,223,916 5,128 9 443 32,654 Petroleum and petroleum products, LNG,

Tobago methanol, ammonia, urea, steel products,

Source: See Endnote 1 for this section. © Worldwatch Institute

beverages, food processing, cement

Despite this diversity, CARICOM member states face many shared energy challenges. (See Figure 1.)
Most CARICOM members rely almost exclusively on fossil fuels for both transportation and electricity
generation. Because most member states have few to no exploitable domestic fossil fuel reserves, their
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reliance on imported fossil fuels to meet domestic demand threatens their energy security, exposing
them to the volatility of international oil markets and requiring them to devote a large portion of their
annual GDP to energy imports. This impedes broader economic and social development by depleting and
damaging natural resources, diverting to foreign energy producers large sums of money that otherwise
could be invested domestically, increasing national debt at the expense of a country’s financial ratings,
and generally resulting in high electricity tariffs that can discourage economic development and foreign
investment well beyond the energy sector.?

Technical Socioeconomic Environmental
- Isolated grid networks - High electricity tariffs - Local air, freshwater, and
- Small overall generation capacity - Vulnerability to rising, volatile ocean pollution
- Inability to meet existing and fuel prices + Deforestation
future demand - Missed opportunities for - Degradation and depletion of
domestic investment and jobs natural habitats, ecosystems,

- Outdated equipment habitats, ecos
- Low efficiency - Energy poverty

- Global climate change

Major Energy Challenges in the CARICOM Region

The characteristics of most electric power systems throughout the region—isolated, outdated grids, small
overall generation capacity, and single-utility monopolies—pose significant challenges to the development
of sustainable energy solutions. With the exception of Trinidad and Tobago, which uses domestic natural
gas for power generation, these systems rely mainly on expensive imported fuels such as heavy fuel oil
(HFO) and diesel, further exacerbating the cost issues facing CARICOM member states. Low efficiency
across the region in the transportation, manufacturing, food processing, residential, and commercial
sectors, as well as in the electricity sector itself, further aggravates energy system costs. All member states
share a particular vulnerability to the environmental and socioeconomic impacts of climate change,
caused largely by the burning of fossil fuels. These impacts include sea-level rise, water scarcity, coral
bleaching, and the increased strength and frequency of tropical storms.

Fortunately, each of CARICOM’s 15 member states possesses significant renewable energy resources,
including biomass, geothermal, hydropower, solar, waste-to-energy, and wind, as well as tremendous
opportunities to make dramatic improvements in energy efficiency. Proven grid technologies exist that
can be used to renovate outdated infrastructure, and tested economic models and effective policies
are available to make the necessary investments happen. Caribbean countries, under the political and
economic umbrella of CARICOM, have the potential to become global leaders in climate-compatible
development by collectively pursuing an alternative, less emissions-intensive path that is financially,
economically, and socially sustainable.

Small-island states such as those in CARICOM can serve as ideal showcases for low-emissions development
strategies because of the congruence of their national economic and security interests with the global
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climate agenda, as well as their small size and relative economic homogeneity. With adequate support,
they can demonstrate on a localized scale the kind of sustainable energy transition that ultimately needs
to be achieved globally.

1.2 CARICOM Energy Policy

In recent decades, Caribbean governments have become increasingly aware of the enormous economic,
environmental, and social costs associated with continuing dependence on fossil fuels. These concerns
have helped spur a broad regional dialogue focused on improving energy security and independence,
fostering sustainable economic growth, and reducing greenhouse gas emissions through the development
of indigenous and renewable energy resources.

Recognizing the need to forge a coordinated approach to addressing regional energy challenges,
CARICOM began developing a regional energy strategy in 2002. At the Twenty-Fourth Meeting of the
Conference of Heads of Government of CARICOM in July 2003, the Task Force on Energy was tasked
with drafting a regional Energy Policy to address issues that initially included energy security, energy
pricing policy, and arrangements for transportation and fuel purchasing.’

Just over a decade later, promoting a shift to sustainable energy through increased use of renewable
energy sources and improvements in energy efficiency became a central focus of the CARICOM Energy
Policy. This Energy Policy, approved in 2013, looks to maximize the positive economic, social, and
environmental benefits that have come from developing sustainable energy solutions around the world.
The renewables sector has become a powerful economic force, with investments of USD 270 billion in
2014 alone.* Increased investment and technology deployment have contributed to a robust industry
network that supports more than 7.5 million jobs worldwide, three times as many as in 2008.°

An energy system that is built on the efficient use of domestic renewable energy sources can provide
extensive benefits to society, including greater energy affordability, expanded energy access, reduced
negative health impacts of fossil fuel use, and greatly minimized resource depletion and environmental
degradation. These benefits should not be underestimated: in the United States alone, reliance on fossil
fuels results in an estimated USD 120 billion annually in “hidden costs” related to pollution control and
health care.

1.2.1 Benefits of a Regional Approach to Energy Development in CARICOM

Therecent passage of the CARICOM Energy Policy demonstrates the region’s understanding thata cohesive
and coordinated regional approach will make it easier to tackle the many challenges of a fundamental
energy transition and help to achieve sustainable energy goals more efficiently and cost-effectively.
Although individual CARICOM member states can contribute greatly to advancing the production,
import, deployment, and efficient use of renewable energy technologies, regional collaboration presents
opportunities to share best practices, experience, and expertise while drawing on a common vision and
shared resources to drive development more effectively. Successful regional cooperation can leverage
both the combined economic resources of individual states and the complementary renewable energy
resources of the region as a whole. Integrated regional markets can create economies of scale and allow
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energy to be produced where it is cheapest, and then traded, resulting in cost-effective sustainable energy
supply options to the benefit of all participating states.

In the Caribbean region, where many countries are too small to independently develop renewable
energy projects on a scale large enough to attract investments from volume-oriented international
financial markets, a regional approach can aggregate projects and reduce transaction costs, thereby
increasing the attractiveness of investments and creating new financing opportunities. Over time, and if
designed properly, a regional approach also can contribute to the development of regional supply chains,
knowledge sharing, and capacity building, leading to broader economic and social benefits, including
accelerated job creation.

Given these advantages, regional cooperation on sustainable energy development is advancing in many
parts of the world. The European Union (EU) is just one example of multi-nation cooperation on regional
energy planning. Organizations such as the ECOWAS Centre for Renewable Energy and Energy Efficiency
(ECREEE) in West Africa, the Regional Center for Renewable Energy and Energy Efficiency (RCREEE)
in the Middle East and North Africa (MENA) region, and the Union for the Mediterranean all represent
regional inter-governmental efforts to cooperate on sustainable energy development.

Regional coordination comes with a unique set of challenges, however. The diversity of regional members
must be recognized and respected, and a consolidated effort must be made to ensure that each is willing
and able to contribute to a joint regional program. Member states must agree on how to share burdens
fairly and equitably in a practicable way. Implementation must be measured, reported, and verified in a
transparent manner. Realizing the full benefits of a transformational shift to renewable energy and energy
efficiency requires regional cohesion coupled with effective support mechanisms to keep each actor on
track to achieving common goals.

In the Caribbean, CARICOM is well-positioned to steer this effort. The Secretariat already plays an
integral role in leading and coordinating the regional effort to transition to sustainable energy. The
Secretariat and the CARICOM member states have made significant progress by passing the CARICOM
Energy Policy, adopting initial regional targets for renewable energy penetration in the power sector, and
using the C-SERMS initiative to drive data gathering and energy sector reform.

1.2.2 The Caribbean Sustainable Energy Roadmap and Strategy (C-SERMS)

Supporting and complementing the CARICOM Energy Policy, various programs and initiatives—
including the CARICOM Energy Program, the Caribbean Renewable Energy Development Program
(CREDP), the Caribbean Sustainable Energy Program (CSEP), and the Organization of American
States’ (OAS) Global Sustainable Energy Islands Initiative—have been established to address sustainable
development challenges in the region. They have resulted in many important studies and projects, as well
as in widespread recognition that energy sector reform must be a priority.”

Even so, the CARICOM Secretariat notes that the region’s approach to sustainable energy development has
lacked cohesiveness, with some member states establishing energy policies and targets on an individual
basis, often in short-sighted response to volatile oil prices. As a result, despite abundant renewable
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resources and relatively widespread recognition among both policymakers and the general public of the
importance of embracing sustainable energy, renewable energy deployment remains relatively marginal
throughout the region.

To facilitate development of a common strategy and to encourage greater commitment from national
governments, CARICOM members agreed in 2009 to develop and implement a regional Sustainable
Energy Roadmap focused on improving energy efficiency and increasing the use of renewable energy.
Phase 1 of the Caribbean Sustainable Energy Roadmap and Strategy (C-SERMS I) has been tasked
with serving as a key planning tool for setting and communicating priorities and policy goals, and for
identifying strategies to overcome the various technical and non-technical barriers that continue to limit
deployment of renewable energy, energy efficiency, and modern grid technologies in the region.

C-SERMS 1 is also tasked with recommending preliminary sustainable energy targets for the region
based on an initial assessment of renewable resource potential, existing energy policy frameworks, and
international best practices. Setting appropriately ambitious targets establishes a long-term vision for
future development, serving to transcend changes in leadership while committing all necessary actors
and stakeholders to a common path. In particular, targets provide investors with the signals of long-term
stability that they need in order to commit the financing required for project implementation.

On a global scale, national targets for both energy efficiency improvements as well as renewable energy
capacity and shares are being adopted at an increasing rate. The number of countries promoting
renewable energy and policy support tripled from 45 in 2004 to 137 in 2014, more than half of which were
developing countries.® Similarly, regional organizations have begun suggesting targets for cooperation
among their member states. Intergovernmental organizations such as the EU and ECOWAS have taken
the lead in pioneering this regional approach. (See Section 5.1.) Efforts within CARICOM to replicate this
approach led to the creation in February 2015 of the Caribbean Centre for Renewable Energy and Energy
Efficiency (CCREEE). CCREEE focuses on technical implementation and execution of CARICOM’s
regional renewable energy and energy efficiency programs, projects, and activities, fostering information
sharing and regional cooperation.’

CARICOM’s determination to set regional targets represents a significant milestone for the organization
and for the region as a whole, placing it within a select group of leading organizations that are setting
the groundwork for comprehensive regional energy planning. The targets for renewable energy, energy
efficiency, and greenhouse gas emissions that are suggested in this report have been defined with input
from CARICOM and all member states. Supported by targeted technical, financial, and policy measures,
as well as sufficient institutional capacity, they are intended to serve as an important strategic planning
mechanism to achieve overarching regional sustainability and development goals. Ultimately, they can
help to make CARICOM a global leader in sustainable development, as well as an example of successful
policy implementation and regional commitment and cooperation.

1.3 Methodology and Structure of Report

This report and the overall C-SERMS initiative build on existing regional efforts by examining previous
analyses and available data. Working with the CARICOM Secretariat and its member states, the goal has
been to advance a new vision for the region’s future energy landscape. The study explores and defines
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short-term (2017), medium-term (2022), and long-term (2027) targets for renewable energy penetration,
energy efficiency improvements, and reductions in carbon dioxide (CO,) emissions. (See Figure 2.)

Assessing Current Status and Potential

Energy System Analysis Identifying Potential Policy Assessment
- Production and consumption - Renewable resource potential - Governance and administration
- Electricity sector - Energy efficiency potential - RE and EE support policies
- Transportation sector - Infrastructure needs and goals
GO ar e ons - Emissions reduction policies
: and goals
Setting a
common vision
2017
Regional Targets Priority Initiatives, Policies,
- Renewable power generation Roadmap Projects, and Activities (PIPPAs)
2022 for the - Regional recommendations

- Energy efficiency improvements Caribbean

. CO, emissions reductions - National recommendations

2027

C-SERMS Phase | Methodology

An early draft of this analysis was submitted to the 41st Special Meeting of the Council for Trade and
Economic Development (COTED) (Energy) in Trinidad and Tobago on February 28, 2013. It provided
an initial overview of the energy situation in CARICOM member states. Two years on, this final Baseline
Report and Assessment builds on feedback on the earlier draft as well as on regional and international
best practices to present a strategic overview of how CARICOM can continue to advance the C-SERMS
initiative and its objectives. The report has been updated to reflect current data and progress made as
CARICOM continues to pursue a coordinated regional strategy of sustainable energy development.

This study first surveys key aspects of the region’s current energy situation, including overall energy
inputs and outputs (Section 2.1), electricity (Section 2.2), transportation (Section 2.3), and CO, emissions
(Section 2.4). It also identifies significant data gaps within each of these categories. The report subsequently
details the region’s potential and current initiatives for both renewable energy (Sections 3.1 and 3.2)
and energy efficiency (Sections 3.3 and 3.4) and reviews the socioeconomic impacts of renewables to
better inform policymakers of their true value, particularly in the long term. The report also identifies
key challenges and opportunities associated with integrating renewable energy technologies into existing
power grids (Section 3.5) and interconnecting regional grid systems (Section 3.6).

The report then identifies CARICOM’s existing regulatory policy environment (Section 4.1), along with
concrete existing policies for renewable energy and energy efficiency (Section 4.2), as a baseline for
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a comprehensive set of regional renewable energy, energy efficiency, and emissions reduction targets
(Section 5). Finally, the report concludes with recommendations for a series of national and regional-
level priority projects, policies, and initiatives that should be undertaken by CARICOM and its member
states to achieve these goals (Section 6 and Annex B), along with projections of CARICOM member state
energy capacity and sectoral emissions forecasts for different energy generation scenarios (Annex A).
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Current Regional Energy Situation

Although CARICOM member states share many common challenges associated with their energy
systems, they also face their own unique conditions and opportunities. Designing an effective energy
strategy requires a detailed understanding of each member’s situation, as well as of general patterns
throughout the region.

2.1 Energy Inputs and Outputs
2.1.1 Energy Source Matrix

CARICOM member states exhibit heavy—and in many cases nearly exclusive—reliance on fossil fuels to
fulfill their energy needs. In most cases, they rely on sources such as distillates (diesel) and fuel oil because
of the low capital costs and ease of modularity associated with using these fuels.!

Although some member states continue to investigate coal as a potential baseload fuel source, it plays
a minimal role in the regions overall energy balance.? In 2013, CARICOM projected that the share of
nuclear power used in the region might rise to 8% by 2035.° However, nuclear power capacity has not yet
been developed by any CARICOM member. Nuclear’s capital costs remain exorbitant, and the perceived
risks to potential investors have been augmented by the region’s growing vulnerability to hurricanes and
strong tropical storms.

Despite generally widespread reliance on petroleum for power generation in the region, notable
exceptions exist. Trinidad and Tobago generates nearly all of its power from natural gas and remains
CARICOM’s primary producer and sole exporter of that resource.* Haiti obtains approximately 20% of
its primary energy from traditional biomass, particularly charcoal.® In addition to being an emissions-
intensive energy source, widespread charcoal use contributes to Haiti’s serious deforestation, increasing
the country’s vulnerability to severe weather events and limiting opportunities for agricultural
development.

Although the use of renewable energy in the CARICOM region is comparatively minor, hydropower
produces a significant share of electricity in Belize, Haiti, and Suriname. Belize also relies extensively on
modern biomass, and Jamaica leads CARICOM member states in developed wind power. Other countries,
such as Barbados, Guyana, St. Kitts and Nevis, and St. Vincent and the Grenadines, have turned
to solar.
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Renewable technologies are beginning to have an impact outside the power sector as well. With strong
government backing, Barbados has become a global leader in the deployment of solar water heaters,
with some 50,000 installed nationwide.® And Montserrat, which has enormous geothermal energy
potential, has set ambitious targets to source 100% of its electricity supply from geothermal by 2020
and has secured USD 6.5 million in funding from the U.K. Department for International Development
for exploratory drilling.” Important synergies between the agricultural sector, which accounts for a
significant share of GDP in some CARICOM member states, and the energy sector are being developed
through the use of agricultural waste in bagasse systems. The evolving renewable energy sector is
discussed in Section 3.

2.1.2 Energy Production and Consumption

In the majority of CARICOM member states, energy consumption continues to outweigh primary energy
production.® (See Figure 3.) As a result, most CARICOM members exhibit a heavy reliance on fuel
imports to meet energy needs. Overall, the region has seven primary energy-producing states, including
the four oil-producing nations of Barbados, Belize, Suriname, and Trinidad and Tobago, although recent
exploration by ExxonMobil of regional offshore assets may soon add Guyana to this list.” Even in these
countries, however, production often is insufficient to meet domestic demand, and only Suriname and
Trinidad and Tobago are net producers by volume.'” Due to the high overall volume of oil produced and
consumed in Trinidad and Tobago, the country remains a regional outlier.

Energy production is the cornerstone of Trinidad and Tobago’s economy, accounting for some 45% of
nominal GDP and 58% of government revenue in 2010. As a result, the country produces energy at levels
far above those seen in other CARICOM states, accounting for roughly 97% of regional primary energy
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production in 2012." It also consumes much more than the other member states, accounting for 75% of
all primary energy consumed within the region that year."” (See Figure 4.)

Although most member states depend on imported energy sources to meet their domestic needs, the
large imbalance in primary energy production and consumption within Trinidad and Tobago results
in a different picture at the regional level. Because of that country’s extensive energy export industry,
CARICOM as a whole produces more energy than it consumes." (See Figure 5.)

FIGURE 4.
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2.1.3 Petroleum Imports and Exports
Imports

Most CARICOM member states depend heavily on imported fossil fuels. For several members, particularly
the larger energy consumers, the global economic recession triggered a general downward trend in
petroleum imports, including through the Petrocaribe agreement, during the years leading up to 2011."
(See Figure 6 and Sidebar 1.) Only a few countries (Jamaica, Suriname and Trinidad and Tobago) have the

FIGURE 6.
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Sidebar 1. The Impact of Petrocaribe on the CARICOM Region

Since its inception in 2005, the Petrocaribe S.A. agreement has been an important factor in energy policy throughout the
CARICOM region. Twelve of the 15 CARICOM member states (with the exception of Barbados, Montserrat, and Trinidad and
Tobago) are parties to the Agreement. By limiting upfront payment requirements and providing preferential long-term
financing for oil imports from Venezuela (see Table 2), Petrocaribe has made oil more accessible at a time when many
CARICOM states otherwise would have struggled to meet their energy needs.

Although important at a time of rising oil prices and considered highly beneficial by many participating countries, Petro-
caribe’s overarching impact on both the regional and national energy sectors is much debated. The agreement arguably
has had mixed impacts on energy security, reducing intra-regional trade while leaving many countries highly dependent
on oil imports from a single country and vulnerable to terms that can change on fairly short notice. The pact also has con-
tributed to the high debt-to-GDP ratios of many Caribbean nations. Moreover, the agreement can be seen as a significant
disincentive for investments in domestic renewable energy, as the preferential financing for oil stands in stark contrast to
the poor financing terms often available for renewable projects.

Table 2. Petrocaribe Financing Terms

Oil Price Share Financed Through Loans Interest Rate Financing Period*
USD/barrel percent percent years
>15 5 2 5
>20 10 2 15
>22 15 2 15
>24 20 2 15
>30 25 2 15
>40 30 1 23
>50 40 1 23
>100 50 1 23

* An additional two-year grace period is included on top of the given financing period for total repayment periods of 17 and 25 years.

The combination of changing domestic economic conditions in Venezuela, reductions in oil production, and the death of
President Hugo Chavez has made the future of Petrocaribe unclear. The agreement costs Venezuela an estimated USD 5
billion in forfeited revenue annually. With the country’s production now declining, many have speculated that Petrocaribe
will not survive long into the future. For those countries currently dependent on the agreement, this would pose a major
challenge, further underscoring the importance of developing a reliable and diversified domestic energy supply.

Source: See Endnote 14 for this section.

refining capacity to process crude oil, with Trinidad and Tobago importing and processing significantly
more than either of the other two."

All CARICOM member states import refined petroleum products, mainly residual and distillate fuel
oils, reflecting the region’s widespread use of diesel generators.'® (See Figures 7 and 8.) The relatively
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FIGURE 7.
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significant amounts of imported motor gasoline reflect the importance of the transportation sector,
discussed further in Section 2.3.

Exports

Seven countries have exported either crude or refined petroleum since 2000: Antigua and Barbuda, The
Bahamas, Barbados, Belize, Jamaica, Suriname, and Trinidad and Tobago, which exports far more than the
others."” (See Figure 9.) Belize and Jamaica last exported in 2000 and 2008, respectively, indicating regional
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shifts in the import/export balance. Of the seven countries, four (Barbados, Belize, Suriname, and Trinidad
and Tobago) were exporters of crude oil, with Barbados exporting crude to Trinidad and Tobago for refining.
As of 2013, the majority of refined petroleum exports were residual fuel oils.”® (See Figures 10 and 11.)

2.1.4 Natural Gas

Despite oil's predominance, natural gas also plays a role in energy production and consumption within
CARICOM. Trinidad and Tobago transitioned its hydrocarbon sector from oil to primarily natural gas in
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FIGURE 9.
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the early 1990s, and by 2011, the country’s natural gas output was approximately eight times higher than
that of 0il."” This domestically produced gas is used for a variety of purposes, including liquefied natural
gas (LNG) production (56.5%), petrochemical manufacturing (28.6%), and electricity generation (8.0%).%°
(See Figure 12.) In 2014, Trinidad and Tobago was the world’s sixth largest LNG exporter, representing
just over 6% of the global export market.” This LNG is exported outside CARICOM, however, since
member states currently do not have the capacity to import and utilize it.

In the Caribbean region as a whole, only the Dominican Republic and Puerto Rico, both of which
are observer states in CARICOM, had operational LNG regasification terminals as of year-end 2014.
Meanwhile, Jamaica has sought to diversify its energy supply mixture by considering a Floating Storage
and Regasification Unit (FSRU). A government assessment projects demand of 2.5 million tons of LNG
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FIGURE 10.
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annually by 2025 if the FRSU is implemented.** These efforts have, thus far, been stymied by disagreement
between the Jamaican government and two utility providers, Jamaico and JPS, over per-unit volume costs
for LNG import.

The current scale of LNG shipping infrastructure, coupled with certain economic challenges, has so far
proven prohibitive for most small-island states in developing LNG import infrastructure. Trinidad and
Tobago therefore exports significant quantities of natural gas to major consumers elsewhere, including
Argentina, South Korea, and Spain. The United States had been a large importer of natural gas from
Trinidad and Tobago, but hydraulic fracturing (“fracking”) has led to a decline in U.S. LNG imports.
Nevertheless, some CARICOM member states continue to consider the option of LNG, particularly in
light of advances in infrastructure technology.
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Outside of Trinidad and Tobago, Barbados has developed an extensive domestic natural gas network
connecting 16,575 residential and 640 commercial customers.* Jamaica is close to finalizing plans for a
long-awaited overhaul of its generation system using natural gas.” Currently, Jamaica utilizes compressed
natural gas (CNG) because this allows for modest volumes of gas to be delivered over relatively short
distances, foregoing the need for regasification.
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2.1.5 Energy Consumption by Sector

Preliminary analysis of energy consumption by sector highlights the diverse economic makeup of
CARICOM member states, as well as major gaps in the available data.”” (See Figure 13.) Transportation
accounts for a large share of total consumption in all states for which data are available, indicating the
critical role that this sector must play in any effective regional energy strategy. Transportation’s share of
energy consumption is especially high in Barbados (48%), Belize (45%), and Grenada (33%). (See Section
2.3 for more on transportation.)
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Energy production, manufacturing, and extractive industries account for a majority of energy consumption
in Guyana, Suriname, and Trinidad and Tobago, which is reflected in the high energy intensities of those
economies. Thus, C-SERMS, while emphasizing the need to reduce emissions, also must consider the
economic importance of energy-intensive industries for member states and for the region as a whole. In
Suriname, for example, the bauxite/alumina industry is a mainstay of the economy, accounting for 15% of
GDP and 70% of export earnings in 2008.%® Promoting renewable power in such industries is not without
challenges because existing production capacities and storage systems must be scaled up greatly to meet
industrial demand for energy.

More climate-compatible industry alternatives do exist, however. The potential for ecotourism in
Suriname is significant, with nearly 12% of the country’s land area already incorporated in national parks.”
Achieving regional targets for renewable energy, energy efficiency, and emissions reductions will require
thorough and innovative analysis of ways in which major energy-intensive industries can be integrated
into a sustainable energy transition, likely through a combination of energy efficiency improvements, co-
generation opportunities, and the development of climate-compatible industry alternatives.
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The tourism sector has enormous economic importance throughout CARICOM. It also accounts for
high levels of energy consumption. Before Hurricane Omar struck the region in October 2008, a single
resort on Nevis—the Four Seasons hotel —demanded nearly 30% of the island’s total generation capacity,
highlighting the crucial role that the sector must play in a regional energy strategy.** Many resorts and
tourism operators in the region already are engaged in efforts to boost energy efficiency and reduce
environmental impacts. (See Section 3.4.)

2.1.6 Ongoing Developments and Potential Game Changers

Over the coming years, several key energy developments have the potential to dramatically change the
Caribbean energy sector. These include:

Increased deployment of mainstream renewable energy technologies and energy efficiency: The region
is paying increased attention to mainstream renewable energy sources, and several projects already in
the pipeline could have dramatic impacts on the region’s energy mix. Interest in technologies including
biomass, hydropower, solar, and wind is growing in the region, offering new opportunities for power
generation, heating, cooling, and transportation. Energy efliciency is being taken more seriously across
the region than ever. Many goals have been set, and policies and concrete projects are in the phases of
either design or implementation. Existing projects and potentials are discussed later in this report.

Geothermal energy development: Although geothermal energy has been slow to develop in CARICOM,
it offers tremendous opportunities for those member states with high resource potentials, and even for
the region as a whole if it can benefit from opportunities for interconnection and trade. Investment risks,
long lead-times, and economies of scale have hampered geothermal exploration in the Caribbean in
the past, but several new initiatives indicate that some CARICOM members are close to overcoming
these challenges. Geothermal plants are undergoing preliminary construction in St. Kitts and Nevis and
in St. Vincent and the Grenadines. Exploratory drilling has taken place in Dominica and Montserrat.
Meanwhile, Grenada and Saint Lucia are conducting on-site resource assessments and exploring the
possibility of commercial-scale extraction. These developments are discussed in Section 3.

Increased use of distributed renewable energy technologies: Although most CARICOM member states
have high rates of electricity access, several countries continue to face significant or—in the case of Haiti—
severe access challenges. (See Section 2.2.2.) The increased use of distributed renewable technologies
offers opportunities to expand electricity access in remote and underserviced areas in a more cost-
effective manner.

Useofnascent renewableenergytechnologies: Inlight of the Caribbean’s unique geographical characteristics,
nascent renewable energy solutions are being explored as well. Ocean cooling is being considered as a
potential solution to large-scale air conditioning needs. Although initial resource mapping has shown that
the region has a weaker tidal and wave resource than the top world sites, enough potential may exist to
serve the electricity needs of hotel resorts, thereby reducing the overall strain on national grids. Further
research and development in this area is needed before these technologies can be deployed widely.

Offshore oil production: Despite the heightened focus on using renewable energy technologies in recent
years, regional interest in offshore oil exploration has grown as well, triggered by hopes of diversifying
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economies and easing demand for imported oil. In addition to Trinidad and Tobago, which already has
many offshore oil facilities, several other CARICOM members are exploring the option. The Bahamas
is drilling near Cuba’s offshore territory, and development will depend on the results of the exploration
process and a voter referendum. Barbados, Jamaica, and Suriname also are engaged in exploratory drilling.
In Guyana, ExxonMobil has discovered substantial offshore oil reservoirs from exploratory drilling and
is assessing the commercial viability of extraction.*' A similar offshore drilling program in Belize remains
under moratorium by the country’s Supreme Court.”® If offshore oil drilling gains significant ground in
the Caribbean, it will have large ramifications for the region’s future energy development.

Regional electricity connection: The potential for regional electricity interconnection has been
discussed widely and stands to change the region’s energy sector dramatically by providing increased
opportunities for trade, more cost-effective supply options, and increased impetus for developing
renewable resources such as geothermal and large-scale wind. Best practices for promoting these
regional networks given CARICOM’s unique geographical, cultural, and economic characteristics are
discussed in Section 6.

2.2 Electricity Sector
2.2.1 Overview

The power systems in most CARICOM states share several defining characteristics. The vast majority of
member states rely on a single utility that has monopoly control over the transmission and distribution
of on-grid electricity. Certain multi-island nations, including The Bahamas and St. Kitts and Nevis, have
separate utilities with exclusive rights to operate on specific islands. In many, but not all, cases, energy
regulators, either under the authority of the government or operating as independent entities, monitor
the utilities. In some member states, independent power producers (IPPs) are in operation, while in
others they are prohibited by law or rely on agreement with vertically integrated utilities. Since most
CARICOM member states are relatively small, with isolated grids and no existing connections to other
member states, they have small power systems that require high reserve margins to ensure reliability.

In other respects, member states face unique challenges. Although electricity access is generally high
across the region, some states face low quality of service and significant unmet demand, as well as
deteriorating equipment and high technical and non-technical losses. In several states, nonpayment for
electricity services makes electricity more expensive for those who pay, and hinders the profitability and
sustainability of utilities. Nonpayment presents further challenges to utilities because it can discourage
investment in new energy infrastructure, making expansion, repair, and development more difficult.
Inappropriate tariff levels and a lack of effective regulations in some member states limit both innovation
and efficiency.”

2.2.2 Electricity Access

Most CARICOM members have relatively high rates of electricity access.’ (See Figure 14.) Seven states
have universal or near-universal access, and ten have access rates of 90% or higher. Significant exceptions
to this pattern include Belize, Guyana, Haiti, and Suriname, which face enormous challenges related to
rural electrification and/or energy poverty.
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FIGURE 14. Electricity Access in CARICOM Member States, 2015
Source: IRENA, World Bank

Although Suriname and Guyana are the two largest CARICOM states by land area, their populations are
densely centered in the capital cities, with the remainder living in scattered rural settlements throughout
the interior.® This poses challenges to electrification. In contrast to most CARICOM island states,
Suriname does not have a singular national grid, but relies instead on a main grid serving the capital
Paramaribo and surrounding areas, and on several smaller isolated power systems serving the rest of the
country.*® The Hinterlands region of Guyana is similarly disconnected from the national grid.

The governments of Guyana and Suriname have taken measures to address electrification in remote areas.
In Suriname, the government has provided daily allowances of diesel fuel to isolated communities.”
The fuel, generally sufficient to provide power for several hours a day, is transported by truck to remote
villages. This method, however, has proven expensive and often unreliable, prompting growing interest in
distributed renewable power as a potential solution. According to a 2013 report from the Inter-American
Development Bank (IDB), the average cost of Suriname’s Rural Electrification Program is approximately
65-100 U.S. cents per kilowatt-hour (kWh), compared to the average national price of 7 U.S. cents per
kWh, prompting the report to cite “a need for the government to find a less costly approach to Rural
Electrification with special consideration given to the use of renewable energy resources.”*®

A renewable approach to extending electricity services to rural areas has proven effective in Guyana,
where the country’s 2010 Hinterlands Solar PV Program has installed PV systems for some 15,000
households, creating a total of 2 MW of capacity.” The use of such small-scale renewable systems could
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provide electricity services to similar communities in other member states, including Belize, Haiti, and
Suriname, at a much lower cost. In addition to solar PV, small hydropower and wind as well as biomass
systems have proven effective. Guyana already plans to use such systems in targeted rural areas as part of
the overall Unserved Areas Electrification Programme.*

Energy Poverty in Haiti

Haiti faces the most dramatic energy access issues in the CARICOM region. Only 12.5% of the population
has official access to the grid. An additional 12.5% is connected illegally, bringing the total electrification
rate to only 25%. Although the majority of CARICOM member states have high electrification rates, the
comparatively large size of Haiti’s population means that only some 59% of CARICOM’s total population
has access.*' (See Figure 15.)
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FIGURE 15. Population Size versus Electrification Rate in CARICOM Member States, 2012
Source: World Bank

Given the dilapidated state of Haiti’s grid system, even those who are officially connected receive only
about 15 hours of electricity service per day.* As of 2014, approximately 75% of the country’s total
installed capacity was located in the greater Port-au-Prince area, even though only about a quarter of the
population lives there.”’ Electrification rates in most other areas average about 5%.*

As a consequence, Haiti’s power sector priorities differ greatly from those of other CARICOM states.
Installed capacity in the country must be increased dramatically and rapidly simply to meet existing
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demand. Because the Haitian utility, Electricité d'Haiti (EDH), has limited financial and human capacity
to expand electricity services and already struggles to provide reliable electricity to the urban population
of Port-au-Prince, it is unlikely that it will attempt to extend grid services beyond the capital area in the
near future.* This makes distributed and renewable energy sources, provided by IPPs, the most viable
option for providing energy services to rural communities.

Under President Jean-Claude Martelly, the Haitian government has made rural electrification via
renewable technologies a major priority. In January 2012, Martelly declared an ambitious goal of
electrifying 200,000 rural households over the course of two years through the “Ban m limyé, Ban m lavi”
(“Give me light, give me life”) program, which is based primarily on the use of solar energy.* At the same
time, several small companies and nonprofits have begun building mini-grids throughout the country.
The nonprofit EarthSpark initiated a mini-grid in the southern town of Les Anglais in late 2012, which
now supplies more than 400 customers. The grid uses smart meter technology to enable a business model
of pre-paid energy. Although the initial small grid was 100% diesel-powered, the expanded mini-grid
is a hybrid solar-diesel system with battery storage. The success and momentum behind such projects
highlights the potential for mini-grids and smart meter technology in Haiti.*’

Self-generation

Given the electrification and reliability issues in Belize, Haiti, Guyana, and Suriname, self-generation
remains a common way for firms and larger consumers to ensure that they have reliable electricity access.
In Guyana, several firms meet most or all of their energy needs through self-generation. In Haiti, the
unreliability of the existing grid system prompts even those consumers who are grid-connected to rely
(if they can afford it) entirely or partly on self-generation, primarily with inefficient diesel generators.
This affects not only emissions levels and local pollution, but also the financial viability of the national
utility. Recently, however, organizations and private institutions have demonstrated the feasibility and
affordability of self-generation via renewables.* (See Sidebar 2.)

2.2.3 Status of Generation, Transmission, and Distribution Systems

Installed Capacity

Installed electricity capacities in the CARICOM region vary greatly by member state, from more than
2,000 megawatts (MW) in Trinidad and Tobago to less than 10 MW in Montserrat.*’ (See Table 3.) Some
member states, such as Guyana and Haiti, must increase their capacities significantly to meet existing
demand. In both of these countries, current power sector infrastructure is unable to meet basic needs,
and existing grids fail to reach large segments of the population. In the region as a whole, energy systems
often are hindered by widespread disrepair and inefficiencies. In many cases, actual rates of generation
and consumption are far below installed capacity as a result of aging fossil fuel plants and the additional
strain that technical and non-technical losses put on power systems.

Although installed capacity throughout CARICOM remains predominantly fossil fuel-based, renewable
technologies (both grid-tied and oft-grid) are being used in the region.”® (See Table 4.) A small share of
this is distributed and self-generation via solar photovoltaics (PV), biomass, and wind. In Guyana, PV
is used for rural electrification. In Haiti, there is momentum behind increased use of PV, biomass, and
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Sidebar 2. Renewable Self-Generation: L'Hopital Mirebalais in Haiti

In areas where the electricity grid is unreliable or inaccessible, consumers who can afford it often rely on self-generation
to ensure adequate power supply. In the Caribbean, this traditionally has been done through the use of privately owned
diesel generators, an inefficient and often expensive source of power that contributes to local air and noise pollution.
Increasingly, however, consumers—including hotels, businesses, and private institutions—are turning to renewables. In
Haiti, the newly constructed L'Hopital Universitaire de Mirebalais (HUM) is illustrating the degree to which self-generation
from affordable, renewable electricity sources can have broad, positive impacts.

Even before the disastrous 2010 earthquake, Haiti's electricity and public health systems ranked among the worst in the
western hemisphere. In addition to damaging energy infrastructure and disrupting already-limited electricity services, the
quake ruined existing health clinics, killed many skilled medical professionals and nursing students, and severely damaged
the General Hospital in Port-au-Prince.

HUM, a joint initiative of Boston-based Partners-in-Health and its Haitian partner organization Zanmi Lasante, is a
19,045-square-meter, solar-powered facility with more than 300 beds. Now fully operational, HUM provides primary care
services to an estimated 185,000 people in Mirebalais and other nearby communities—seeing as many as 700 patients a
day, with patients from Central Haiti and Port-au-Prince able to access secondary and tertiary care. As the largest hospital
in the country—with six operating rooms, a neonatal intensive care unit, and the only public facility in Haiti with a CT scan
machine—HUM also serves as a teaching hospital for the next generation of Haitian nurses, medical students, and physi-
cians, serving to build much-needed human capacity.

Renewable energy has been at the core of the hospital’s design and mission since its inception. HUM is powered by

the 1,800 solar panels that blanket its rooftop, which cumulatively total 400 kW of capacity, cover 100% of the hospital’s
electricity needs during peak hours, and also produce surplus power that can be fed back into the grid. The hospital is in
the process of negotiating the terms of this arrangement with the national utility, EDH. Although the specifics have yet to
be finalized, this could serve as a model for feeding renewable energy self-generation into the grid, potentially serving as a
pilot project for replication elsewhere in the country and region.

If an effort is made to communicate the role that solar energy can and is already playing in improving public health
services in Haiti, as well as the fact that the hospital is able to feed its excess energy back into the grid, it could galvanize
interest in and support for renewable energy and self-generation among the broader populace.

Source: See Endnote 48 for this section.

waste-to-energy technologies, employed by local entrepreneurs often with the backing and support of
non-governmental and international agencies.

In the CARICOM region as a whole, as elsewhere in the world, large hydropower comprises the majority
of installed renewable capacity for power generation. Although hydropower offers a cost-efficient,
low-carbon alternative to fossil fuels for certain CARICOM member states, it often has significant
environmental and socioeconomic impacts, which must be considered in any integrated energy planning.
The potential implications of both large- and small-scale hydro are discussed further in Section 3.1.3.

Although geothermal exploration is ongoing, no projects have been fully developed to take advantage
of this tremendous potential observed in the region to date. Geothermal developments could drastically
change the CARICOM power mix over the medium to long term, but no installed capacity exists.
Overall, the rate of additions in renewable capacity has been relatively slow. However, a variety of
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Table 3. Installed Power Capacity and Share of Renewables in CARICOM Member States, as of 2015

Installed Installed Renewable Renewable Share of

Country Power Capacity Power Capacity Installed Power Capacity
MW MW percent

Antigua and Barbuda 113.0 0.8 0.7
The Bahamas 536.0 0 0
Barbados 240.0 55 23
Belize 141.8 82.5 582
Dominica 27.7 7.6 286
Grenada 486 0.7 14
Guyana 383.0 55.1 14.4
Haiti 390.0% 62.4 16.0
Jamaica 9264 72.0 7.8
Montserrat 55 0 0
Saint Lucia 88.6 0.2 0.2
St. Kitts and Nevis 564 32 57
St.Vincent and the 523 6.4 12.2
Grenadines
Suriname 4100 189.0 46.1
Trinidad and Tobago 2,368.0° 0.01 0.005
CARICOM Total 57873 4854 7.9

*Only 244 MW of this capacity is currently operational. * Capacity of the generators has been derated from 2,368 MW to 2,117 MW due to the
age, manufacturer, and ambient conditions of the machines that are presently available to the grid.

Note: “0"indicates that there is no installed renewable power capacity at present. Data reflect the most updated information available for each
member state at the time of publication, compiled from a variety of sources including national utilities, country representatives, and secondary
sources.

Source: See Endnote 49 for this section.  © Worldwatch Institute

proposed projects in the pipeline, if completed, would dramatically alter installed renewable capacity
figures in the region.

Transmission and Distribution Losses

Although data gaps make it difficult to fully account for electricity losses across the region, both technical
and non-technical losses present critical challenges in many CARICOM member states. The scale of
the challenge varies widely by member state, with Haiti and Guyana facing extremely high losses and
Barbados experiencing minimal losses in the sector.”* (See Figure 16.)

A large share of observed technical losses occurs as a result of old and inefficient generation plants and
transmission and distribution lines. High levels of non-technical losses, including those due to electricity
theft and un-billed customers, also plague the sector in some member states. The resulting financial
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Table 4. Installed Renewable Electricity Capacity in CARICOM Member States, as of 2015

Biomass and
Country Hydro Wind Solar Waste-to-Energy Total
MW

Antigua and Barbuda 0 0.001 0.8 0 0.8
The Bahamas 0 0 0 0 0
Barbados 0 0.002 55 0 55
Belize 545 0 048 275 82.5
Dominica 6.6 0.23 0.78 0 7.6
Grenada 0 .08 0.6 0 0.7
Guyana 0 0 1.04 54.0 55.1
Haiti 62.0 0 04 0 624
Jamaica 29.0 42.0 1 0 72.0
Montserrat 0 0 0 0 0
Saint Lucia 0 0 0.16 0 0.2
St. Kitts and Nevis 0 2.2 1 0 32
St.Vincent and the 56 0 08 0 6.4
Grenadines

Suriname 189.0 0 0 0 189.0
Trinidad and Tobago 0 0.002 0.006 0 0.01
CARICOM Total 346.7 47.8 124 81.2 4854

Note: “0"indicates that there is no installed capacity at present. Data reflect the most updated information available for each member state at
the time of publication, pulled from a variety of sources including national utilities, country representatives, and secondary sources. None of the
CARICOM countries had geothermal power capacity at the time of publication.

Source: See Endnote 50 for this section.  © Worldwatch Institute

strain on utilities often impedes necessary improvements and infrastructural development, leading to
even lower-quality services. In Haiti, for example, this can result in increasing social acceptance of theft,
triggering a vicious cycle that impairs electricity services countrywide.

Electricity Costs

Excepting Suriname and Trinidad and Tobago, Caribbean electricity prices rank among the highest in
the world, largely because of high operating costs linked to rising fuel prices, inefficient transmission and
distribution networks, and the inability to benefit from economies of scale given the small market size
of individual island states. Geographic remoteness, steep topography, and other characteristics typical
of small-island states further increase costs.> Even so, due to the differences in installed capacity, the
diversity of generation sources, governmental subsidies, and other factors, electricity tariffs charged to
residential consumers range across CARICOM member states from as low as 4 U.S. cents per kWh to 33
U.S. cents per kWh.” (See Figure 17.)
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FIGURE 16. Estimated Technical and Non-Technical Electricity Losses in Selected CARICOM Member States, 2012

Note: Data for The Bahamas, St. Kitts and Nevis, and Suriname were not available at the time of publication.
Source: Worldwatch surveys © Worldwatch Institute

2.2.4 Electricity Demand Projections

In 2013, the CARICOM region generated an estimated 18,369 gigawatt-hours (GWh) of electricity and
consumed an estimated 20,776 GWh.** There is a growing need to invest in power infrastructure across
the region in order to meet existing and future electricity demand. This offers the chance to systematically
deploy complementary renewable energy technologies that are capable of mitigating the challenges posed
by certain intermittent renewables when deployed on their own. Many member states, such as Haiti and
Guyana, need to add additional capacity to meet existing domestic demand. Others, such as Belize, which
imports nearly half of its electricity from neighboring Mexico, need to develop additional capacity if they
want to achieve domestic energy autonomy.*

Generation and consumption figures are expected to increase dramatically over the coming years unless
the region takes measures to reduce overall electricity use. Net electricity generation and consumption
are projected to reach 37,114 GWh and 32,812 GWh, respectively, by 2027, an increase of 76.8% and
81.9% over 2012.% (See Figure 18.) This highlights the need for widespread adoption of energy efficiency
and demand management measures to curb growth in the sector.

At the member state level, electricity generation is expected to more than double by 2027 in four
countries (Grenada, Guyana, Haiti, and St. Vincent and the Grenadines), while consumption is
projected to double in five (these four plus Jamaica), unless ambitious action is geared toward greater
energy efficiency. Future growth will continue to show large diversity in the levels of national electricity
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generation and consumption.” (See Figure 19.) If no effective mechanisms are implemented to greatly
decrease demand, significant expansion of generation capacity in all 15 CARICOM member states will

be necessary.” (See Figure 20.)
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FIGURE 19.

Net Peak Demand Load Forecast in
CARICOM Member States, 2010-27

Note the different y-axis values of the two
charts.

Source: Worldwatch and Nexant
© Worldwatch Institute
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Although considerable information is available on the electricity sector in the CARICOM region (unlike
for transportation and greenhouse gas emissions), significant data gaps remain. These must be filled in
order to move this priority sector forward on the pathway envisioned by CARICOM. The most pressing

information gaps include:
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Detailed analysis of electricity end-users: A thorough analysis of electricity end-users will be critical
to make the most efficient use of power generation in the region. These data are not calculated, or
not reported, in most CARICOM countries, making fully integrated planning of energy supply and
consumption impossible. A more detailed assessment would allow for the design and implementation
of energy efliciency measures targeting priority sectors in order to greatly reduce overall electricity
consumption. Having a better understanding of consumer behavior will play a role in developing and
targeting educational programs designed to reduce electricity consumption.

Assessment of grid functionality and storage potential: Updated grid and storage capacity will be
increasingly necessary as utilities look to incorporate greater levels of renewable generation into their
systems. These updates often are far less attractive to investors than investments in new generation
capacity, but they play an equally central role in the development of renewable energy-based electricity
networks. To date, information is lacking to truly assess the extent to which these networks will need to
be updated. Assessments of current capacity and future needs should be undertaken and made available
to ensure that transmission and distribution networks are developed in concurrence with the deployment
of new power generation.

Detailed data on power plants currently in operation: Although regional utilities provide significant
information, readily available data on the status and operation of existing power plants is often lacking
or contradictory.

Updated power sector capacity plans: Reporting on newly added generation capacity within a country
often lags behind the capacity addition itself. Although member states have identified numerous new
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plans and strategies for future developments in the power sector, it is often difficult to assess the role that
these play in national planning. With regard to both new and planned capacity, available information is
often out of date, and existing plans may be postponed or canceled altogether without public notification,
posing a challenge for future energy planning and policy development.

2.3 Transportation Sector

Transportation is one of the world’s three largest energy end-use sectors.”” The 2013 International
Energy Outlook projects energy consumption in the transportation sector worldwide to grow from 108.1
quintillion joules in 2014 to 127.4 quintillion joules by 2027.%° Although energy use for transportation
within the CARICOM region varies widely by member state, in most cases its share of total consumption
greatly exceeds the global average.®' (See Figure 21.) In Grenada, transportation accounted for more than
50% of total end-use energy consumption in 2014, illustrating the sector’s overwhelming importance
and affirming that any effective regional approach to energy reform will need to address transportation.®
Within CARICOM, transportation—despite its importance—nevertheless represents the energy sector
for which the least information is available.

FIGURE 21.
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Transportation’s impacts in the Caribbean are sometimes overlooked because of the sector’s complexity
and because of the general lack of available data on its status. In addition to substantial fuel requirements
and significant greenhouse gas emissions, the sector—if not well designed and regulated—can have
negative effects on local pollution, noise, congestion, health, and safety.®* These impacts influence the
overall costs of goods and services in the region and have been recognized as one of the “most important
barrier[s] to development for small islands,” highlighting the importance of shifting to more-efficient
transportation systems.*
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Although additional data are needed to fully understand and address these challenges within CARICOM,
regional and international best practices can provide guidance for improving the efficiency of
transportation and mitigating the sector’s heavy reliance on imported fuels through reforms in the
road, aviation, and maritime sub-sectors. Progress is needed in changing both the technologies and the
practices used.

2.3.1 Best Practices in Road Transportation

CARICOM member states could consider a variety of policy, planning, and technology options
and international best practices to reduce fossil fuel use and related greenhouse gas emissions in the
transportation sector. Countries across the region already have implemented or are considering policies
to promote biodiesel and ethanol blends as well as fuel share mandates, tax incentives, and fuel efficiency
standards. (See Section 4.2.3.) In the near term, however, the most economical option for reducing fossil
fuel use in transportation is improving vehicle fuel economy.®* (See Table 5.)

Table 5. Potential Average Fuel Economy for New Vehicles, 2005-30

2005 2010 2020 2030 Reduction by 2030
Liters of gasoline equivalent per 100 km percent
Passenger light-duty vehicles 8.1 76 54 4. 494
Light/medium trucks 13.7 134 10.7 9.5 30.7
Heavy trucks and buses 39.1 35.9 31.8 27.1 30.7
Two-wheelers 2.8 29 26 23 17.9

Source: See Endnote 65 for this section.

Worldwide, there is tremendous potential to reduce fuel use drastically by engineering more
fuel-efficient vehicles, and many governments have mandated fuel economy standards for new
cars, trucks, and motorcycles. In the United States, the Corporate Average Fuel Economy (CAFE)
Standard requires that domestic auto producers achieve an average fuel economy of 54.5 miles per
gallon (4.3 liters of gasoline equivalent per 100 km) for their fleet of cars and light-duty trucks by
2025. The policy is expected to reduce oil consumption by 12 billion barrels and to save consumers
some USD 1.7 trillion in fuel costs.* Although this kind of production-based standard would not
be applicable within CARICOM due to a lack of vehicle production, governments could implement
policies that mandate or create incentives for imports of fuel-efficient vehicles.

The promotion of hybrid and electric vehicles, capable of reducing fuel consumption by 47% and 73%,
respectively, could greatly benefit the CARICOM region.”” Electric vehicles are significantly more energy
efficient than their internal combustion engine counterparts, converting approximately 60% of grid power
to energy at the wheels. By contrast, traditional gasoline-powered vehicles make use of only some 20%
or less of the energy in gasoline for power at the wheels.®® If regional electricity systems were powered
sustainably, electric vehicles could produce significant benefits.
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Electric vehicles also can provide ancillary benefits when integrated with renewable energy and
smart grid development. In addition to reducing local pollution and greenhouse gas emissions when
charged by renewable power sources, these vehicles can play a critical role in providing stability to
electricity grids that use greater shares of intermittent renewable sources. Electric vehicles can be
charged at times of low demand and high production, further limiting stress on the power grid,
reducing greenhouse gas emissions, and allowing consumers to benefit from charging at periods
when electricity tariffs are low.*” Electric vehicles may also be able to serve as energy storage and
to provide some backup power to homeowners in case of power cuts, which are common in many
Caribbean countries. The viability of this approach within individual CARICOM member states
would require a more detailed analysis to determine how vehicle charging needs align with country-
specific electricity load profiles.

Although their limited range remains a major criticism of electric vehicles, the small size of most
CARICOM member states is well-suited to the current distance limitations of batteries used in these
vehicles today. Even within the United States, the average driver travels only 37 miles (59.5 kilometers)
per day, well within the current 100-200 mile (160-320 kilometer) range of electric vehicle technologies.”
Although the average costs of electric vehicles remain high, they have been dropping steadily and rapidly,
and the vehicles have become more reliable as a result of technological advancements. A transition to
electric vehicles would require extensive investments in charging infrastructure, but the many associated
benefits could more than outweigh the initial costs. Mechanisms such as subsidies or rebates would need
to be designed to ensure that, given the comparative expense of these vehicles, mandates or incentives do
not marginalize lower-income citizens.

Liquid biofuels are another option for limiting fossil fuel use in the transportation sector. Blends of
ethanol and biodiesel with fossil fuels typically produce a cleaner-burning fuel than burning gasoline or
diesel alone. For CARICOM member states with significant agricultural sectors, such as Jamaica and the
mainland countries of Belize, Guyana, and Suriname, domestic production and use of biofuels could be a
useful substitute for fossil fuels. Given the significant land-use requirements, biofuel production generally
is not seen as an appropriate solution in smaller island states; however, the development of a regional
market for liquid fuels based on production in more advantageous environments within CARICOM
could benefit the region. Moreover, due to potential negative environmental impacts and the risk of a
food-versus-fuel conflict, the use of biofuels in transportation has not been without criticism worldwide,
including in the United States and the EU. This means that even in areas where these technologies are
deemed potentially viable, serious challenges must be addressed. (See Section 3.1.1.)

Beyond fuel switching and fuel replacement, limiting the need for personal vehicle use will be an
important factor in decreasing the environmental impact of CARICOM’ transportation sector.
Congestion due to heavy reliance on personal vehicles and inadequate planning is both disruptive
and ineflicient, and can inhibit economic activity. Vehicle use can be limited through measures such
as increasing public transportation options and putting transportation planning at the core of urban
development plans. Several islands worldwide have successfully introduced such measures: in Toyama,
Japan, for example, rates of car ownership above the national average prompted the government to
improve public transportation, resulting in a 12% shift from cars to public transportation, decreasing air
pollution and easing traffic congestion.”
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2.3.2 Best Practices in Aviation and Maritime Transportation

Aviation and maritime transportation—both crucial to the Caribbean—use significant volumes of fuel
and are large emitters of greenhouse gases. Together, these two sub-sectors account for some 4.2% of
global emissions, a share that is growing rapidly.”

For CARICOM member states that rely heavily on tourism, aviation is particularly important. To date,
the global community has implemented few concrete policies to make this critical sub-sector more
sustainable, although best practice examples exist for increasing aviation’s energy efficiency, which
could inform decisions made within CARICOM. Adopted as part of the 2008 Emissions Trading System
(EU ETS), EU legislation on aviation is at the vanguard of this effort by commodifying greenhouse gas
emissions to induce innovation for efficiency.” As airports seek to add capacity and as new hubs are
built, for example, improving the layout of terminals and runways can cut taxiing time for airplanes, an
approach that has reduced annual CO, emissions by 11,000 tons annually—approximately 35% of total
airport emissions—at the Zurich Airport in Switzerland.”

Simply updating air traffic control systems can reduce the carbon footprint of commercial travel by
12%. Furthermore, because airplanes burn fuel to cool the main cabin while waiting at the gate, fuel
consumption can be cut significantly and local air quality improved substantially by incorporating fixed
ground power systems and pre-conditioned air at new gates. Finally, as Caribbean airlines seek to expand
their fleets, they can look to the example of Philippine Airlines, which in 2012 purchased a fleet of new
airplanes that are 15-20% more fuel efficient than their predecessors.

Given the island or coastal status of CARICOM member states, maritime transportation offers a unique
challenge as well as opportunity for improvement. The shipping industry relies heavily on low-grade
bunker fuels. Within CARICOM, maritime transportation is important for the import and export of
goods as well as for inter-island personal transportation and tourism. Internationally, there have been
efforts to establish efficiency standards for shipping vessels, such as the Vessel Efficiency Incentive Scheme
promoted by the Japanese government in collaboration with the World Shipping Council.” These efforts
also include financing for pilot projects, assessing the feasibility of incorporating renewables into regional
transit initiatives, such as solar-charged ferry transit projects in Saint Lucia funded by the German Agency
for International Cooperation (GIZ) and the Global Village Energy Partnership (GVEP).”

Unfortunately, regulating the environmental impacts of both aviation and marine transport represents
a major challenge given the general exemption of these sub-sectors from normal tax regulations and
the difficulty of allocating impacts and responsibilities to any one country. Market-based instruments,
such as carbon pricing mechanisms or emissions trading schemes, could be valuable tools in reducing
related emissions. The World Bank has suggested that a carbon tax of USD 25 per ton of CO, emissions
could raise aviation fuel prices by an estimated 8% while only marginally negatively affecting consumer
demand by 2-4%.”

Measures like this can prove invaluable in reducing aviation sector emissions while limiting negative
economic impacts on consumer demand to a manageable level. Globally, there seems to be increasing
support for including aviation emissions in emissions trading schemes, spearheaded by the EU ETS.
Implementation of any wide-ranging mandates to curb the environmental impacts of either aviation or
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maritime shipping likely will require large-scale international commitments that are beyond the scope of
CARICOM alone. At this point, concrete projects to reduce emissions, possibly supported by international
financing, are an important and more feasible step forward.

2.3.3 Data Gaps

Although it is possible to make general observations about CARICOM’s transportation sector, many
critical information gaps must be filled before fully integrated planning can occur, whether at the
national or regional level. This is not unique to CARICOM member states. The Small Island Developing
States (SIDS) DOCK Initiative has noted that, “there is no available information regarding sustainable
transportation for [small-island developing states].””® Detailed information about vehicle and fuel use in
the transport sector often is disorganized or is not collected at all, making analysis and planning difficult.

To address the significant gaps in transportation data across the region, extensive research and stakeholder
collaboration are needed to fully assess the impacts of various transport options, including the large
volume of air transport associated with the tourism industry. The most pressing information gaps include:

Coordinated data collection and analysis of transportation: Designing and implementing effective
national strategies to reduce energy use in the transportation sector will require more complete monitoring
and evaluation of the sector regionwide. Large bodies of critical data are unavailable, including on vehicle
use and registration, fuel use, and availability and use of public transportation.

Updated sector plans and strategies: In addition to transportation sector data that are unavailable,
important information regarding upcoming plans or national strategies for reform is missing. Available
information is often outdated, inhibiting research and integrated planning.

2.4 Carbon Dioxide Emissions
2.4.1 Current Emissions Accounting

Although CARICOM accounts for only a very small share of global carbon dioxide emissions (0.24%
in 2012), preliminary analysis of energy-related emissions indicates significant opportunities for
improvement.” Of the CARICOM member states, Trinidad and Tobago has by far the highest overall
CO, emissions from energy consumption, and its emissions have increased greatly over the past decade,
in marked contrast to the other 14 member states.®® (See Figure 22.) This reflects not only the significance
and size of the country’s fossil fuel sector, but also recent rapid economic growth. The emissions of
CARICOM’s second highest emitter, Jamaica, declined in recent years, largely reflecting the partial
shutdown of the country’s mining sector in response to high electricity prices as well as the effects of the
global recession.

Emissions per capita are low in most Caribbean nations compared to global figures. However, surprising
regional diversity exists. Due to heavy industrialization in the country, Trinidad and Tobago has not
only the highest per capita emissions within CARICOM, but also the second highest per capita levels
globally, after only Qatar.®' Similarly high levels in Montserrat reflect the country’s complete dependence
on temporary, inefficient diesel generators. All other CARICOM member states, however, fall well below
the OECD average emissions per capita.* (See Figure 23.)
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2.4.2 Future Projections of Emissions from the Power Sector (Business-as-Usual Scenario)

The power sector has an extensive carbon footprint. Globally, fossil fuel generation accounts for 90% of
all CO, emissions and for half of all human-caused greenhouse gas emissions.*’ In a business-as-usual
scenario based on the CARICOM region’s existing generation mix, Worldwatch projects that power sector
CO, emissions within member states will increase sharply between 2012 and 2027, reflecting capacity
additions and increased generation.* (See Figure 24.)
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FIGURE 23. Population Size versus Electrification Rate in CARICOM Member States, 2012
Source: EIA, World Bank © Worldwatch Institute
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2.4.3 Data Gaps
Significant data gaps remain regarding CARICOM greenhouse gas emissions. These include:

Updated emissions accounting: Detailed emissions accounting is a necessary first step in any strategy to
reduce emissions throughout CARICOM. Although member states are required to report emissions as
signatories of the United Nations Framework Convention on Climate Change (UNFCCC) process, many
of these official communications miss data points and/or are outdated. As policies and mechanisms are
enacted and implemented to reduce emissions across the region, a detailed monitoring and evaluation
system would allow for existing policies to be evaluated and, if necessary, to be adjusted or supplemented
by new ones based on observed data and aiming at maximizing their effectiveness.

Updated sector plans and strategies: Information regarding existing emissions reductions strategies
and commitments, either linked to UNFCCC communications or independent, is often missing and/or
outdated.

Sectoral emissions data: The limited data currently available generally are not specific enough to assess
and reform energy use within particular sectors. Collection and coordination of emissions in the major
sectors (transportation, power, tourism, manufacturing, etc.) will help guide effective policymaking and
the targeting of appropriate key sectors for emission reduction in each member state.
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Renewable Energy and
Energy Efficiency Potential

3.1 Renewable Energy Potential

Based on existing assessments, every CARICOM member state exhibits significant potential for developing
renewable energy resources, including biomass, geothermal, hydropower, solar, and wind.! (See Table 6.)

Although the assessments often rely on different methodologies and levels of detail, they provide a general
overview of the renewable energy resources currently assumed to be available in each member state. Most
renewable technologies already are being used in a few places in the region, but they remain far from their
enormous potential. Based on domestic conditions, not all technologies can or should be developed to
the full potential indicated in Table 6 (see Section 5.2 for further discussion).

Hydropower resources are being used widely in member states such as Belize, Haiti, Jamaica, St. Vincent
and the Grenadines, and Suriname; however, potentials remain, particularly for small-scale, run-of-the-
river installations that can provide electricity access to remote populations. The region’s potential for
biomass, solar, and wind resources is extremely high, offering significant opportunities for development.
Geothermal resources, available in several of CARICOM’s small-island states, could dramatically change
the region by transforming certain member states into renewable energy exporters.

3.1.1 Modern Biomass

Energy can be generated from a wide variety of biological materials, including agricultural crop residues,
forestry wastes (woody biomass), and even municipal solid waste (MSW). Both crop residue and woody
biomass can be used for heat or electricity, or they can be gasified to have the same functionality as oil and
natural gas, but with lower net carbon emissions. Electricity generation from biomass has the advantage
of being storable, which enables electricity production to be fired up and down and can help offset some
of the intermittency of wind and solar generation in an integrated electricity system.

Modern biomass can provide an easily accessible energy source to the CARICOM region. The strong
agricultural sectors in many member states provide opportunities to sustainably harness organic waste
for use in the energy mix, with development of the necessary technologies. Potential sources of biomass
feedstock in the Caribbean include agricultural crop residues such as bagasse (residue from sugarcane
processing), sweet sorghum, coffee husk, rice straw, and coconut shells, as well as woody biomass. Like
biomass energy, biofuels can be used for power generation as well, although they are used most commonly
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Table 6. Renewable Energy Potential in CARICOM Member States, as of 2015

Country Hydro Wind Geothermal Solar Biomass

MW (unless indicated otherwise)

Antigua and Barbuda 0 400 0 27 N/A
The Bahamas 0 229 0 60 1
Barbados N/A 40 0 39.7 235
Belize 70 N/A 0 42 N/A
Dominica 17 30 1,390 45 N/A
Grenada 0.5 20 1,100 50 N/A
Guyana 7,000 N/A 0 575.8 million 60.2 GWh
MWh/year
Haiti 896.5 273 GWh 0 1.7 82
Jamaica 33.4-56.1 122-1,313 0 650-1,876 192; 65 from
waste-to-energy
Montserrat N/A N/A 940 1.5 N/A
Saint Lucia 0.15 40 170-680 36 1.2
St. Kitts and Nevis 0 6-234 300-1,280 16 4.2-14
St.Vincent and the 10 8 100-890 23 0.9-4
Grenadines
Suriname 1,700 N/A N/A N/A N/A
Trinidad and Tobago N/A 50 N/A 308 N/A
CARICOM (regional 9,750.3 2,153 6,280 25259 2439
minimum proven
potential)

Note: 0" indicates that there is no installed capacity at present; N/A indicates that data were not available at the time of publication.
Source: See Endnote 1 for this section.  © Worldwatch Institute

in the transportation sector. In particular, biodiesel derived from oilseed crops, such as jatropha, can be
used as a substitute for diesel to fuel thermal power plants.

Modern biomass is already a central part of renewable development strategies in some Caribbean
countries, particularly on the mainland. Belize has emerged as a leader in the use of bioenergy as a
baseload energy source, and has built on its initial successes to develop a strategy for future expansion of
its bioenergy capacity. Among the bioenergy resources in use throughout the region are bagasse (used in
Belize, Barbados, Guyana, Haiti, and Jamaica) and biogas systems (in place in Barbados, Haiti, Jamaica,
Saint Lucia, St. Vincent and the Grenadines, and Trinidad and Tobago). Additional pilot projects are in
place in Antigua and Barbuda, the Dominican Republic, Trinidad and Tobago, and elsewhere.

It is important, however, to consider the wider, sometimes negative, impacts of biomass and biofuel
production, which can include significant effects on local food prices, water use, and the overall energy
intensity of fuel production. With the development of biomass resources, appropriate safeguards must be
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put in place to ensure that unsustainable practices do not occur. In Haiti, for example, an overreliance on
traditional biomass coupled with a lack of environmental regulations has resulted in 97% reduction of
the forest cover, with disastrous implications for agriculture, rural livelihoods, and resilience to tropical
storms.? Fuel crops also are vulnerable to the impacts of climate change, and outputs could be reduced as
environmental conditions in the region change.

3.1.2 Geothermal

Geothermal energy can be used to generate electricity or to provide heating and cooling services. It
currently plays a limited role in the global electricity sector, with only 12 GW installed in 24 countries.’
The main technical limitation to producing electricity from geothermal energy is the need for reservoirs
with very high temperatures near the Earth’s surface. Such resources are rare, and most deep geothermal
reservoirs are technologically or economically unfeasible to exploit. In some CARICOM member states,
however, high-temperature reservoirs are located close to the Earth’s surface, making them feasible to
exploit and potentially economically viable.

Where adequate geothermal resources do exist, they can contribute significantly to a country or region’s
electricity portfolio. Geothermal accounts for 27% of electricity generation in the Philippines and 6.2% in
the U.S. state of California.* A major advantage of geothermal power compared to many other renewable
sources is that, where plentiful, it can be used as a baseload source of energy, with plants operating at an
average capacity factor of 73% and top capacity factors above 90%, higher than for any other renewable
or fossil fuel technology.” However, integrating geothermal energy into power grids will require greater
flexibility in the dispatch of power plants fueled by other renewables and conventional sources in order
to be system-compatible.

The most common use of geothermal energy is for heating and cooling. Because these systems can run on
reservoirs with much lower temperatures, viable locations are much more common. About 80 countries
worldwide already use geothermal energy for heating.® Where strong potential exists, geothermal can
supply nearly all of a nation’s heat energy, such as in Iceland, where it accounts for 90% of all heat.”

Many CARICOM member states, particularly the islands making up the volcanic arch of the Lesser
Antilles, possess significant untapped high-temperature geothermal resources. Development of this
resource in member states such as Dominica, Grenada, Montserrat, Saint Lucia, St. Kitts and Nevis, and
St. Vincent and the Grenadines could dramatically alter the energy balance not only of individual islands,
but of the region as a whole by allowing for renewable energy export, which in turn would increase
the economic viability of exploratory drilling. For CARICOM member states with strong geothermal
potential, the relatively small power demand of individual islands poses a challenge to the profitability
of small-scale projects and points to the significant potential benefits that geothermal projects can yield
from regional interconnection, collaboration, and trade.®

There is currently no fully operative geothermal power capacity within CARICOM, and Guadeloupe is the
only island within the broader Caribbean region to have a geothermal power plant in operation.’ The high
upfront capital needs, including for exploratory drilling, have been a significant barrier to deployment.
However, investment and development plans have increased in recent years, and exploratory drilling
and initial installations are under way in some countries. In July 2014, the IDB, the Japan International
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Cooperation Agency (JICA), and the Caribbean Development Bank jointly signed a memorandum of
cooperation to support the Eastern Caribbean in expanding renewable energy and energy efficiency, with
an emphasis on geothermal energy."

In September 2014, St. Vincent and the Grenadines launched a geothermal power plant project near
Mount Soufriere, where it hosts a high geothermal reservoir. The project is supported by the New Zealand
government, and plant construction is expected to be completed by mid-2018."" In December 2014,
Saint Lucia received USD 2 million from the World Bank to start a Geothermal Resource Development
Project, which the government plans to use for project exploration, development, and implementation.'?
The country’s Ministry of Sustainable Development has begun aerial assessment and ground surveys
of promising geothermal sites, with financial assistance from New Zealand."” In Grenada, field work
and geochemical surveys of 12 promising sites had been completed as of February 2015, and sites are
now being assessed for commercial-scale extraction.' In St. Kitts and Nevis, concessions for geothermal
exploration and development by a public/private consortium in 2009 were attracting investment interest
from the Caribbean Development Bank as of 2015."° And, as mentioned previously, Montserrat hopes to
source 100% of its electricity supply from geothermal by 2020 and has secured USD 17.6 million from the
U.K. government for exploratory drilling.'s

3.1.3 Hydropower

Large hydropower comprises the majority of renewable power generation, both within CARICOM and
worldwide. Globally, hydropower accounts for an estimated 16% of electricity production.”” In many
parts of the Caribbean, it represents an ideal option for power generation given the hilly topography
and high rainfall. Several member states, including Belize, Haiti, and Suriname, already have significant
installed hydropower capacity and generate a large share of their electricity from these resources, whereas
some others have significant potential that is yet to be harnessed. Development of large-scale hydropower
facilities such as the 165 MW Amalia Falls project in Guyana stands to play a significant role in the
changing energy mix. Like geothermal, hydropower presents opportunities to extend and interconnect
energy markets, nationally and beyond. Mainland member states such as Guyana and Suriname have
particular incentives to look into this option.

Large hydropower: Despite being a low-carbon, renewable energy source, large hydropower often
has serious environmental and socioeconomic impacts.”® The damming of rivers to create the large-
volume reservoirs needed for power generation can harm human populations, natural ecosystems, and
biodiversity. Globally, large-scale hydropower projects have led to the displacement of local populations
and to adverse impacts on downstream water conditions, which affect the livelihoods of even populations
not displaced by the facilities themselves. Although hydropower generation itself produces comparatively
low emissions, the construction of hydropower plants—including the destruction of forests and other
carbon sinks to create reservoirs and the large amount of materials, including concrete, needed for
construction—has heavy emissions impacts.'” Hydropower systems are also vulnerable to the impacts of
climate change, as increasingly common drought conditions will reduce electricity output.

Small hydropower: Small hydropower has many advantages as an energy source, including the ability to
provide cheap and clean electricity to communities that may not have access to other resources. Small
hydropower is used around the world, especially in remote areas. Usually classified as hydropower that
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generates less than 10 MW of electricity, it can operate as “run-of-the-river” systems that divert water to
channels leading to a waterwheel or turbine, avoiding many of the negative impacts of large-scale hydro.
Despite these benefits, small hydro has relatively high upfront costs compared to conventional energy
sources and requires specific site characteristics, including adequate stream flow, which precludes its
development in several small-island CARICOM member states. Although low-volume, continuous-flow
systems have made hydropower feasible in small streams, certain agricultural practices and methods
of forest management have led to decreased flows in rivers and streams on many islands, making the
resource uneconomical.”’ Consumers also must be close to the harvested hydro resource. In some rural
areas, low consumer demand for electricity due to the lack of economically productive uses for power
often makes attracting funding difficult. Issuing grants, setting up preferential financing schemes,
and cultivating local small hydro manufacturing economies have proven crucial for initiating and
maintaining such projects.

3.1.4 Municipal Solid Waste

As with biomass sources from agriculture, municipal solid waste (MSW) or waste-to-energy technologies
offer the opportunity to use previously discarded materials as a fuel source to provide both electricity and
heat. This waste contains significant organic material and, when burned, can drive a turbine like any other
thermal power plant. In addition, landfill gas (primarily methane) can be captured and used to power a
thermal power plant.

MSW is advantageous because it can be used as a baseload source of power. Because the waste otherwise
would be discarded, it is also a cheap fuel source that requires little resource extraction or change in land
use. Depending on whether it is incinerated or gasified, however, MSW can result in varying emissions
levels, necessitating detailed research for viability in particular contexts or development plans. MSW
has drawn attention in the CARICOM region. In Haiti, for example, MSW is estimated to be able to
provide between 9.7 MW and 24.3 MW of power capacity, depending on the rate of waste collection.”!
However, the viability of MSW is severely restricted in member states where small populations do
not generate the volumes of waste necessary to fuel waste-to-energy plants, or where waste collection
capacity is limited.*

3.1.5 Ocean Energy

Ocean energy technologies—including wave and tidal power generation, ocean thermal energy conversion
(OTEC), and salinity gradient technologies—may offer significant opportunities for power generation.
The use of deep sea cooling is particularly relevant for the tourism sector. Already, these technologies
have been identified as a priority area for future focus under SIDS DOCK,* as they offer significant
potential throughout the Caribbean region.

However, unlike most of the other renewable energy technologies examined in this section, marine energy
technologies pose challenges to commercial viability. The costs of building and installing wave and tidal
systems, including both the generation equipment and the underwater cables, can be prohibitively high.

* SIDS DOCK s a sustainable energy initiative comprising member countries of the Alliance of Small Island States (AOSIS),
with a focus on achieving sustainable economic development through transformational change in the energy sector.
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Additional factors that need to be considered when developing marine energy projects include corrosion
of equipment in seawater, coexistence with other human uses of coastal waters such as fishing and
recreation, grid connection obstacles, and potentially significant ecosystem disturbances. Consequently,
most of the current global capacity exists in the form of pilot and demonstration projects.

Still, initial assessments demonstrate that the existing potential might be most adequate for oft-grid
solutions serving individual consumers, such as individual resorts. As marine energy technologies
advance further, this may allow them to play a significant role in the future energy mix of CARICOM,
as highlighted by pilot projects such as deep sea cooling in the tourism sector of the Bahamas.* With
technologies maturing and costs decreasing, wave and tidal generation could become cost-competitive in
some coastal regions. Still, the potential for OTEC in the region will remain restricted.**

3.1.6 Solar

All CARICOM member states possess strong solar energy potential and many opportunities to use solar
technologies for power generation, heating, and cooling—making solar a crucial regional sustainable
energy solution. Throughout the Caribbean, the resource thus far is mostly untapped, despite the fact that
a suite of mature technologies to convert the sun’s energy into electricity is booming worldwide, including
in places with much lower resource potential.

Solar electricity technologies generally fit into one of two categories: photovoltaic (PV) modules that
convert light directly into electricity, and concentrating solar power (CSP) systems that convert sunlight
into heat energy that is later used to drive an engine. Solar power can operate at any scale, but whereas
utility-scale CSP systems generally are considered viable only in very sunny climates with little-to-no
cloud cover, PV technology is modular and can be scaled for use on a household rooftop, in medium-size
settings such as resorts and industrial facilities, or as part of a large network of utility-scale PV farms. It
is also a more flexible technology, capturing both direct and diffuse irradiation. Solar PV is better suited
than CSP is to the conditions observed in most parts of the Caribbean.

In addition to providing electricity, solar energy is used as an alternative to electric or gas systems for
heating water and spaces. Solar water heating can be active or passive, meaning that the systems either use
pumps and controllers to move and regulate the water, or rely only on convection. Active systems are more
efficient but also are more expensive and require significantly more maintenance. Passive systems have
no moving parts and are valued for their simplicity. Solar hot water systems are broadly cost-competitive
globally, with payback periods of under two years in many cases. By the end of 2013, global solar water
and space heating capacity reached 330 gigawatts-thermal.”> More than half of this is in China, and the
vast majority is used for water heating.*

For small-island states with high electricity costs, the attractiveness of solar water heating is clear.
Cyprus is the world’s leader in installations per capita, and Barbados’s experience with the technology is
considered a Caribbean renewable energy success story.”” Duty-free equipment imports and tax incentives
in Barbados have created a thriving market, and the country has installed 40,000 solar hot water systems
on homes, businesses, and hotels, penetrating the market for residential buildings by 33%.2® The success
of this project was cited explicitly by the IDB in announcing a multimillion-dollar loan to Barbados for
continued renewable energy development.”
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The high component costs that traditionally have plagued solar technologies have declined significantly,
with solar PV module costs falling nearly 80% between 2009 and 2013 alone, making solar cost-
competitive with fossil fuels under certain conditions.*® These conditions exist in most if not all
CARICOM countries, and several member states recently have demonstrated first major successes using
solar energy, including solar PV for rural electrification in Guyana and solar water heating in Barbados
as well as Antigua and Barbuda.

3.1.7 Wind

CARICOM member states exhibit high potential for wind power development. Outside of hydropower,
wind has been by far the most successful renewable electricity source worldwide, with 318 GW installed
globally by the end of 2013.* The costs of wind power can be as low as 4-7 cents per kWh in attractive
locations, making it significantly cheaper than even the cheapest fossil fuel alternative.’* According to a
2010 report from Nexant, wind has the potential to be the fastest-growing renewable energy technology
in the CARICOM region over the next two decades.”®> A few CARICOM member states have begun
developing capacity to harness the resource. Jamaica, for example, had 48 MW of installed wind power
capacity in 2013 and, as of January 2015, had secured financing for an additional 36 MW.** St. Kitts and
Nevis has 2 MW of installed wind capacity. Other member states are also exploring utility-scale wind
infrastructure.”

Wind power is presently used mostly for centralized utility-scale generation. However, turbines come
in many sizes, and innovations for smaller-scale generation make decentralized wind generation an
increasingly viable option. Small-scale (50 to 100 kW) wind-diesel hybrid systems are growing in the
Caribbean, and a U.S.-funded project in Dominica is aimed at demonstrating the viability of wind
generation facilities of under 250 kW in the region.*® Wind turbines can provide on-site electricity
generation for large electricity consumers such as a factory or farm. Unlike traditional on-site thermal
generators, however, wind is intermittent and cannot be started up at will. Connecting these turbines to
the grid can greatly increase the value of the electricity, as landowners are able to sell excess power.

3.1.8 Comparative Costs of Renewable Energy Technologies

Many renewable energy technologies can be employed at relatively low costs compared to current
electricity generation in the CARICOM region. Figure 25 compares the global range of generating costs
for various renewable technologies to the range of residential electricity tariffs in CARICOM (between
4 U.S. cents and 33 U.S. cents per kWh).*” For reference, the figure also notes current residential energy
prices in CARICOM member states that demonstrate strong potential for a given renewable energy
source. Although global generating costs and region-specific residential electricity tariffs are not directly
comparable, they indicate on a basic level the cost-effectiveness of renewable energy technologies,
especially in the context of a region with notoriously high electricity prices.

The cost-competitiveness of renewables in the Caribbean—even in conventional analysis that does
not include so-called externalities such as pollution and resulting health costs—presents enormous
opportunities for their expansion. The full advantage of renewables only becomes visible, however, in
a detailed review of costs and benefits associated with various generation options. Readily available
Levelized Cost of Electricity (LCOE) analysis enables policymakers to make fully informed decisions
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FIGURE 25. Global Power Generation Costs by Technology Compared to the Range of Electricity Tariffs
in CARICOM Member States

Note: Figure depicts the global range of generation costs for a number of renewable energy technologies, places them within the range
of CARICOM electricity tariffs (4-33 U.S. cents per kWh; the horizontal blue lines), and provides example tariffs in select countries with strong
potential for that particular resource.

Source: State utility ministries, REN21 © Worldwatch Institute

on which development pathway to pursue. Unfortunately, these types of assessments are mostly lacking
across the region.

Renewable technologies often have significant upfront exploration, development, and installment costs,
which remain the most powerful barrier to renewables in many places, including in the Caribbean. If
costs are passed on to consumers, these investments can mean short-term spikes in electricity tariffs.
Over the entire life span of installed technologies, however, analysis in select parts of CARICOM and
neighboring countries shows that certain renewable technologies are already cost-competitive, with the
cost of generation falling well below the price currently paid for electricity generated from fossil fuels
once installation, operations and management, and fuel costs are included.

Moreover, despite the Caribbean’s high electricity tariffs, electricity pricing in the region (as in most of
the rest of the world) continues to reflect only a fraction of the total costs to society resulting from a
given generation system. Existing economic assessments typically fail to take into account the numerous
macroeconomic benefits of clean technologies, including job creation and expanded rural electrification,
as well as the significant social costs of conventional power, including pollution’s negative impacts on
human health, and the costs of climate change and pollution. The wide-ranging electricity tariffs paid
within CARICOM—{from a low of roughly 4 U.S. cents per kWh charged by T&TEC in Trinidad and
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Tobago to the 33 U.S. cents per kWh charged by LUCELEC in Saint Lucia—do not internalize these
significant costs.*

3.1.9 LCOE+

Building on traditional LCOE analysis, a full assessment of socioeconomic impacts across the region,
spearheaded by CARICOM, could lead to more balanced understanding of the true societal costs of
different power systems, correcting skewed market conditions and creating an environment that is more
favorable for renewable energy development and deployment. By providing policymakers with this more
detailed information, such “LCOE+” analysis that integrates societal costs would play a central role in the
enactment of long-term, integrated development scenarios that will benefit the region for years to come.

Internalizing these costs would allow for more comprehensive decision making and a better understanding
of the impacts that investments in specific technologies and fuels have on society as a whole. In many cases,
deploying renewable power options could reduce the costs of generation compared to current systems.
For CARICOM member states, simultaneously faced with high tariffs, vulnerability to international oil
prices, and the impacts of climate change, it is critical that these factors be integrated into pricing models
across the region. Doing so would create incentives for renewable energy deployment by creating a more
transparent energy pricing structure.

The Model for Electricity Technology Assessment (META), developed by the World Bank’s Energy Sector
Management Assistance Program (ESMAP) and used extensively in Worldwatch’s Sustainable Energy
Roadmaps in the Caribbean, is an important tool that can be used to map the true cost of electricity. This
flexible modeling tool internalizes factors such as local pollution and climate change to provide a more
comprehensive picture of generation costs by technology—both renewable and non-renewable—that
reflects the unique domestic conditions of each country.

3.2 Current Sustainable Energy Initiatives

A diverse array of sustainable energy initiatives technologies is being developed, explored, and
implemented to harness the many available renewable resources in CARICOM member states. Many
interesting case studies on renewable energy deployment and energy efficiency advancements exist
throughout the region. Future research should focus on assessing these examples in order to replicate
successes and learn from the challenges. Below are three examples that highlight the opportunities seen
across the region.

3.2.1 Solar Water Heaters in Barbados

Barbados has emerged as a global leader in the deployment of solar water heaters. The industry has been
operating on the island since the 1970s and, to date, has installed upward of 50,000 individual units. Solar
water heaters have an immense impact on reducing energy use, related emissions, and fuel import bills
for energy import-dependent countries. In Barbados, the installed systems contribute to estimated energy
savings of 200 million kWh per year and to significant emissions reductions savings of 428 kilograms of
CO, per system per year—equivalent to more than 5.5% of national carbon emissions.”” The government
has played a key role in developing this important segment of the renewables market by introducing fiscal
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incentives into the national tax code to mitigate the cost barrier that the technology poses to citizens.

3.2.2 Geothermal in Dominica

Although geothermal resources have yet to be exploited within CARICOM, some member states are
making significant strides. Dominica is a regional leader in taking concrete action to develop the sector,
with contracts in place since 2011 to govern exploration of the island’s geothermal potential. One of
the most promising options for development is the Wotten Waven site, for which successful tests were
completed in June 2014 to ensure that an initial well was suitable for energy production.* The project
will begin with 6-8 MW of production and has the potential to expand to 120 MW, which would allow
Dominica to export power to Guadeloupe and Martinique.*

The multi-year project has not been without major setbacks, however. In 2013, Electricité de France (EDF),
the world’s largest utility company and a leading project partner, withdrew from Wotten Waven, citing low
profitability opportunities compared to other investments such as the Eastern Caribbean Gas Pipeline,
which would transport natural gas from Trinidad and Tobago to Barbados, Guadeloupe, Martinique,
and Saint Lucia.”” EDF’s decision reflects a common pattern in the region. Several proposed geothermal
developments have fallen through or been delayed due to investment concerns, reemphasizing the need
for mechanisms to reduce the financial risks involved in geothermal and other renewable development.
The importance of breaking from this regressive investment pattern has become increasingly apparent as
other CARICOM states move to develop their geothermal endowments. (See Section 3.1.2.)

3.2.3 Wind Power in Jamaica

With an installed capacity of 38.7 MW, Wigton Wind Farm is the largest of Jamaica’s two commercial-scale
wind farms and the largest wind installation within CARICOM. Phase I of the facility was commissioned
in 2004 with an initial capacity of 20.7 MW and a cost of USD 26 million; the loan has since been
refinanced through the Petrocaribe Development Fund.* Under the original 20-year agreement, Wigton
sold electricity to the grid operator at a rate of 5.6 U.S. cents per kWh for the first five years, and 5.1 U.S.
cents per kWh thereafter. These rates were too low for the wind farm to be profitable, however, and the
terms were renegotiated to reflect an updated avoided cost level averaging around 10 cents per kWh over
the amortized life of the project’s debt. Rather than steady payments at the avoided cost level over time,
the payments to Wigton under the new agreement are higher in the first few years—allowing the company
to recover high upfront capital costs—and then lower in later years, averaging out to the avoided cost.

Phase II added 18 MW of capacity and began feeding electricity to the grid in December 2010. The
extension came at a cost of USD 49 million, also financed by Jamaica’s Petrocaribe Fund.** Phase III of
this project, awarded in late 2014, will add another 24 MW of installed capacity, bringing Wigton’s total
to 62.7 MW of installed renewable energy capacity.* As of January 2015, construction of an additional 34
MW of wind energy capacity by BMR Energy had been approved by the agency responsible, OUR. It is
expected to begin commercial operation in early 2016.%

According to Wigton officials, the major barrier to new capacity has been the low avoided cost-based
price for IPP wind generation at less than 11 U.S. cents per kWh—officials stated that a price of 13-14 U.S.
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cents per kWh would be necessary to make additional capacity viable at Wigton.”” Because the Jamaican
utility JPS currently sells electricity for 30-40 U.S. cents per kWh, a guaranteed price of 13-14 U.S. cents
per kWh would be reasonable and could spur significant wind power development. For Phase III of
Wigton and the BMR projects, the utility signed power purchase agreements (PPAs) for 13.3 and 12.9
U.S. cents per kWh, respectively.*®

These initiatives depict a sampling of the many sustainable energy programs and projects currently in
exploration or already under development across the region. Unfortunately, however, renewable energy
deployment across CARICOM often is characterized by a lack of follow-through on developed strategies
and plans. All renewable technologies have fallen victim to this trend on numerous recent occasions. Gaps
between project planning and implementation hamper a broader and faster sustainable energy transition.

3.3 Potential of Energy Efficiency in the Region

In tandem with renewable energy technologies, energy efficiency and energy conservation measures can
be deployed across all economic sectors—including residential, commercial, and industrial —to reduce
energy demand.* Referred to as “the fifth fuel,” energy efficiency measures are often both the cheapest
and fastest way to lessen the environmental and economic costs associated with a given energy system.

Energy efficiency is an important first step because of its compounding effects: when a