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Executive Summary

TheCaribbean region currently stands at a crossroads, faced with several critical challenges associated
with the generation, distribution, and use of energfpespitetremendous renewable energy resources,

the region remains disproportionately dependent on ionted fossil fuels, which exposes it to volatile

and rising oil prices, limits economic development, degrades local natural resources, and fails to
establish a precedent for global action to mitigate the lksegn consequences of climate change, which
posea particularly acute threat to smalland states and loyying coastal nations.

The Caribbean Community (CARICOM) is poised to play a crucial role in the regional transition to
sustainable energy. CARICOM represents 15 diverse member states: Antiggarauda, The

Bahamas, Barbados, Belize, Dominica, Grenada, Guyana, Haiti, Jamaica, Montserrat, St. Kitts and Nevis,
St. Lucia, St. Vincent and the Grenadines, Suriname, and Trinidad and Tobago. Although the geography,
culture, and economic structures tifese states vary widely, they face many common energy

challenges. Recognizing the need to develapardinated regional approach to expedite the increased

use ofrenewable energyand energy efficiencyand chart a new, climateompatible development path

that harnesses indigenous renewable energy resources, maximizes energy use, minimizes environmental
damage, and spurs economic growth and innovation, CARICOM adopted its régierg) Policyn

2013 after a decade in development. To facilitate the pescef translating intentions into action, the
CARICOM Secretariat commissioned@agibbean Sustainable Energy Roadnaap Strategy (€
SERMS)esigned to build on existing efforts in the region and to provide CARICOM member states with
a coherent strateyg for transitioning to sustainable energy.

In this CSERMS PhaseBhseline Assessment and Reptire Worldwatch Institute provideszaseline
assessmen ¥ (G KS NBIA2y Qa OadidnBndsiregiSnal SalgBt®r redewibbizboivar 2 v >
generation energy efficiency, and carbon emissions reductions in the g4bort (2017), mediurterm

(2022), and longerm (2027), andutlines key strategiegor achieving those goals. Based on this
assessment, detailed strategy fopriority project, policies, ad initiatives to be undertaken in the

region can be fountiere andin the correspondingummary and Recommendations for Policymakers
reportprepared by Worldwatch.

This report explores the options for energy reform across a wide range of sectors, aleaflyhich

face significant energy challenges. In ffmver sector current generatiorrelies heavilyon dirty and

expensive fuels, andis often insufficient to meet the needs of local populations. These challenges are

often accentuated by isolated gritetworks, high losses, small overall generation capacity, outdated

equipment, and a lack of financial resources to make needed advancenieasportationaccounts

for a significant share of total energy consumption in nearly all member states, whilgyeperduction,
manufacturing, and extractive industries account for a majority of energy consumption in certain

member states. Theourism sector presents unique opportunities for rapid and significant impact

because of its high energy consumption and enous economic importance regionally. Significant data

Il | ONRaa Fff aSOl2NR O2yiAydzsS (2 KAYRSNI O2 YLINB
aAddzr GA2y @ lf GK2dAK adAtt NBtlIGAGStEE YI@AYylt Ay
mix, renewable energy technologies are playing an increasingly large role throughout CARICOM.

Fortunately extremely strong potentiaffor utilizing domestic renewable resourcesxists across the
region. Initial technical assessments indicate enormous opportunities for sustainable energy solutions
based on energy efficiency improvements and the development of both baseload and variable
renewable resources including geothermaldhypower, modern biomass, solar, and wind. Current grid



and storage infrastructure, however, is generally insufficient to support such developments on a large
scale. Harnessing observed potential will require that a numb&eptechnical assessment gapse

filled. Detailed renewable energy, energy efficiency, and grid and storage assessments are still lacking in
many areas across the region and, in cases where these have been conducted, they are often not
communicated or are not made publically available.

Despite the strong potential for energy efficiency and renewable energy observed in all CARICOM
member states, the development of sustainable energy systems will not occur organically. The
successful expansion of sustainable energy depends largely gmeabence of dong-term vision, the
effectiveness of existing policy and regulatory structuresnd the surroundingovernance and
administrative framework To date, all 15 member states have adoptethtional energy policyor

have a document in advancathges of development. National policymakers across the region have set
domestic targetgo promote renewable energy use. Many member states have already taken the lead
in developing and implementindpmestic policy mechanism® support an increase in newable

energy and energy efficiency. At the regional level, policymakers have jointly estalviestgiting as

the appropriate minimum standard for policy support across CARICOM. Despite these important initial
steps, sustainable energy development as¢he region continues to be limited by policy and data
gaps, administrative ineffectiveness, and often inefficient and uncoordinated implementation efforts.

Regional collaboration between member states can significantly transform the CARICOM entrngy se
Based on an initial assessment of renewable resource potentials, existing energy policy frameworks, and
international best practices, Worldwatch has developed and recommenetgidnal sustainableenergy
targets for renewablegower generation energyefficiency, and reductions in carbon dioxide (§O
emissionsin the short, mediunt, and longterms. In this report, Worldwatch recommends target<26f
percent renewable power capacity by 2017, 28 percent by 2022 and 47 percent by, 2(83percent
redudion in energy intensity by 2027andpower sector C@emission reductions of 18 percent by
2017, 32 percenby 2022and 36 percent by 2027These ambitious targets, many of which were
adopted at the 41st Special Meeting of the Commission on Trade andfoobevelopment (COTED)
on Energy, unite the region under a common vision and establish CARICOM as a global leader in
renewable energy promotion.

Throughregional collaboratios =/ ! wL/ haQa mp YSYoSNJ adladSa KI @S
maximize theirndividual resources and spearhead renewable energy development regionwide by
working together toward common and coherent goals. The CARICOM Energy Policy at8ERME

project are both critical steps toward a more cohesive approach to regional energyinda Many

obstacles remain, however, that must be overcome through the promotion of priority projects, policies
and initiatives at the regional and national level.

Full transformation of the CARICOM energy sector will be atemng process requiring égnsive

commitment and dedicated collaboration between all member states, regional and international actors.
The regional approach outlined bySERMS will ensure that no member state will be forced to travel

this path alone, but will instead be supportbg 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.

[



Caribbean Sustainable Energy Roadmap and Strategy PhasSERMS)

Baseline Report and Assessment

/Recognizing the need to develogaordinated approach to addressing regional energy challengbe,Carit@!

Community (CARICOM) began developingriex@y Policy in 2002. Approved in 2013, the document promotes a
shift to sustainable energy through increased use of renewable energy sources and improvements in energy
efficiency. In 2009, the Secretariat commissioned@agibbean Sustainable Energy Roaap and Strategy (C
SERMS)Xesigned to build on existing efforts in the region and to provide CARICOM member statgsntith
regional sustainable energy targets and a common, coherent stratiEgytransitioning to sustainable energy
systems.

The CSERNF| Baseline Report and Assessmprdvides aroverview of the regional energy situatioridentifies
critical information and data gapsand recommendshort (2017), medium (2022), and lortgrm (2027) targets
for share of renewable energy in electricitsopuction, energy efficiency improvements, and carbon dioxide
\emissions reductions the power sectorlt alsorecommends a series of priority actiortkat CARICOM andit)

member states can undertake to achieve these goals.

1 The Caribbean at an Energy Crossroads

1.1 CARICOMand Regional Context

The Caribbean regiarurrently stands at a crossroads, faced wétkwveralcritical challenges associated
with the generation and use of ener¢@ee Figure 1Heavy dependence on imported fossil fuels
exposes mangZaribbean countries to volatile and rising oil prices, limits economic development,
produces high electricity tariffs, negatively impacts human health and the environment, and fails to
establish a precedent for global action to mitigate the lkagn congquences of climate change, which
pose a particularly acute threat to smadland states and losying coastal nations.

Technical _ : Environmental
wisolated grid Socioeconomic ol ocal air, freshwater
networks uHigh electricity tariffs and ocean pollution
aSmall overall wVulnerability to rising , wDeforestation
generation capacity volatile fuel prices uwDegradation and
wlnability to meet wMissed opportunities depletion of natural
existing and future for domestic habitats, ecosystems
demand investment and jobs and resources
wOutdated equipment uEnergy poverty uGlobal climate
olLow efficiency change
© Worldwatch

Figurel. Major Energy Challenges in CARICOM
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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 politicalvill required to harness renewable energgd energy efficiencior economic,

social and environmental good.

The Caribbean Communi¢¢ ARICOMS3 well positioned to play a crucial role in leading and
coordinating this effort on a regional scakestablshed in 1973 under the Treaty of Chaguaramas,
CARICOM is a regional organization representing 15 member states: AatijBarbuda, Bahamas,
Barbados, Belize, Dominica, Grenada, Guyana, Haiti, Jamaica, Montserrat, ShdfN#sgis, St. Lucia,
St. Vincenandthe Grenadines, Suriname, and Trinigad] Tobago.

CARICOM member states, representing a total populatioreafly 17million people, exhibit a high
degree of geographic, cultural, and economiedsity. Although manZARICOMtatesare located

close to one anothertheir topography varies widely, with significant implicationstfoth available

energy resources and options for energy sector developmBEmCARICOINegioncomprises several
relatively large states in thGreater Antilles, a number of much smaller island states in the archipelago
of the Lesser Antilles, and three ldying coastal states.

Although tourism and the services sector represent the economic mainstays of many CARGORsY
states, other imporant industriesincluding agriculture, manufacturingnd mining flourishacross the
region In 2012, the per capita gpssdomesticproduct (GDPjat purchasing power parityPPPYyangel

from U9 1,300 in Haiti to USB1,300 in The Bahamademonstratingbothi KS NB3IA 2y Qa SO2y 2

diversityandthe need foraregional energy strategy to consider a wide range of development capacities
and priorities®

Despite this diversity, CARICOM member states face stargdenergy challenges. Most CARICOM
members rely almost exclusively on fossil fuels for both transportation and electricity generasion.

most member states hauétle-to-no currently exploitable domestic fossil fuel reserves, their reliance
onimported fosilfuels to meet domestic demand threatens their energy security, exposing them to the
volatility of international oil markets and requiring that a large portion of their annual GDP be devoted

to energy imports. In many cases, this impedes broader ecanand social development by depleting

and damaging natural resources, diverting to foreign producers large sums of money that otherwise
couldo S Ay @SA0GSR R2YSaGAOlIftes AYONBlIaAy3d ylLiAaz2ylf
and generallyesulting in high electricity tariffs that can discourage foreign investment and economic
development’

Table 1. Selected Indicators of CARICOM Member States

Population Total Land Urban GDP GDPPer Major Industries
(as of July Area Population (million Capita
2013) (square Share USD, PPB (USD,
kilo meters) (2010) (2012) PPP)
Antigua and 90,156 442.6 30% 1,535 17,500 Tourism, construction,
Barbuda light manufacturing
The Bahamas 319,031 13,380 84% 11,040 31,300 Tourism, banking, cement,
oil transshipment
Barbados 288,725 430 44% 7,091 25,500 Tourism, sugar, light
manufacturing,
component assembly
Belize 334,297 22,966 52% 2,896 8,400 Tourism, marine products,
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citrus, cane sugar,
bananas, garments
Dominica 73,286 751 67% 497 14,600 Agriculture, tourism,
financial and other
services, water bottling,
soaps, essential oils
Grenada 109,590 344 39% 1471 14,100 Food and beverages,
textiles, light assembly,
tourism
Guyana 739,903 214,969 29% 6,164 8,000 Bauxite, sugar, rice
milling, timber, textiles,
gold mining
Haiti 9,893,934 27,750 52% 12,920 1,300 Textiles, sugar refining,
flour milling, cement
Jamaica 2,909,714 10,991 52% 25,180 9,100 Alumina, bauxite, sugar,
rum, coffee, yams,
beverages, chemicats

Tourism
Montserrat 5,189 102 14% 43.78 8,500 Tourism, rum, textiles,
electronic appliances
St. Kitts and 51,134 261 32% 890 15,500 Tourism, cotton, salt,
Nevis copra, clothing
St. Lucia 162,781 616 28% 2234 13,300 Tourism, clothing,

assembly of electronic
components, beverages

St.Vincent 103,220 389 49% 1,301 11,900 Tourism, food processing,
and The cement, furniture, clothing
Grenadines

Suriname 566,846 163,820 69% 6,685 12,300 Bauxite and gold mining,

alumina production, oil,
lumber, food processing
Trinidad and 1,225,225 5,128 14% 27,120 20,400 Petroleum and petroleum
Tobago products, LNG, methanol,

ammonia, urea, steel
products, beverages, food

processing, cement
Source: See Endnetl © Worldwatch

Power systems throughout the regiortypicallycharacterized by isolated grids, small overall generation
capacity, and often single utility monopoliepose significant challenges to the development of
sustainable energy solutiond/ith the exception of Trinidadnd Tobago, which usedomesticnatural

gas for power generation, ost of these systems relgn expensive fuelke heavy fuel oilHFO)r

diesel, further exacerbatgthe cost issues faced BYARICOMations.Low efficiency across the region

in both the transportation and electricity sectdisrther aggravats energy system cost#loreover,
CARICOM membstatessharea particular vulnerability to the environmentaihd socioeconomic

impacts of climate changencludingsealevel risewater scarcitycoral bleaching, and the increased
strength and frequency of tropical storms.

Fortunately, each of CARICQM menber statepossesses significareanewable energyesources

including biomass, geothermal, hyg@wer, solar, wastdo-energy and wind, as well as tremendous
opportunities tomake dramatic improvemenis energy efficiencyCaribbearstates under the political

and economic umbrella of CARICOM, have the potential to become global leaders in-clmgiatible
development by collectively pursuing an alternative, less emissigaasive path. Smaikland states

like those in CARICOM can serve as ideal showcases foatban development strategidsecause of

the congruence of their national economic and security interests with the global climate agenda, as well
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astheir smallsize andelativeeconomichomogeneity. With adequate support, they can demonstrate
on alocalizedscalethe kind ofsustainable energy transition thattimately needs to bachieved
globally.

1.2 CARICOM Energy Policy

In recent decades, Caribbean goverents have becomancreasinglyaware of the enormous economic,
environmenta) 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 gasiems through development

of indigenous andenewable energyesources.

TheCARICOM Energyplicy, approved in 2013poks to maximize the positive economic, social, and
environmental benefits that have come from developiegewable energwaround the vorld. The
renewables sector has become a powerful economic foreith investments topping record USIB300
billion globally in 201% Increased investment and technology deployment have contributedrtbast
industry networkthat supports more than5 milion jobs worldwide, twice asiany as ir2008* When
developed in an efficient, coordinated manneznewablescanprovideextensive benefits to society
including the opportunity to expand energy access, reduce the negative health impacts of fosskfuel
and reduce environmental depletion and degradation. These benefits should not be underestiinated
the United States alone, reliance on fossil fuelsults inestimatedannualéhidden costs related to
pollution control and health caref someUSD120 billion®

Recognizing the need to develop a coordinated approaadtiyessing regional energy challenges,
CARICOM began developing a regi@margy strategyn 2002 At the TwentyFourth Meeting of the
Conference of Heads of Government of CARI@OMIy 2003the Task Force on Energy was tasked with
drafting aregional Energy Policy to address issues that initially included energy security, energy pricing
policy, and arrangements for transportation afueél purchasindg. Now, roughly a decade later,

promoting a shift to sustainable energy through increased userséwable energgources and
improvements irenergy efficiencyas become a central focus of the CARICOM Energy Policy.

1.2.1 Benefits of a RegionahApproach to Energy Development in CARICOM

PPaalr3sS 2F GKS /!wL/ ha 9ySNHe& t2fA0& Ay cohesimeo RSYZ2y
and coordinated regional approach will facilitate a broad transition and help achieve sustainable energy

goals mosefficiertly and costeffectively.While individual CARICOM member states can have a

significant impact on advancing the production and efficient use of renewable energy technologies,

regional collaboration presents opportunities to share best practices, expetiandeexpertise while

drawing on a common vision and shared resources to drive development more effec®uslgessful

regional cooperation can leverage both the combined economic resources of individual states and the
complementary renewable energy rasmes of the region as a whole. Integrated regional markets

allowingenergy to be produced where it is cheapest, and then traded, can result ireffestive

sustainable energy supply options to the benefit of all participating states.

In the Caribbeamegion, where most states are too smallitmependentlydevelop renewable energy
projects on a scale large enough to attract investments from internatimancial marketsa regional
approach can aggregate projects, reduce transaction costs, and secfieancing opportunities. If
designed effectively, it also can contribute to the development of regional supply chains and capacity
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building, leading to increased job creation, knowledge sharing, and broader economic and social
benefits

Given these dvantages, regional cooperation on sustainable energy development is already taking

place in many parts of the world. The European Union represents only one example efiatioki

cooperation on regional energy planning. Organizations such as the EC@W©AS®@ Renewable

Energy and Energy Efficiency (ECREEE) in West Africa, the Regional Center for Renewable Energy and
Energy Efficiency (RCREEE) in the Middle East North Africa (MENA) region, and the Union for the
Mediterranean all exemplify regional intgovernmental efforts to cooperate on renewable energy
development.

Regional coordination comes with its own unique set of challenges, however. The diversity of regional
members must be recognized and respected, and a consolidated effort must be mexdsui@ that

each is willing and able to contribute to a joint program for regional sustainable energy development.
Member states must agree on how to share burdens fairly and equitably in a practicable way. Its
implementation must be measured, reportedaverified in a transparemhanner. Realizing the full
benefits of a transformational shift to renewable energy and energy efficiency requires regional
cohesion coupled with support mechanisms to keep each actor on track to achieving common goals.

In the Caribbean, CARICOMuisll 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 already sigrficant progress by passing the
CARICOM Energy Policy, adopting initial regional targets for renewable energy penetration in the power
sector, and using the-SERMS initiative to drive data gathering and energy sector reform.

1.2.2 Caribbean Sustainable Energy Roadmap and Strategy (C-SERMS): Setting Initial
Sustainable Energy Targets

In addition to theCARICOMENergy Policyariousprograms and initiatives including the CARICOM
Energy Program, the Caribbean Renewable Energy Development ProgrBEDR)YGhe Caribbean
Sustainable Energy Program (CSEP), and the OAS Global Sustainable Energy Islandshaiteatieen
established to help address sustainable development challenges in the ré@gieyhave resulted in
manyimportant studies and projectss well as widespread recognition that energy sector reform must
be a priority’ Even so, the CARICOM Secretariat notes thahtBe3 Aappyofch to sustainable energy
developmenthasgenerallylackedcohesiveness, witbtomemember states establishirgnergy policies
and targets on an individual basis, often in skgighted response to volatile oil prices. As a result,
despite abundant renewable resources and relatively widespread recognition among both policymakers
and the general public of the impa@mce ofembracingsustainable energyenewable energy
deploymentremains relatively marginal throughout the region.

To facilitate development of a common strategy andencourage greater commitment from national
governments CARICOM agreén 2009to dewelop and implemena regional Sustainable Energy
Roadmagdocused onmprovingenergy efficiencynd increasingise ofrenewable energyPhase 1 of

the Caribbean Sustainable Energy RoadaragStrategy (ESERMS 1) is meant to serve as a key planning
tool for setting and communicating priorities and policy goals, and for identifying strategies to overcome
the varioustechnical and noftechnical barrierghat continue tolimit deployment ofrenewable energy
andenergy efficiencyechnologies in the region.
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Phase 1 of GERMS is also intendedrexommendpreliminary sustainable energgrgets forthe
regionbased on an initial assessment of renewable resource potentials, existing energy policy
frameworks, and international best praces. Settingppropriatdy ambitious target establishes a long
term vision for future development, serving tanscend changes in leadershiile committing alll
necessary actors and stakeholders to a common path. Beyond setting a clear vision for sustainable
development, targes provide investors with the signals of lotegm stability they need to commit the
financing required for project implementation.

On a global scal@ationaltargets forrenewable energgapacity and shares are being adopted at an
increasing rate. As @012 at least 118 countries worldwide Haenewabletargets, more than half of
whichwere developing countrie§ Regional organizations have begun to set similar targets for
cooperationamongtheir member statesn the renewablessector. Although the pace ofegional target
adoption remains slow compared to the impressive uptake seen at the national level, intergovernmental
organizations such as the European Union (EU) and the Economic Community of West African States
(ECOWAS) have taken tiead in pioneering this regional approa¢BeeSections.1.)

/1 wL/ haQa RS Segiwaliadgdiskeprgsenisa signfidant milestone for the organization
and the region as a whal@lacingt within a select group of leading organizatighat are setting the
groundwork for comprehensive regional energy plannidiimately, these targets, designed with
assistance from the Worldwatch Institute and input from member states, and supported by targeted
policy measures and governance structuresl, séhve as an important strategic planning mechanism to
achieve overarching regional goals. The initiative will help to make CARICOM a global leader in
sustainable development, as well asexampleof successful policy implementation and regional
commitment and cooperation.

1.3 Methodology and Structure of Report

GSERMS | builds on existing regional effortexaminingorevious analyses aralailable data and

working with the CARICOM Secretariat and its member states to push forward a new vision for the

NBEIA2Y QA FdzidzNBE SySNHe I yRaOlILIS® ¢-mi2010KF asS 27F 0
mediumterm (2022) and longterm (2027) targets forenewable energpenetration,energy efficiency
improvements and C@emissions reductions.

Milestonel of this project, which was submitted to thd1stSpecial Meeting of the Council for Trade and
Economic Development (COTED) (Energy) in Triaidddobago on Februa38,2013,providedan

initial overview of the current energy situation in CARICOM member states. ThiBdiseline and
Assessment repotiuilds on that analysiandon regional and international best practicaspresent a
strategicoverview ofhow CARICOM cantinueto advane the GSERMS project and its objectives.

Based on available data)e report surveyskey aspects othe NS 3 AcBryéménergy situation

including overall energy inputs and outputs, electricity, transportation, adge@issionslt identifies
significantdata gapswithin each of these categorieg.he reportsubsequentlydetails theNBS 3 A 2 y Q &
potential for both renewable energyand energy efficiencyandreviewsthe socioeconomic impacts of
renewabledo better inform policymakers of their true valyparticularly in the longerm. The report

then proposesa set ofrenewable energyenergy efficiencyand emissions reductiotargetsand

identifies criticalgaps that must be fillg:
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Finally the report recommendsa series of priority projects, policies and initiativébat should be

undertaken by CARICOM and its member states to achieve these goals.

2

Current Regional Energy Situation

AlthoughCARICONMember statessharemanycommon challengeassociated with their energy
systemsthey also face their own unique conditions and opportuniti®esigning an effective energy

a0NF GS3e NBIljdzA NBa |
throughout the region.
2.1\, Energy Inputs and Outputs

2:1.1 Energy Source Matrix

RS G A &itGakton deelSaNtgentral pateyhd

In general, CARICO&Eember statesexhibit heavy and in many casesearly exclusive reliance on
fossil fuelgo fulfill their energy needsmainly distillates (diesel) and fugl. In most cases, therely on
these sources because of the low capital costs and ease of modularity associatéfkewitise? Yet

there are several important exceptions to this
other CARICONMhember statesobtains approxi

general pattéfaiti, for examplein contrast to most
mately half of its primary energy from traditional
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biomass, particularly charco#lin addition to being an emissiostensive energy source, widespread
OKIF NO2Ff O2yadzyLliAzy O2yidNXo6dzBSa 30 A1 KIS ORMYE NBEDAS M
to severe weather events and limiting opportunities for agricultural development.

Although somanember statehave recently asserted their continued interest in coatuitrently plays

' YAYAYLFf NERft S llenérgyib&shcéNBciar poy€l daparity Baslhot been developed

by any CARICOM member and is unlikely to factor intaegipnalenergy outlookconsidering that

y dzO t &pitAlEpats remain exorbitant and the perceivisks topotential investors has been

' dZAYSYGSR o0& (GKS NBIA2YyQa ANRgAYy3I Qdzf ySNIoAfAGE

Despite generally widespread reliance on petroleum for power generatitime region notable
exceptions exist. Trinidaahd Tobago generates nearly all & power with natural gas, and remains
/ ! wL / primaroducer andsoleexporterof that resource' Althoughthe regionaluse of
renewable energys comparativelyminor, hydropower producea significant share of electricity
Belize, Haitiand Surinene. Belize also relies extensively omdern biomassandJamaica hataken the
regionallead in develomgwind power. Gther countries such as Guyana, have turnedsmar.

Renewable technologies abeginning to have an impact outside the power sector as well. With strong
government backing, Barbados has becongtoballeader in the deployment cfolar water heaters,

with some50,000now installed nationwide? Important synergies between the agricuttl sector,

which accounts foa significant share gsDP irsomeCARICONember statesand the energy sector

are being developd through the use of agricultural waste in bagasse systdins.evolvingenewable
energysectorisdiscussed in greater detan Chapter 3.

2.1.2 Quantities Produced and Consumed

In the majority of CARICOM member statagemgy consumption continues to outweigiimaryenergy
production (See Figur8.) In consequence, ost CARICONhembersexhibita heavy reliance on fuel
imports to meet energy needs. Overall, the region has sgrénaryenergyproducingstates including
the four oilproducing nations of Barbados, Belize, Suriname, and Trimidddobago Even in these
countries however production is often insufficient toneet domestic demandandonly Surinameand
Trinidad and Tobago are nptoduces by volume™ Due to thehighoverall volumeof oil produced and
consumedn Trinidadand Tobaggthe country remains a regional outlier.
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Figure3. Primary Energy Productioand Consumptionin CARICOM Member States, 2010

Given that energy productiorepresentsii KS O2 N}y SNER G2y S 27T

¢NXYARFR

for some44 percent of nominal GDP and 58 percent of government revenue in 2010, the country

produces enggy at levels far abwve those seen in other CARICGidtes, accounting for roughly 96

percent ofregionalprimary energy produion in 2010 It also consumes much more than the other
member states, accounting for 75 percent of all primary energy consumtéch the region that year.
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Figure4. Primary Energy Production and Consumption in Trinidad and Tobago, @1
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Despite the fact that most member states remain dependent on imported energy sources to meet their
domestic needs, the large imbalance in primary energy production and consumption within Trinidad and
Tobagaresults ina different picture at the regional @St ® . SOl dzaS 2F G KI G O2dzy i NE
export industry, CARICOM as a whole produces more energy than it consumes. (Seg Figure
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Figure5. Primary Energy Production and Consumptionthe CARICOM Regip2001;10
2.1.3 Petroleum Imports and_Exports

Petroleumimports

Most CARICONhember stategsemain heavily dependent on imported fossil fudter several
members particularly the larger energy consumers, tiilebaleconomic recession triggered a general
downward trend in petroleum importduring the years leading up to 2011. Only a few countries
(JamaicaSurinameand Trinidadand Tobago) currently have the refining capacityptocesscrude oil,
with Trinidadand Tobago importing and processing significantly more than either of the other two.
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Sidebar 1 The Impact ofPetrocaribeon the CARICONRegion

ThePetrocaribe S.Aagreement has been an important factor in energy pdlfopughoutthe regionsince its
inception in 200512 of the 15 CARICOMember stategwith the exception of Barbados, Montserrat, and
Trinidad and Tobago) are parties to tAgreement. By limiting upfront payment requirements and providing
preferential longterm financing fowil imports'from Venezuela (see Talg Petrocaribehas made oil more
accesdile at a time when many CARIC@Mtesotherwise would have struggled to meet their energy needs.

While important at a time of rising-oil prices and considered highly beakfigimany participating countries,

t SGNRPOINAO6SQa 20SNI NOKAY3I AYLI OO 2y 020K GKS NB
agreement has had mixed impacts on energy secuagyit reducedintra-regional trade while leaving many
countries highly dependent-on Venezuelan oil impatsl vulnerable to terms that can change on fairly short
notice. It has also contributed to the high delt-GDP ratios of many Caribbean nations. The agreement also
be seen as a significant disincentive iforestments in domestic renewable energy, as the preferential financi
for oil stands in stark contrast to the poor financing terms often available for rehkvpaojects.

Table2. PetrocaribeFinancing Terms

Oil Price ShareFnanced Interest FinancingPeriod
(U.S. dollars/barrel) ThroughLoans (%) Rate (%) (years)*
>15 5 2 15
>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
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* An additional tweyear 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, an
deah of President Hugo Chavez haside the future oPetrocaribeunclear. The agreement castenezuela an
estimatedUSDb billion in forfeitel revenueannually®With it K § O 2 piadutiv@nénédecliningmanyhave
speculatel that Petrocaribewill not survive long into the future. For thoseuntriescurrently dependent on the

diversified domestic energy supply.

agreement, this would pose a major challenge, further underscoring the importance of developing a reliabl

AllCARICOMhembe statesimport refined petroleum

NEFt SOGAYS

0KS NBX3IA2YQa

products, mainly residual and distillate fuel oils,
g A RS alGudsT.)RhededaBely2 T RAS& ST

significant amounts of imported motor gasoline reflect the importantthe transportation sector,
discussed in greater detail in Sectids3.
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Figure8. RefinedPetroleum Imports in CARICOM Member States, by Fuel Type, 2010

PetroleumExports

Although in general th€ ARICONMegion is heavily importiependent,sixcountries have exported
either crude or refinegpetroleum since 2000fhe Bahama®arbadosBelize, Jamai¢&uriname, and
Trinidadand Tobago, which exports far more than the othgSeeFigure9.)

Belize and Jamaica, however, last exported in 2000 and 2008 respedtidedgtingregional shifts in

the import/export balanceOf these sixountries only four (Barbados, Belize, Suriname, and Trinidad
and Tobago)were exporters of mide, with Barbados exporting crude oil to Trinidad and Tobago for
refining In 2010, the majority of refined petroleum exports were residual fuel (BlseFigures 10 and
11.)
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2.1.4 Natural Gas

5SALIAGS 2Af QraturdlhEs &sp Mays/alrofeSenergy production and consomywithin

CARICOM. Trinidaohd Tobagatransitioned its hydrocarbon sector from oil to primarily natural gas in

theearly 19908 6& HnamMmMI (GKS O2dzyi NE Qa \eighitdadshigherdhard 2 dzi LJdzi
that of 0il?° The gas produced in Trinidand Tobago is usefbr a variety of purposesncluding

electricity generation (§erceni, petrochemical manufacturing (38rcenf andliquefiednatural gas
(LNG)production (57percen).” (See Figure2l) In 2011, Trinida@nd¢ 2 6 | 32 & asixthKS 62 NI R ¢
largest LNG exporterepresentingabout6 percentof the global export markef This LNG is exported

outside CARICOMowever, sincenember statesurrentlydo not have the capacity to impoand

utilizeit.
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Figure 2. Natural Gas Use in Trinidaahd Tobago,by.Sector, 2011

In the Caribbean region as a whole, only the Dominican Republic and Puerto Rico had operational LNG
regasification terminals as of yeand 2011. The current scale of LNG shipping infrastructure, coupled
with certain economic challenges, hss farprovenprohibitive formostsmaltisland states in
developing LNG import infrastructure. Trinidad and Tobago therefore exports significant quantities of
natural gas to major consumers in other parts of the world, including Argentina, South Korea, Spain, and
the United StatesNevertheless, some member states continue to consider the option of¢LNG
particularly in light of advances in infrastructure technology.

Outside of Trinidad and Tobago, Barbados has developed an extensive domestic natural gas network
connecting 16,575 residential and 640 commercial custoni@damaica is considering natural gas for

the planned expansion of its generation system, with 360 megawatts (MW) of naturfiterhs
combinedcycle capacity scheduled to come online by 2014. In tiss,ampressed natural gas (CNG)

is being used because it avoids the disadvantages discussed above, allowing for delivery of modest
volumes of gas over relatively short distances, and foregoing the need for regasifféation.

2.1.5 Energy Consumption by Sector

Preliminary analysis of energy consumption by sector highlights the @ee@nomic makeupf
CARICOM member statess well as majagaps in the data available to the research¢8eeFigure B.)
Transportationaccounts for a significant share otabconsumption in all states for which dadee
available indicating the critical role thahis sectorneeds toplay in any effective regional energy
strategy.Transportationaccounts for particularly large shares of overall energy consumption in
Barbaas (48 percen), Belize50 percen)), Grenadg 73 perceni and Jamaic&2 perceny.
Transportation will be discussed in greater detaibaction2.3.
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Figue 13. Energy Consumption in CARICOM Memb

Energy production, manufacturing, and extractive industries acc
consumption in Guyana, Suriname, and Trinidad Tobago, which

er StabgsSector, 2010

ount for a majority of energy
is reflected in the high energy

intensities of those countrieDespite its emphasis on reducing emissions, a Sustainable Energy
Roadmapand Strategy for the region must take into account the economic importance of such energy
intense industries for individual member states, as well as ferégion as a whole. In Suriname, for

SEI YLX ST (G(KS o6l dZEAGSKLE £ dzYA Y |

AYRdzZAGNE NBLINBaSydila

for 15 percent of GDP and 70 percent of export earnings in 2008.

More climatecompatible industry alternatives do &xi however. The potential for egourism in

{d2NAY I YS A& AAIYAFAOIYyGZ

GAGK ySI NIe&

MH LISNDSYy i

national parks® Achieving regional targets foenewable energyenergy efficiencyand emissions

reductions will require thorough and innovative analysis of ways

in which major enmgeygse

industries can be integrated into a Sustainable Energy Roadmap, likely through a combinatierggf
efficiencyimprovements, cegeneration oppatunities, and development of climateompatible industry

alternatives.

In general, he tourism sector has enormous economic importance throughout CARICOM, as well as high
levels of energy consumption. Before Hurricane Omar struck the region in Octdifr&6ingle resort

on Nevis the Four Seasons hoeRS Yl YRSR y S| NI

w

@ on LISNOSyild 2F GKS

capacity, highlighting the crucial role the sector must play in a regional energy stfaMdggy resorts

and tourism operators in the regionealready engaged in efforts

to boastergy efficiencyand reduce

environmental impacts. These are discussed in more det&iéation 34.

2.1.6 New Developments and Ongoing Exploration

Over the coming yearthe potential forseverakey energydevebpments standto dramatically change

the Caribbean energy sector.
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Increased deployment of mainstream renewable energy technologies and efferigney The region is
payingincreased attention tanainstreamrenewable energgources andseveralprojects already in the
pipelinecouldK I @S RNJI YI GA O A YLI O alnteefbt inlftekipoloyiBshaldliyicda Sy SNA
biomass, hydro, solar, and wind, is growing in the region, offering new opportunities for power

generation, heating, cooling, and transpation. Existing projects and potential will be discussed in later

sections of the report.

Geothermal Energy DevelopnmieWhile geothermal energy has beestow to develop irCARICOMt

offers tremendougpportunitiesfor member stateghat possess the resourcas well as for the region

as a whole, which stands to benefit from opportunities for interconnection and tratle high
investmentrisks, long leadime, and significant expense of geothermal exploration have hampered the
sectdNDa RS @St 2LIVYSy G A ybutiéaKasSdful oheMdinidiaiiv@dinglicaté atzeveral: NJ
CARICONMhember statesnay be close to overcoming these challendgegloratorydrilling has taken

place in Dominica, and is now taking place in MontseMamber states includint. Lucia, St. Vincent
and the Grenadines, and Grenada are conducting preliminary investigationsasedliscussed the
possibility ofexploratory drilling in the near future. These developments will be discussed in detail in
Chapter3.

Regional Electricity Connectidrhe potential for regional electricity interconnection has been widely
RA&40dzaaSRY FyR aildlyRa (G2 RNIYIFGAOIftE OKFy3aS GKS
opportunities for trade, more costffective suppy options, and increaseichpetus for development of

renewable resources like geothermal and lasgale hydropower.

Increased Use of Distributed Renewal¥ehnologie Although most CARICOM member states have
high rates of electricity access, several mies continue to face significant grin the case of Hait
severe access challenges (See Se@idr2) The increased use of distributed renewable technologies
offers opportunities to expand electricity in remote and underserviced areas in a moreftestive
manner.

Eventual Use of Nascent Renewable Energy TechnolNgmssentrenewable energgolutions are being
exploredaswellAy t A3KG 2F GKS /I NRO6O6SIYyQa dzyAljdzS 352 3INI LI
considered as a potential solution to largeale air conditioning needs. Although initial resource

mapping has shown that the region hasveaker tidal and wave resource than other parts of the world,

enough potential may exist to serve the electricity needs of hotel resorts, thereby reducing the overall

strain on national gridg-urther research and development in this aie@eededefore these

technologies can be widely deployed

Offshore Oil ProductioiVhile the focus on renewable energy technologies has increased in recent

years, regional interesh offshore oil exploration haalso growrrecently, triggered by hopes of easing

demand for imported oil and diversifying economies. In addition to Trinidad and Tobago, which already

has many offshore oil facilities, several other CARICOM member states are exploring the option. The
FKEYEFa A& Odz2NNBy (f @ R NA&ffshork ratory ghd develomnbidt dtiRa&@dlyOSy G
will depend on the results of the exploration process and a voter referendum. Barbados, Guyana,

Jamaica, and Suriname also are engaged in exploratory drilling. A similar offshore drilling program in
BelizehaNhB OSy it & 06SSy KI t (S ReIfofshore Silidilihgyaids signdidaii® YS / 2 dzN
IANRdzyR AYy GKS /FNARO6GOSFYZT AlG ¢gAftf KI@S fFNBS NIYAT
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2.2 Electricity Sector

2.2.1 Overview

Although the major kallenges facing thEARICOMIBE 3 A 2y Q& St SOU NX Qauitd, a SOG 2 NJ

mostregionalpower systems sharseveraldefining characteristics.HE vast majority omember states
rely on a single utility with monopoly control over the transmission and distribution edrih

electricity. Certain multisland nations includinghe Bthamas and St. Kitts and Nekisve separate

utilities with exclusive right operate on specificislands. In manybut not all casesenergy regulatos,
either under the authority of the government aperating as independent entities, monitor the utilities.

In some member statesndependentpower producers (IPPs) are in operation, while in others they ar
prohibited by law. Since most CARIC@kImber statesre 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 respectsmember states face unique challenges. Although electricity access is generally high
across the region, sorstatesface low quality of service and significant unmet demand, as well as
deteriorating equipment and high technical and n@chnical losses. Iseveralstates nonpayment for
electricity services makes electricity more expensive and hinders the profitability and sustainability of
utilities. Nonpaymentpresentsfurther challengeso utilities because itandiscourage investment in

new energy infratructure, making expansion, repaand development more difficultnappropriate

tariff levels and a lack of effective regulations in samamber statedimit both innovation and

efficiency?®

2.2.2 Electricity Access

In general, CARICON&EmMber statehaverelativelyhigh rates of electricity accedSeeFigurel4.)

Current research indicates sevstateswith universal or neauniversal access arid with access rates
of 90 percent or highelthough gaps in data collection exist for Montserrat. Significant exceptions to
this pattern includeBelize Guyana, Haitiand Surinamgwhichface challenges related to rural
electrification and/or energy poverty.
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Figure 4. Electricity Access ilCARICONWember States

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 posesignificant 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 several smaller isolatedgystems

serving the rest of the counti?.The Hinterlands region of Guyana is similarly disconnected from the
national grid. Both governments therefore face the challenge of extending power to citizens in remote
communities, and have taken measures tieess the issue.

In Suriname, the government has attempted to address rural electrification by providing daily

allowances of diesel fuel to isolated communities. The fuel, generally sufficient to provide power for

several hours a day, is transported bydk to remote villages. This method, however, has proven

expensive, prompting growing interest in distributed renewable power as a potential solution.

I OO2NRAY I G2 /w95t Q& wnndg NBLER2NIX GKS | gSNI IS 02
was approximately 62 U.S. cents per kilowatur (kWh), compared to the average national price of 7
OSyia LISN 12K LINRPYLIWiAYy3a GKS NBLRNI G2 OAGS al yS

Rural Electrification with special consideration@Sy (2 GKS dza$S 2F NBySsl ot S &

ax

A renewable approach textendingelectridty services to rural aredsas already proven effective in

Dd2 Iy~ ¢gKSNB (KS 02 dzy i NE QiastalledPy gySidnds bnyappioxinfagely | NJ t +
15,000 households, for a total of 2 MW of capacity. The use of siwelkt renewable systems could

provide electricity services to similar communities in othmmber stategincluding Surinamjeat a

much lower costAdditionalrenewable energyechnologies, such as small hygoaverand wind have

also been assessed and are planned for use in targeted rural areas in Guyana as part of the overall
Unserved Areas Electrification Programife.
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Energy Poverty in Haiti

In Haiti, whichdces the most dramatic energy access issudsaiCARICONMegion only 12.5 percent of

the population has official access to the grid. An additional 12.5 percent is connected illegally, bringing

the total electrification rate to only 25 percemlthoughthe majority of CARICOM member states

KIS KAIK NIaGSa 2F St SOGNAROAGE | O0Saasz GKS 0O2YLI N
F LILINRPEAYLFGSt& 2yfté KIEF 2F /!'wL/haQ&a G2GFf L} Lz |

Given the dilapidated state of I A grids@sEem eventhose who are officially connectaéceive only

about 15 hours of electricity service per f8y. LILINR EA Y (St & 1p LISNOSyd 2F | |
capacity is located in the greater P@u-Prince area, despite the fact that only about a quarter of the

codzy i NBE Q& LJ2 LJdzf° Batduse yitid disgdpartionate SoNdSrdration of power

infrastructure in the capitaklectrification rates irother areas are only about 5 percefit.

¢tKSaS ONRGAOIEt OKLIftSy3aSa Yredesgarilyiidr significanflyfrénQa LJ2 6 S N.
those of most other CARICOM statisstalled capacity must be increased dramatically and rapidly

simply to meet existing deman®.A Sy GKS 1 I AGAF Y dziA feledriitpsgrvidest YA G SR
and the fact that it already struggleto provide electricity tahe urban population of Porau-Prince, it is

unlikely thatthe utility will attempt to extend grid services to the remaining 75 percent of the

population in the near futuré® This makes distributed ameénewable energgourceshe most viable

option for providing energy services to rural communities.

Under President Jea@laude Martelly, the Haitian government has made rural electrificatian
renewabletechnologiesa major priority. In January 2012e declared an ambitious goal of electrifying

200,000 rural households over the course of two yéaii§ NP dzTBn nillikng, Banmlavi 6 a DA @S Y S
f AIKGXZ 3IAGS |, wWhkhis HageSpridarily mBise Mflsotar energyvhile the feasibility of

this initiative remains uncertain, it can at least be recognized as an acknowledgement by the Haitian
government that the future of its electricity sector, particularly in areatside Portau-Prince must

focus onrenewable energy

Given theelectrification and reliabilityissues in Haiti, Guyapand Suriname, seffeneration remains a
common way for firms and larger consumers to ensure that they have reliable electricity access. In
Guyana, a number of firms meet most or all of their energy needs threalfigeneration. In Haiti, the
unreliability of the existing grid system prompts even those consumers who arearitected to rely

(if they can afford iton seltgeneration, primarily with inefficient diesel generators. Tdffects not only
emissionsdvels and local pollution, but also tfieancialviability of the national utility. Increasingly,
however, organizations and private institutions are demonstrating the feasibility and affordability of
selfgeneration via renewable$See Sidebar 2.)

Sidelar2..Renewable SelBSY SNI G A2YyY [ QI Hadh Gt aANBol I Aa

In‘areas where the electricity grid is unreliable or inaccessible, consumers who can afford it often rely on s
generation to ensure adequate power supply. In the Caribbean, this has darallf been done mainly through
the use of privately owned diesel generators, an inefficient and often expensive source of power that contr,
to local pollution. Increasingly, however, consunteimscluding hotels, businesses, and private institutiorase
GdzNyAy3a (G2 NByYySglofSad Ly I FAGAYT (GKS ySgte 0O2ya
the degree to which selfjeneration from affordable, renewable electricity sources can have broad, positive
impacts.

Even beforethe disai NP dz& Hnamn SIENIKIdz- 1S 1FAGAQAa St SOGNR
in the Western hemisphere. In addition to damaging energy infrastructure and disrupting aliedihy
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electricity services, the quake ruined existing healthicéinkilled many skilled medical professionals and nursi
students, and severely damaged the General Hospital ind&eRrince.

HUM, a joint initiative of Bostebased Partnerin-Health and its Haitian partner organization Zanmi Lasante,
205,000squarefoot, solarpowered facility with more than 300 beds. Once fully operational, it will provide
primary care services to an estimated 185,000 people in Mirebalais and other nearby communities, with pg
from Central Haiti and Po#u-Prince abled access secondary and tertiary care. As the largest hospital in thé
countryt with six operating rooms, a neonatal intensive care unit, and the only public facility in Haiti with.a
scan machine HUM also will serve as a teaching hospital for the next g of Haitian nurses, medical
students, and physicians, serving to build mumgededhumancapacity.

w8y SstotS SySNHe Kla 08Sy i (KS O2NB 2F iKS K2
by the 1,800 solar panethat blanketits rooftop, which cumulativelyotal 400 kW of capacityzover 100 percent
2T (KS K2alLhAdalrftQa St SOGNROAGE ySSRa RdzNAy 3 LISH |
grid. The hospital is currently in the process of negotiatingténens 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 en
selfgeneration into the grid, potentially serving as a pilot project for replication éigeein the country and the
region.

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

2.2.3 Status of Generation, Transmission , and-Distribution Systems

Installed Capacity

The range of current installed capacities varies significantimdéamber state Because of thie diversity
in size anceconomicdevelopment,nstalled power capacity ranges from more than 2,000 MW
Trinidadand Tobagato less than 10 MVih Montserrat (See Table3.) Somanember statessuch as
Guyana and Hajtmust increase their capacitisggnificantlyto meet existing demandn bothof these
countries, current power sector infrastructure imable to meet basic needs, wigéxisting grig@ failing to
reach large segments of the populatidn.the region as a whole, energy systemsaften hindered by
widespread disrepair and inefficienciés.many cases, actuedtes ofgenerationand consumption are
far below installed capacitgs a result ofging fossil fuel plantsnd the additional strain that technical
and nontechnical losses put on power systems

Table3. Installed Power Capacity and Share of RenewalifeGARICONVWiember States

Installed Capacity Installed Renewable Power Installed Renewable
Country (MW) Capacity (MW) Power Capacity (%)
Antigua and Barbuda 113 0.05 0.0
The Bahamas 51/ 0.0 0.0
Barbados 240 1.4 0.6
Belize 136 80.4 59.1
Dominica 24 4.8 0.2
Grenada 53 0.38 0.7
Guyana 435 54.2 12.5
Haiti 261 54.0 20.7
Jamaica 925 64.7 8.0
Montserrat 2 0.0 0.0
St. Kitts and Nevis 63 2.2 19.4
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St. Lucia 86 0.07 0.0
St. Vincent and the Grenadines 60 5.6 9.3
Suriname 410 189 46.1
Trinidad and Tobago 2416.7 0.0 0.0
CARICOM Total 5,800.7 456.8 7.9
© Worldwatch

Note: Data reflectthe most updated information available for each member state at the time of publicatipicompiledfrom a variety of
sources including national utilities, country representatives, and secondary sources.

Although installed capacity throughout CARICOM remains predominantly fossibfsed, renewable
technologies (both gridied and oftgrid) arealreadybeing wsed in the region(See Tabld.) A small
share of this iglistributed and selpenerationviasolar PV and wind. In Guyana, PV is used for rural
electrification.And n Haiti, there is momentum behind increased use of PV, biopaasswasteto-
energy technologiesnanyof whichareimplemented by local entrepreneurs and ofterith the backing
and syport of nongovernmental and international agencies.

In the CARICOM region, as elsewhere in the watdelhydropower comprises the majority of installed
renewable capacity for power generatiofiithough hydropower offers a cosfficient, lowcarbon
alternative to fossil fuels for certain CARIC@mber statesit often has significant environmental and
socioeconomic impacts, which must be considered in any integrated energy planning. The potential
implications of both largeand smalscale hydraare discussed in greater detail Bection 3.1.3.

Althoughgeothermalexploration isongoing, no projects haveeenfully developed to take advantage of
thistremendous potential observed in the regidBeothermal developments could drastically change
the CARICOM power miaver the mediumto longterm; but no capacity exists at this poirverall, the
rate of alditions in renewable capdty has been relatively slow, althougivariety of proposed projects
in the pipeling if completed, would dramatically alter installed capacity figures in the region.

Table4. Renewable Electricity Installed CapacityCARICONWember States

Hydro Wind Geothermal Solar Biorgztar?:rand (Tl\?l\tlsl)
Antigua and Barbuda None Smn?ilcl:(rzgf)vaﬂéy i None 50 kW None 0.05
The Bahamas None None None Unknown None 0.0
Barbados None None None 1.4 MW None 1.4
Belize 53.2 MW None None Unknown 27.2 MW 80.4
Dominica 4.76 MW None None None None 438
Grenada None 80 kw None 303 kW None 0.38
Guyana None 20 kW None 204 kW 54 MW 54.2
Haiti 54 MW None None <1 MW None 54.0
Jamaica 23 MW 41.7 MW None ~1 MW None 64.7
Montserrat None None None None None 0.0
St. Kitts and Nevis None 2.2 MW None None None 12.2
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St. Lucia None None None 65.2 kW None 0.065

St. Vlnc_ent and the 5.6 MW None None None None 5.6

Grenadines

Suriname 189 MW None None None None 189

Trinidad and Tobago None 2'.012'4 .kW None 275 kW None 0
micro-wind

CARICOMTotal (MW) 329.6 44 0 2.0 81.2 466.8

© Worldwatch
Note: 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 sourceé/hile small solar projectsare known to exist in The
Bahamas and Belize the total capacity is unknown at this time.

T&D Losses

Althoughsignificantdata gapgrevent fullaccounting for electricity losses across the regiarthb
technical and nofiechnical losses present critical challengemany CARICONhember statesThe
scale of thechallengevaries widely bynember statewith countries such as Haiti and Guyana facing
extremely high losseand Barbadosexperiencingninimal losses in the sectd? (See Figure8l)

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 technical losses, includingose due toelectridty

theft and unbilled customers, also plague the sector in some member states. The resulting financial
strain on utilities often impedes necessary improvements and infrastructural development, leading to
even lower quality services. In Haiti, for examphés can result in increasing social acceptance of theft,
triggering a vicious cycle that impairs electricity services countrywide.
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Figure b. Estmated Technical and NofTechnicaElectricity Lossesn CARICOM Member State2012

Electricity Costs

In general, Caribbean electricity prices rank among the highest in the viamglybecause ohigh
operating costs linked tdsingfuel pricesjnefficient T&Dnetworks,and the inability to benefit from
economies of scale given the small market sizedividual island states. Geograph&moteness, steep
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topography, and other charaatistics typical of small island stat&sther increase cost8: Even so,
electricitytariffs vary widely throughouthe CARICOINVEegion.

Due to the wideranging differees inexisting installeatapacity the diversity of generation sources,
and other factorselectricity tariffs charged toaesidential consumers in CARIC®Gtsltes rangdrom as
low as 4.9J.S.cents per kWh tgust over38 centsper kWh* (See Figure@l)
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Note: Tariffs are for CARILEC members consuming <100 kWh/mo. Data for Montserrat and Suriname are for 2009.

Figure B. Residential Electricity Tariffs of CARILEC Members, 2009/2010

2.2.4 Projected Forecast of Electricity Consumption

In 2012, the CARICOM region generatadsatimated20,993 GWh of electricity ammbnsumed an
estimated18,037 GWH? There is @yrowing reed to invest irpowerinfrastructureacross the regioin
orderto meet existing and futurelectricitydemand. This offers thehance tosystematically deploy
complementaryrenewable energyechnologiescapable of mitigatinghe challengeposedby certain

intermittent renewables when deployed on their owkany 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 &kico, need to develop additional capacity if they want to
achieve domestic energy autonorffy.

Generation ‘and consumption figurase expected to increasdramaticallyover the coming yeargnless
the region takes measurde reduce overalklectricity useNetelectricity generation and consumption
are projected to reach 37,114 GWh and 32,812 GW/RB027 an increase of 76 8ercentand 81.9
percent respectively over 2012(See Figure7l) This highlighsthe need forwidespread adoption of
energy effietncyand demand managememieasures to curb growth in the sector.
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Figure . Electricity Generation and Consumption in the CARICOM Region,
2012 and Projections for 2017, 2022, and-2027

At the statelevel electricity generation is expected to more than doubie2027in four CARICOM
member stategGrenada, Guyana, Haiti, and Bincentandthe Grenadinef while consimption is
projected to doubldn five (thesefour plus Jamaical-uture growth will contine to showlarge diversity
in the levels ohational electricity generation and consumptiq®ee Figuredl)
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Figure B. Net.Reak Demand Load Forecast in CARICOM Member Sta2@e3;27

In the absence of mechanisms designed to increase efficiency, this will necessitate significant expansion
of generation capacity in all 15 CARICOM member states. (See Fdgure
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Figure 19EXxisting Capacity and Projected Capacity Needs in 2027 (busasssual scenario not
including future energy efficiency and conservation policies and measures)

2.2.5 Gap Analysis

Amoryg all issue areas addressiedhis initial phase of SERMS, the electricity sector is supported by
the most widely available and véable data.Sgnificantgapsremain, however, thamust be filledin
orderto move thispriority sector forward on the pathway envisioned by CARICOidse prioritygaps
include:

1. Detailed analysis of electricity eneusers:A thorough analysis of electricity end users will be critical
in making the most efficient usef power generation. Often these data amet calculated, or not
reported, making fully integrated planning difficult. A more detailed assessment will allow for
energy efficiencyneasures targeting priority sectors for reducing electricity consumpgtdre
implemented Havinga better understanding of consumer behavior \wiky a role irdeveloping
andtargeting educatioal programs designed to reduce electjatonsumption.

2. Assessment of grid functionality and storage potentiaks detailecabove updated grid and
storage capacity will be increasingly necessary as utilities look to incorporate greater levels of
renewable generation into their systems. Thegmlates are often far less attractive to investors
than investnents in new generation capacity; nevertheless, thp&y just as central a role in the
development ofrenewable energypased electricity networks. To dateformation islackingto
truly asses 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 T&D networks
are developed in concurrence with the deployment of new power generation.

3. Detailed data on power plants currently in operatiomAlthough regional utilities provide significant
information, readily available data on the current status and operation of existing power plants is
often lacking or contradictory.
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4. Updated power sectorcapacityplans:Reportingon newy addedgeneration capacity withia
countryoften lags behind theapacityaddition itself.Athoughmember stateshave identified
numerousnew plans and strategies for future developmeirtshe power sectorit is oftendifficult
to assess the rolthese playin national planningWith regardto both new and planned capacity,
available information is often out of dafand existing plans maye postponed or canceled
altogether without public notification, posing challege for future energy planning and policy
development.

2.3 Transportation Sector

Transportation isone of theg 2 NJfoRr(aggest energy endse sectors, accounting fabout a fifth of
globalenergy use in 2008 Although energyisefor transportaton within CARICOM variesdely by

member statein most casefts shareof total consumptiorsignificantly exceedde global average.

(See Figur@0.) In Grenada, for example, transportation accounted for more than 70 percent of total
energyusein 2010A f f dzZA G N> G Ay 3 GKS aSOd2 Nixdingshdt SiyBffecivie Y A y 3
regional approach to energy reformill need toaddresdransportation.Within CARICOM,

transportationg despite its importance currently represents thenergy sector fowhich the least
information is available.

OLADE Statsdos, 2011
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Figure20. Transportation's Share dfotal Energy Consumption in CARICOM Mem§ttes 2010

CNFYALRNIFGAZ2Y Q&
andthe general lack of available date its status In addition to substantial fugequirements and

significant greenhouse emissions, thector can have negative effects on local pollution, noise,
congestion, healthand safetyf it is not well designed andegulated?® These impact&fluencethe
overallcostsof goods and servicas theregonay R KI @S 0SSy NBEO23ayAl SR | a
AYLRNIFyYyG oF NNASNWwae O zhighitighihdtie Bnpdvishee bfshiftidght) mdrec | f
efficient transpatation systems'’ Although additional data are needed to fully understand and address
these challenges within CARICOM, regional and international best practices can provide guidance for
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road, aviation, and maritime sufectors.

2.3.1 Best Practices in Road Transportation

CARICOM member states could consalgariety of policy, planning, and technology options and
international best practice to reducefossil fuel use and related greenhouse gas emissions in the
transportation sectorGCountries across the regiosreadyhave implemented or are consideripglicies
to promote biodiesel and ethanol blersdas well aguel share mandates, tax incentives, anel
efficiency standardgSee Sectiod.2.3. and Table 2.) Inthe near term, howeverthe most economical
option for reducing fossil fuel use in transportatisnimproving vehicle fuel econorf§(SeeTable5.)

Table5. Potential Average Fuel Economyrfilew Vehicles20052030

2005 2010 2020 2030 Reduction by
2030
Liters of gasoline equivalentLl00 km
Passenger LDVs 8.1 7.6 54 4.1 49.4%
Light/medium trucks 13.7 13.4 10.7 9.5 30.7%
Heavy trucks and buses 39.1 35.9 31.8 27.1 30.7%
Two -wheelers 2.8 2.9 2.6 2.3 17.9%

Source: See Endnoté8.

Worldwide, there is tremendougotential toreduce fuel use drasticallyy engineering more fuel
efficient vehiclesand many gvernments havenandatedfuel economy standards for new vehiclés.
the United States,lie Corporate Average Fuel Econo@®AFEStandarchow requiresthat domestic
auto producers achievan average fuel economy 6#.5 nilesper gallonfor their fleet of cars and light
duty trucks by 2025. Thaolicy is expected to reduce aibnsumption by 12 billion barreéd to save
consumers some7 trillionin fuel costs”® Although this kind oproductionbasedstandard could not
be implemented within CARICQdMe to a lack of vehicle productipgovernmentscould implement
policiesthat mandae or createincentives forimports of fuel-efficient vehicles

The promotion of hybrid and electric vehiclespable of reducing fuel consumption by 47 percent and
73 percentrespectivelycould greatly benefit th€ARICOMegion® Hectricvehicles are significantly

more energy efficient than their internal combustion engine counterparts, converting approximately 60
percent of grid power to energy at the wheels. By contrast, traditional gaspbmesred vehiclesnake

use of onlysome20 perent or less of the energy in gasoline for power at the whédlsregional

electricity systems were powered sustainably, electric vehicles could produce significant benefits.

Hectric vehicls alsocan provide ancillary benefits when integrated wiéimewable energyand smart
grid developmentIn addition toreducinglocal pollution andyreenhouse gaemissions when charged
by renewable power sourcethese vehiclegan play a critical role in providing stability to electricity
gridsthat use greater shags of intermittent renewable sourceslegtric vehicle can be charged at
times of low demand and high production, further limiting stress on the power grid, reducing
greenhouse gasmissions, and allowing consumers to benefit from charging at periods alketricity
tariffs are low>” Hectric vehicls may also be able teerve as energy storage aptbvide some backup
power to homeowners in case of power cuts, which are common in many Caribbean coduritges.
viability of this approach within individuaA&ICOM member states, however, would require a
significantly more detailed analysis to determine how charging naégswith country-specific load
profiles.
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Althoughtheir limited range remains a major criticism efectric vehicls globallythe small size of most
CARICONMember statess well suited to the current distance limitations of batteries usethese
vehiclestoday. Even within the United States, the average driver travels only 37 miles (59.5 kilometers)
per day, well within the auent 1005200 mile (16@320 klometer) range oklectric vehicle

technologies? Although the average costs efectric vehicls remain high, they have been dropping
steadily while at the same time the vehicles have become more reliable as a result abtegkcal
advancementsA transitionto electric vehiclewould require extensive investments in infrastructure,
although the many associated benefits could significantly outweigh the initial ¢oatsuld also likely
require implementation of mechanisnssich as subsidies or rebates designed to ensure that, given the
comparative expense oiese vehicle, mandates or incentives do not marginalize loweome
consumers.

Liquid biofuels are aother option for limiting fossil fuelisein the transportationsector.Blendsof
ethanol and biodiesel with fossil fuelgicallyproduce a cleaneburning fuel than burning gasoline or
diesel alone. For sele@ARICONhember statesnamely the mainlandountries ofBelize, Guyana, and
Surinameas well as Jamaica, domestic production and use of biofoelds be a useful substitute for
fossil fuelsGiven the significant landse requirements, howevebjofuel production isgenerally not
seen as an appropriate solutiam smaller island state3he avelopment of a regional market for liquid
fuels based on production in more advantageous environments within CARI@®Mver could

benefit the regionMoreover, he environmental impactsind the food vs. fuel conflict associated with
the use otiofuels in the transportation sector lva come under increasing criticisworldwide,
includingin the United States and European Union. Even in areas where these technologies are deemed
potentially viable seriouschallenges must be addressé®ee Sectio8.1.1)

Beyond fuel switching and fuel replacemelimiting the need for personal vehicle ugdl bean

AYLERNIGFYG FHOG2NI Ay RSONBlIaAy3a GKS Sy@aNRByYSydl

Congestiordue toheavyreliance on personal vehidandinadequate planning is both disruptive and
inefficient, and caninhibit economic activityVehicle use can be limited througteasuressuch as
increasing public transportation options and putting transportation planning at the core of urban
development plas. Several islandgorldwide have successfully introduced such measumedoyama,
Japan, for exampleates ofcar ownershipbovethe national averageromptedthe government to
improve public transportatiojresulting in a 12 percent shift from cars to public transportation,
decreasing air pollutiorandeasingtraffic congestiort?

2.3.2 Aviation and Maritime Transportation

Aviation and maritimeransportatiort both crucial to the Caribbeanuse significant@umes of fuel
and are large emitters afreenhouse gasgtogetheraccounting forsome5 percent of global
emissions”

For CARICOMember stateghat relyheavily on tourism, aviation is particularly important. To déte,
global community has implemenddew concrete poliesto make this critical sulsector more
sustainable, althougbest practice examplesxistfor increasngl @A | érfergyefliciencywhich

could inform decisionmadewithin CARICOM. As airports seek to add capacity and as nevaraibs
built, for examplejmproving thelayoutof terminals and runways can cut taxiing time for airplanes, an
approach that has reduceghnual C@emissions by 11,000 tons at the Zurich AirporBwitzerland

Simply updating air traffic control systems can reduce the carbon footprint of commercial travel by 12
percent. Furthermorebecauseairplanes burn fuel to cool the main cabin while waiting at the gate, fuel
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consumption can be cut significantly and localcuality improved substantially by incorporating fixed
ground power systems and ponditioned air at new gates. Finally, as Caribbean airlines seek to
expand their fleets, theganlook tothe example of the Philippines, which recently purchased arbatc
new, highlyefficient airplaneghat are 1%20 percent more fuel efficient thathe previous fleef®

Given the islandr coastal status of CARICOMmber statesmaritime transportation offers unique
challenge as welsopportunity for improvementThe shipping industrgeliesheavily on lowgrade
bunker fuels. Within CARICOMaritime transportation is important for the import and export of goods
as well as intefsland personal transportation and tourisinternationally, there have been efforte
establish efficiency standards for shipg vesselssuch as the Vessel Efficiency Incentive Scheme
promoted by the Japanese in collaboration witle World Shipping Councif.

Unfortunately, egulating the environmental impacts bbth aviation and mane transportrepresents a
major challenge given the general exemptmfithese suksectorsfrom normal tax regulations and the
difficulty involved in allocating impacts and responsibilities to any one couviayket-based
instruments,such acarbon priégng mechanisms or emissions trading schemgesld be valuable tools
in reducingrelatedemissions. The World Bank has suggested that a carbon $26qdfer ton could
raise aviation fuel prices lnestimated8 percent with only a@4 percent reductionri consumer
demand, therebyhelping toreduce emissions while limiting the negative economic impact to a
potentially manageable levéf.Thee is global support foncludingaviation emissions in emissions
trading schemes, namely the EU ED&erall, howeve implementation of any measures to curb the
environmental impad of either aviation or maritime shipping will likelgquirelarge-scale international
commitmentsthat arebeyond the scope of CARICOM alone.

2.3.3 Gap Identification

Although it ispossible to makegeneral observationabouttrends in/ ! w L / thaasfodtation sectoy

many critical information gaps must be filledbefore fully integrated planninganoccur. This is not

unique to CARICOM member statéhe Small Island Developing Sta8EDS) DOCK Initiativasnoted

that s G KSNB Aa y2 FOFATIFIotS AyT2NYI (stalslandBedelopidg A y 3
states|b’g Detailed informatioraboutvehicle and fuelisein the transport sector is often disorganized

or uncollected, makinganalysis angblanning 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 Ekglume of air transport associated with the

tourism industry.

1. Coordinated data collection and analysis of transportatidDesigning and implementing
effectivenational strategies to reduce energy use in the transportation sagilbrequire thata
more complete monitoring and evaluation of the current transportation sector be employed
region wide Large bodies of critical data are unavailable, includiedicle use and registration,
fuel use, and availability and use of public transportation.

2. Updatedsector plans and strategie§:he limited transportation sector data that is available,
including information regarding upcoming plans or national strategies for reform, are often out
dated, inhibiting research and integrated planning.
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2.4  Carbon Dioxide Emissions
2.4.1 Current Emissions Accounting

Although CARICOM accounts for onlyeay small share of global carbon dioxide emissidhg4 percent

in 2010) preliminary analysis @nergyrelated emissions indicatesignificant opportunities for

improvemrent. Trinidadand Tobago has by far the highest overall,@@issions from energy

consumption, and its emissions have increased significantly over the past decade, in marked contrast to

the other 14member states(See Figur@1.) This reflects not onlthe significance and size of that

O2dzy i NBE Q& F2aaAif FdzStf &aSOG2NE odzi Ff&az2 NBOSyid NI LI
Jamaica, has seéts emissions decline in recent yeah®wever,this is likely more a reflection of the
shutdown of theO2 dzy G NE Q& YAYAyYy3a aS0O0G2N AsgswelBshddeltadd (2 KA3
the global recessiqrthan of an improvement in energy efficiency or fossil fuel consumption patterns.
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Figure21. Carbon Dioxide Emissions from Energy Consumpiio6@ ARICOM Member States, 2@10

Emissions per capitre generally lowthroughout the regiorcompared to global figure&Jnsurprisingly,
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Trinidad and Tobago has the highpst capita emissions, followed by Montserrathere high per
capita figure reflectits complete dependence on temporary, inefficient diesel generators. (See Figure
22)
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Figure22. Per Capita Carbon Dioxide Emissidresm Energy Consumption
in CARICONVlember States 2010

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

percent of all C@emissions and half of dlumancaused greenhouse gamissions? In abusinessas

usuald OSy I NA2 o6l aSR 2y (KS Nioadvaoi préjectSthapawérseftdr ISy SNI
CQemissions within CARICOM member stat@sincrease significantly between 2012 and 2027,

reflecting capacity adtions and increased generatiofSee Figur@3.)
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Figure23. Projected Power Sector Emissionstire CARICOM RegioR017, 2022and 2027

2.4.3 Gap Analysis: Emissions

Giveni KS NX3IA2yQa ySItAIA06ES O2yiNROdziA2Y (2butaf 2061 €
significant data gapremain:

1. Updatedemissionsaccounting:Detailed emissions accounting is a necessary first step in any
strategy to reduce emissions throughout CARICAIhough member states participate in
emissions reporting through the UNFCCC process, many ofaffesal communications are
significantly outdated and no longer reflect the regional situatis policies and mechanisms
are enacted and implemented to reduce emissions across the region, a detailed monitoring and
evaluation system will further allow fgolicies to be assessed and updated based on observed
data, thereby maximizing their effectiveness.

2. Updated sector plans and strategie8vailable information regarding existing emissions
reductions strategies, often linked to UNFCCC communications|sw often outdated.

3. Sectoral emissions datahe limited data currently available generafiynot specific enougto
assess and reform energy use within particular sectors. Collection and coordination of emissions
in the major sectors (tramortation, power, tourism, manufacturing, etc.) wiklp guide
effective policymaking anthe targeting of appropriatekey sectors for emission reduction in
eachmember state.

3 Renewable Energy and Energy Efficiency Potential

3.1 Renewable Energy Potential s

Based on existing assessmentgery member of CARICOM exhibits significant potential for
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development offenewable energyesources, includingiomass, geothermahydropower, solar, and

wind.®* (See Tablé.)
Table6. Renewable Energy Potentials ZARICOM Member States
Hydro Wind Geothermal Solar Biomass/ Other
Antigua and Barbuda None 400 MWL None 27 MWL Unknown
The Bahamas None 229 MW1o None 58 MWB 1 MWB
Barbado s Unknown 40 MW None 39.7 MW 23.5 MWs
Belize 63,174,807
20 ’ ’
70 MW Unknown None MWhiyear3 Unknown
Dominica 17 MWB 30 MWB 1,390 MW\ 45 MWL Unknown
Grenada 500 kWs 20 MW\B 1100 MW2 21 MWL Unknown
Guyana 7,000 MW Unknown None 575,822,086 Unknown
MWh/year3
Haiti 102 MWA 10 MW4 None# 1,654 MW 5 MW (waste-to-
energy)y
Jamaica 33.4756.1 122 - 1313 MW5 Noned 650 - 1876 192 MW15;65
MW>5 MW5 Waste-to-
energyle
Montserrat Unknown Unknown 940 MW2 Unknown Unknown
St. Kitts and Nevis None 5 MWB 300z1,280 16 MWB 715-10 MW13
MW2
St. Lucia 150 kwpe 40 MWW 170976802 36 MW8 1.2 MWAS
MW2
St. Vincent and the 10 MWL2 8 MW!2 10092890 23 MW\8 0.915 - 4 MW/10
Grenadines MW?2
Suriname 1,700 MWL7 Unknown Unknown Unknown Unknown
Trinidad and Tobago Unknown 50 MW!8 Unknown 308 MW18 Unknown
. Unknownz1313 Unknownz Unknownz157
Regional Range 0z7,000 MW MW 071,390 MW 1,876 MW MW
Source:See Endnotes1. © Worldwatch

Numerous assessments examining the potential for various specific technologies have been conducted
throughout the years in several CARICOM stdibsse existing assessments, though often reliant on
different methodologies and levels of detail, providgemeral overviewof renewable energy resources
currently assumed available each member state. Most technologies are already being used

throughout the region, although far from their full potentidls discussed in Section 5.2, based on

domestic conditios not all technologies can or should be developed to the full potential indicated in
Table 6.

While hydro resources already are used widely in member states including Belize, Haiti and Suriname,

GKS NBIA2YyQa LI ( ighads)sblar, mtviidishEranzelyzhigh Sffeririy Aignicant
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states, could dramatically change the region by transforming certain member states into renewable

energy expders.
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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 evaanicipalsolid waste(MSW) Modern biomass can provide

an easily accessible energy source to the region and is already a central part of renewable development
strategies irsomeCaribbearcountries particularly those on the mainlanBelizehas emerged as a

leader in the use of bigeergy as a baseload energy source. Building on initial successes, the country has
developed a strategy for future expansionitsfbioenergy capacityAmong thebioenergy resources in

use throughout the regioare bagassdresidue from sugar can@ocessiig, currently used irBelize,

Barbados, Guyan&aitiand Jamaic@and bogas systemgn place inBBarbadosHaiti,Jamaica, St. Lucia,

St. Vincent and the Grenadinesd Trinidad and TobagoA number of pilot projects are currently in

place across the ggon, including in Antigua and Barbuda and Trinidad and Tobago.

Electricity generation from biomass sources has the advantage of providing reliable baseload renewable
power and can offset some of the intermittency of wind and solar generation in an inéebetectricity
system.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 emisEf@nstrong
agricultural sectors imanyCARICOM member statpeovideopportunitiesto sustainably harness
organicwasteresources for use in the energy mwith development of the necessary technologies

Potential sources of biomass feedstock in the Caribbealude agricultural crop residuesuch as

sugarcane bagassgyweet sorghumgoffee husk, rice straw, and coconut shells, as well as woody
biomassLike biomass energy, blmased fuels (or biofuels) can be used for power generation as well,
although they are most commonly used in the trpogation sector. In particular, biodiesel derived

from oilseed crops, such as the jatropha tree, can be used as a substitute for diesel to fuel thermal
power plants.

It is important howeverto consider the wideroften negativémpacts of biofuehnd Homass

production, which caimncludesignificanteffects on local food prices, water use, and the overall energy
intensity of fuel productionWith the development of biomass resourceppropriatesafeguards must

be put in place to ensure that unsustaidalpractices do not occur. In Haiti, for example, an
overreliance on traditional biomass coupled with a lack of environmental regulations has resudted in
97 percent reduction of th® 2 dzy (i NEB Q a , wiradastiois in(plcadiénslfor agriculture ral
livelihoods and resilience to tropical stornfé Fuel cropsilsoare vulnerable to the impacts of climate
change and outputs could be reduced as environmental conditionhe region change

3.1.2 Geothermal

Geothermal energgan be used to generate electricity or to provide heating and cooling services.

Currently,it plays a limited role in thglobalelectricity sector, with only 11 GW installed in 24 countries
worldwide.*® Globally, he maintechnicallimitation to producingelectricity from geothermal energg

GKS ySSR F2NJ NBASNW2ANR 6AGK OSNEB KAIK (SYLISNI GdzN.
however, and most deep geothermal reservoirs are technologically or economically unfeasible to

exploit.In many CAROM members, however, these highmperature reservoirs are located close to

GKS 9 NIKQa &dzaNFIF OSs YIl1Ay3a GKSY WdbearotsS G2 SELX

Where adequate geothermaésourcegdo exist, theycan contribute significantly to @ountry or

NEIA2yQa St SOGNROAGE LERNIF2tA2d C2NJ SEFYLX Sz 38240
in the Philippines and 4.5 percent in Califorifia major advantage of geothermal power compared to

many other renewable sources is that #ircbe used as a baseload source of enerily plants
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operating atan average capacity factor of p&rcent higher than for any other renewable technology
and rivaling fossil fuel and nuclear generatiand topping ouiat capacity factors at or above 90
percentin certain plants®

The most common use of geothermal energy is for heating and co8@wause thessystemgely on

reservoirs with much lower temperaturegiable locations are much more commat least 78

countries use geothermal energy ditly for heating®® Where strong potential exists, geothermal can

adzllLX @ ySIENXe Fff 2F | yFrGA2yQa KSFG SySNHe@exX adzOK
heat®’

Many CARICONember statesparticularly the islands making up the volcanic arch of the Lesser
Antilles, possess significamtappedhightemperature geothermal resourceBevelopment othis
resource in member states such@eminicaGrenadaMontserrat, St. Kitts and Nevis, $iuciaandSt.
Vincent and the Grenadinesulddramatically alter the energy balance not onlyimdividual islands
but of the region as a wholay allowing for renewable energy export and increasing the economic
viability of exploratory drilling.

Thee is currently no geothermal poweapacitywithin CARICOM member nations, although
exploratory drilling isinderway in some countried/ithin the broader Caribbean region, Guadeloupe is
the only island to have developed geothermal power capacity a81f & Geothermalpower

RSOSt 2LIYSyYy (i Qa KA I Kavelzdd Asgyificantdarieitdepldymeyt B8 iRv@stment
anddevelopmentplanshave increased in recent yeafsor those CARICQiember stateswith strong
geothermal potential, the relatiely small power demand of individual islands poses a challenge to the
profitability of smalscale projectsand points to the significant potential benefits of regional
interconnection, collaboratiopand trade®®

3.1.3 Hydro

Large hydropower comprisebé majority of global renewable power generatjdoth within CARICOM

and globallyaccountingor an estimatedu ¢ LISNODSy G 2F G(KS g 2Nimaga St SO
LI NI &a 2F GKS /FNROooSIHYyS KERNRBLRZGSNI NBLINBaSyida |
hilly topography and significant rainfall. Several member states, including Belize and Suriname, already
have high installed hydro capacity anchgeate a large share of their electricity from hydro resources,

while a number of others have significant potential that is yet to be harnessed. Developfrlarge

scale hydropower facilities such as the 165 MW Amalia Falls project in Catgada to phy a

significant role inthe changing energy mix.ike geothermal, hydropower presents opportunities to

broaden and interconnect regional energy markeparticularly in mainland member states like Guyana

and Suriname.

0 N
y

Large Hydrobespite being a lovcarbon,renewable energgource, large hydro often has serious
environmental and socioeconomic impactsThe damming of rivenequiredto createthe large volume
reservoirs needed for power generatican beharmful to both animal and human populatigres\d can
harmnatural ecosystems and biodiversity. In mayhgbalcases|argescalehydropower projects have
led to the displacement of local populations and advenspacts ondownstreamwater conditions
whichaffectthe livelihood of even thosepopulations not displacedy thefacilities themselves
Althoughhydropower generation itselproducescomparatively low emissionthe construction of
hydropower plants including thedestruction offorests and othecarbon sinks to create reservoirs and
the large amount of materials, including concrete, needed for construttimsheavy emissions
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impacts!? Hydropower systems are alsalnerable to the impacts of climate changes increasingly
common drought conditins will reduce electricity output.

Small HydroSmall hydrgon the other handhas several advantages as an energy source, including the
ability to provide cheap and clean electricity to communities that may not have access to other
resourcesSmall hydopower is used around the world, especially in remote areas. Usually classified as
KERNBLIR2GSNI GKIFIG 3ISYSNIiGSa tSaa (KbiyheNPERE 25 i SO
that divert water to channels leading to a waterwheel or turhiagoding many of the negative
environmental implications of largecale hydroDespite these benefitgmall hydro has relatively high
upfront costs comparetb conventional energy sources and requires certgrcificsite characteristics,
including adequatestream flow which precludes its developmeint several smaisland CARICOM
member statesAlthough lowvolume, continuoudlow systems have made hydropower feasible in

small streams, certain agricultural practices and methods of forest management libtzedecreased
flows in rivers and streams on many islands, making the resource uneconéh@oaisumersnust also

be close to the harvested hydro resourda some rural areasoWw consumer demand for electricity due

to the lack of economically productiveses for power often makes attracting funding difficult. Issuing
grants setting up preferential financing schemesd cultivating local small hydro manufacturing
economies have proven crucial for initiating and maintaining small hydro projects.

3.14 Municipal Solid Waste

As with biomass sources from agricultureymicipal solid waste (MSV@) wasteto-energytechnologies

offer the opportunity to e previously discarded materials as a fuel source to provide both electricity
and heat.This waste contas significant organic material, andhen burned, can drive a turbiriée

any other thermal power plant. In addition, landfill gas (primarily methane) can be captured and used to
power a thermal power plant.

MSWis advantageous because it can be used haseload source of power. Because the waste would
otherwise 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 ingaryi
emissions levels, necessitating detailed research for viability in particular contexts or development
plans.MSW has drawn some attention in the CARICOM regitmugh its viability is severely

restricted insomememberstateswhere small populationslo not generate the volumes of waste

necessary to fuel wast®-energy plantsor where waste collection capacity is limitédn Haiti,
however,MSW is estimated to be able to provide between 9.68 MW and 24.3 MW of power capacity
depending on the rate ofaste collectior?

3.1.5 Oceanknergy

Ocean energtechnologies includingzave and tidal power generation, Ocean Thermal Energy
Conversion (OTEC), and salinity gradient technolpgiag offer significant opportunitie®r power
generation and the use of deep sea cooling in the tourism seletdact, these technologies have been
identified as a priority aretor future focusunder the Small Island Developing States (SIDS) Sustainable
Energy Initiative (SIDS DO@K)hey offersignificant potentiathroughout the Caribbean region.

' SIDS DOCK is a sustainable energy initiative comprised of 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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However, 1 is important to note that unlike most of the otheenewable energyechnologies examined

in this chapter, marine energy technologies are far from commevaaility and stillhave prohibitively
high costs. The costs of building and instalimye and tidakystems, including both the generation
equipment and the underwater cablesre extremely high, and existing global capacity is almost
exclusively in the form of pilot andechonstration projects. There also are many factors that need to be
considered when it comes to developing marine energy projects, including corrosion of equipment.in
seawater, coexistence with other human uses of coastal waters such as fishing and oac g
connection obstacles, and potentially significant ecosystem disturbances.

Initial assessments demonstrate that the current potential might be adequate fagrimffsolutions

serving individual consumers, such as individual resaitsough theyremain largely immature and

have not been deployedidely at acommercial scale, the continued development of these technologies
may allow them to play a significant role in the future energy mix of CARICOM; as highlighted by a
varietyof pilot projects including deep sea cooling in the tourism sector of The Bahainas.
technologies mature and costs come down, wave and tidal generation could beconepygsttitive in

the longterm in some coastal regioffs though the longierm potential for OTEC in thegion is

restricted.

3.1.6 Solar

All CARICOM member states possess strong solar energy potential and many opportunities to use
various solar technologies for power generation, heating, and coqlingking solar technology a

crucial, but yet mostly unuskregional sustainable energy solutidroday, a suite of relatively mature
G§SOKy2t23ASa Aa F@FLAfFIofS (G2 O2y@SNI (KS adzyQa
categories: photovoltaic (PV) modules that convert light directly it¢otdcity, 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 wheregisity-scaleCSP systenggenerallyare considered viable

onlyin very sunny climates with litth®-no cloud coverPV technology is modular and can be scaled for
use on a household rooftop, in mediusize settings such as resorts and industrial facilities, or as part of
a large network of utilityscale PV farmdt is also a more flexible technology in that it captures both

direct and diffuse irradiatiorSolar P\Vtherefore, is better suitedo the conditions observed in the
Caribbearthan CSP

In addition to providing electricity, solar energy is commonly wssh alternative to electric or gas
systemdor heating water and spaceSolar 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 ame efficient butalsoare 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 cosbmpetitive globally, with payback periods under tway®in many cases. By

the end of 2011, global solar water and space heating capacity reached 232 gigéweatial.”® More

than half of this is in China, and the vast majority is used for water he&tffarsmaltisland states, the

% A
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equipment imports and tax incentives in the country have created a thrivingehawith 40,000 solar
hot water systems installed on homes, businesses, and hotels as of 2008, as well as a market
penetration of 33 percent for residential buildingsThe success of this project was cited explicitly by
the Inter-American Development B&r(IDB) in announcing a multimilliesollar loan to Barbados for
continued renewable energy developmefit.
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The high component costs that have traditionally plagued solar technologies have significantly declined,
with solar PV module costs falling nearlydgicent in 2011 alone, making solar cesimpetitive with

fossil fuels under certain conditioff$.Several CARICOiember stateshave alreadylemonstrated
enormoussuccess singsolar energy, including solar PV for rural electrificatio@uyanaand solar

water heating inBarbados.

3.1.7 Wind

CARICOM member states exhibit high potential for wind power developr@emside of hydropower,
wind has been by far the most successful renewable electricity savwdewide, with 238 GW installed
globally by tle end of 201£* In some markets, the costs of wind power are estimatedg@t dents per
kWh in attractive locations, making it fully competitive with fossil fuel technoldfiakhough turbines
come in many sizes, wind power is used mostly for centraliziéity-scale generation, although
innovations for smallescale generation make decentralized wind generation an increasingly viable
option. Smakscale (50 to 100 kW) windiesel hybrid systems are growing in the Caribbean, and a U.S.
funded project inDominica is aimed at demonstrating the viability of wind generation facilities under
250 kW in the regiofi® Wind turbines can provide oesite electricity generation for large electricity
consumers such as a factory or farm. Unlike traditionasioe thermal generators, however, wind is
intermittent and cannot be started up at will. Connecting these turbines to the grid can significantly
increase the value of the electricity as landowners are able to sell excess power.

I 002 NRAY3I (2 bSEdhaditiepotentimimobe téFasirgrdiviig réndwéble energy
technology in the region over the next two decadé€ertain member states have already begun to
develop capacity to harness these resources. With the exception of Jamaica, however, whiatastsv b
nearly 40 MW installed wind capacity, and St. Kitts and Nevis, which has 2 MW installed, few member
states have developed utilitycale wind infrastructure.

3.1.8 Comparative Costs of Renewable.Energy Technologies

Many renewable energy technologies candmployed at relatively low costs compared to current
electricity generation in the regioirigure24 compares the global range of generating costs for various
renewable technologies (blue bars) to the range of residential electricity tariffs in CARbBE®Mdn

4.5 and 38.2 US cents/kWh). For reference, it also notes current residential energy prices in CARICOM
member states demonstrating strong potential for a given renewable energy source.
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Figure 24Global Power Generation Costs by. Technology Compared to the Range of Electricity Tariffs in
CARICOM

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-8B2 U.S. cents/kWh) and providesample tariffs in
select countries with strong patéal for that particular resourc&

Although global generating costs and reg&pecific residential electricity tariffs are not directly
comparable, they do indicate on a basic level the -eff&ctiveness of renewable energy technologies,
especially inthe context of a region with such notoriously high electricity prices.

3.1.9 LCOE+

The costcompetitiveness of renewables in the Caribbean presents enormous opportunities for their
expansion; however this will only be achieved if their real valassessednd understoodWithout
detailed assessments of the costs associated watiiousgeneration options, as depicted lievelized

cost of electricity (COanalysis, it is impossible for policymakers to make fully informed decisions on
whichdevelognent pathway should be pursued. These types of assessments, however, are generally
lacking across the region. Given their comparatively high upfront costs, renewable technologies often
face barriers related to increased shaerm costs for consumers. Ovthe entire life span of installed
technologies, however, initial analysis in select parts of the Caribbean shows that certain renewable
technologies are already cost competitive in the CARICOM region, with the cost of generation falling
well below the pice currently paid for electricity generated from fossil fuels once installation,
operations and management, and fuel costs are included.
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continues to reflect only a fraction of the total costs to society resulting from a giemerationsystem.

Existing economic assessments all too often fail to take into account the numerous macroeconomic

benefits of cleartechnologiesincluding job creation ahexpanded rural electrification, as well as the
AAAYATFAOLIY(H a20ALt O2ada 2F 02y @SydAzylt LR6SNE A
and the costs of climate change and pollution. The wigging electricity tariffs paid within

CARICOM from a low of roughly 4.5 U.S. cents/kWh charged by T&TEC in Trinidad and Tobago to the

nearly 40 cents/kWh that APUA charged on the island of Antigltanot internalize these significant

costs.

Building on traditional LCOE analysis, a full assessmentmfeconomiémpacis across the region,
spearheaded by CARICOM, could lead to more balanced understanding of true societal costs of different
power systems, correcting skewed market conditions and creating an environment that is more
favorable for renewhle energy development and deployment. By providing policymakers with this
more detailed information, LCOE+ analysis integrating societad wosiid play a central role in the
enactment of longerm, integrated development scenarios that will benefit ftegjion 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 casedeploying renewhle power options couldeducethe costs of generation

compared to current system&orCARICOM member states, simultaneotiated with high tariffs
vulnerabilityto international oil pricesand the impacts of climate changeis 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 Assesgnie. 6 a9¢! 0> RS@St 2LISR o6&
alb ylF3asSySyd !aaradlyoS tNRANXY o09{a!to0v FyR dzas$s
Roadmaps in the Caribbean, is an important tool that can be tesathpthe true cost of electricity.
Thisflexible modeling tool internalizes factors such as local pollution and climate change to provide a
more comprehensive picture of generation costs by technalogyth renewable and nomenewabla

that reflects the unique domestic conditions of each country.

3.2 Current Sustainable Energy | nitiatives

A diverse array of sustainable eggrinitiatives technologies eing developegexplored and

implemented to harness the many awaile renewable resources ®ARICONMiember statesMany
interesting case studiasn 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 challendgdsoware three examples to highlightéhopportunities seen
across the region.

Solar Water Heatersin Barbados

Barbadoshas emerged as a global leader in the deploymersbt#r water heaters. Thesolar water
heater industry has been operaton the island since the 1970s and, to date, mssalled upward of
50,000 individual units. Solarater heatershave an immense impact on reducing energy use, related
emissions, and fuel import bills for energy impdependent countries.
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In Barbadogsthe installed systems contribute &stimatedenergy savings of 20@nillion kwWh per year
andsignificant emissions reductions saviggl28 klograms ofCQ per system per year equivalent to
more than 5.5ercentof nationalcarbon emission¥. The government of Barbados has played a key
role in developing this important segment of the renewables mabiyeintroducingfiscal incentiveinto
the national tax code to mitigate the cost barrigwsedto citizensby the technology.

Geothermain Dominica

Although geothermal resourcdmveyet to be exploitedvithin CARICOMsomemember statesare
makingsignificantstrides. Dominica iaregional leader in taking concrete action to develop the sector

with contracts inplacesince 201%o govern eploration ofii K S A gebtheyhRl @aientialOne of
52YAYAOlI Qa Y2ad LINE YA aisitheIvoten Wakveh gitawithfie NoteRISI®S £ 2 LIY Sy
support a 120 MW plant supplying 20 MW of powemeet Dominic&2 éntire domestic demandnd

allowingfor the export of 100 MW to neighbors Guadeloupe and Martinitfue.

Recent reports indicate, however, that the project could be facing a major setback. Electricité de France
695CU0X (GKS ¢2NI RQa fFNBSA&(G dziAf Al basréparédlyr ye | yR 2y
GAGKRNI 6y LINRYLIiAy3a O2yOSNya I o0 2HERasedileclsibiz 2S00 Qa
on low profitability opportunities compared to those presented by investment in the Eastern Caribbean

Gas Pipeline (ECGP), which wouldi$gzort natural gas from Trinidaahd Tobago to Barbados, St. Lucia,
Guadeloupeand Martinique?* Regardless of the specific reasons belin8 Qi€cision, it 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 development.

Wind Power in Jmaica

2AGK Iy AyadlrftftSR OFLIOAGE 2F oydtr a2z 2A4d0(2Yy 2AY
scale wind farmand the largest wind installation within CARICOMase | of the Wigton facility was
commissioned in 2004 with an initial capacity26f7 MWat a cost olUS$26 millionthe loan has since
beenrefinanced througthe Petroaribe Development Fund.Under the original 2§ear agreement,

Wigton soldelectricity tothe grid operatorat a rate of 5.6 cents per kWh for the first five yearsd an

5.05 cents per kWh thereafter. These rates were too low for the wind farm to be profitableever,

and the terms werdater renegotiated to reflect an updated avoided cost lesreéraging out to
approximately 10 cents per kWh over the amortized liféidt S LINE 2 Ruhér@ére, iatBed than
steady payments at the avoided cost level over time, the payments to Wigton under the new agreement
are higher in the first few yearsallowing the company to recover high upfront capital castnd then

lower inlater years, averaging out to the avoided cost.

Phase ladded 18 MW of capacity and began exporting electricity to the grid in December2@ltbst

of $49 millionalsoF Ay yOSR o6& W Y I XGihca 201wWigtorhRs/envisidnaédSurti@dzy’ R @
expansion, including an additional 24 MW tiseiouldhave been undeway by now. According to

Wigton officials, the major barrier to new capaditgts beerthe low avoided cosbased price for IPP

wind generation at less thahl cents per kWh officials stated that a price of £34 cents per kWh

would be necessary to make additional capacity viable at WitjtSince the Jamaican utility JPS

currently sells electricity for 38 cents per kwWh, a guaranteed price-4#1&nts per Wh would be

reasonable, and could spur significant wind power development.

These initiatives depict a sampling of the many sustainable energy programs and projects currently in
development across the region. Unfortunatelgnewable energyglevelopment andleployment across
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CARICOM continues to bkaracterized by lack of follow through on developed strategies and plans.
Both the wind and geothermal sectors have fallen victim to this trend on numerous recent occasions.
Gaps between project planning andopect implementatiorremainone of the largest barriers to a
sustainable energy transition. As highlighted bysthguccess stories, government intervention should
play a central role in working to bridge this gap.

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 sectargluding residential, commercial, and industri&b

reduce energy demanth ¥ i Sy NB T S NINBRK difrdydficiearynddsbirestare often both

the cheapest and fastest way to lessen the environmental and economic costs associated with a given
energy system.

Energy efficiencys an important first step because of its compounding effects: when a user demands
one less unit of energy because of efficiency measures, the system typically saves much more than one
unit of energy because of avoided losses during generation, transmissid. distribution. Especially in
countries like Haifiwhere technical and notechnical losses arieigh, enduser efficiency savings can
translate into much greater savings in generation. As a result, efficiency improvements can amplify the
benefits ofdeveloping utilityscale renewable energy by increasing the impact of added renewable

power capacityAs compared to centralized utiliscale power, distributed renewable technologies are
often more efficient because they minimize the transmission loasseciated with moving power over

long distances.

The number of opportunities for energy efficiency that exist at the household level must be harnessed.
Buildings themselves can be designificantly more efficierthrough proper insulation, white roofing,

and smart architecture/landscaping.-home products such as household appliances continue to
consume comparativellarge volumes of electricifywith theirinefficiency exacerbated bgliance on
outdated appliaes and a lack of strong efficiency standards for new appliances. With growing
economic development corresponding growth in energy demand from these types of appliances and
other household products, such as air conditioning systems, will need to begediarough efficiency
measures.

Energy efficiencyneasures also offer some of the most ceffective tools for reducing G@missions.
Especially in the many CARICOM member states where there are few,ehanyy efficiencyneasures

in place, there e large gains to be made in this area. In many casexgy efficiencyneasures

actually save money due to reduced energy co&68Q abatement analysis for the Dominican Republic
illustratesthe cost and emission saving potentialesfergy efficiencyneasures in an uppemniddle-

income, fossil fuetiependent smallsland state similar tdamaica” (See Figuré5.) Similar analyses in

other CARICOM member states could help to inform decision making by identifying priority action areas.

"While energy effiiency, which results in the use of less energy to perform the same task, and energy
conservation measures, which look to reduce overall energy use, differ, for the purposes of this analysis energy
efficiency is used to describe both sets of energy reducsiolutions.
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In the power sector, 60% of the abatement potential comes from a cleaner
generating mix while the rest comes from energy efficiency measures
Cost Enengy effidency
USDACO,2 [ Electricity generation
140 -
120 |
100 F
a0
80 Biomass cofiring  Biomass
40 b in coal plants  power plants
20 |
0 . .
20 | 1 2 11 12
=0 F Solar BY Abatement potential
ol ‘ Solar CSP MICO.2
80 - . ar
Wind power
-100 | Hydro Efficiency code for new
':ﬁ r power residential buildings
-160 Water heaters from electric to solar, residential
% I Reduce off-grid generation
70 b Efficiency code for new commercial buildings
-240 Retrofit lighting controls in commercial buildings
‘g i Efficient appliances—residential
300 b Replacing fuel oil plants with natural gas Average cost of abatement/ton: ~ USD -113
-320 - Efficient electronics—consumer, residential Share of abatement coming at negative cost: ~ 85%
Switch incandescent lightbulbs to LEDs, commercial Reduction of required power generation through
Switch incandescent lightbulbs to LEDs, residential energy efficiency: 18% compared to BAU
Eficient lighting contral in new commercial buildings Improvement in carben intensity of the power mix:
Energy efficiency in other industries 50% (0.32 tCO.e/MWh vs. 0.64 under BAU)
Analysis by the National Council on Climate Change and Clean Development Mechanism

Figure B. Carban Abatement Cost Curve Analysis for the Dominican Republic

Although many CARICOM member states are relatively small, and therefore generate and consume
comparatively little energy, an examination of energy intensity (primary energy consumption per dollar
GDP) can indicate the efficiency of particular energy systéhreliminary analysis of energy intensity
throughout CARICOM highlights significant disparity among member states. (See2Biphie

surprisingly, those member states with wdltveloped industrial sectorsparticularly Trinidad and
Tobago, Surinamend Guyana, each of which has fairly extensive extractive industdemonstrate
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Figure26. Energy Intensity of CARICONember States, 200509

Economic setors that should be targeted fanergy efficiencyneasures and technologies a national

levelF NB (K2a$8S GKFEGY mo |1 OO02dzy i T2NJ I ;2)larbHEdgbly a K| NB
energy intensive or inefficienor 3) are central to the ecanmy. Across the CARICOM region, such

sectors include: electricity generation, electricity transmission, hotels and tourism, mining, and the
residential sector.

Despite the high energy costs for the tourism indughigtels have been slow to introduamnergy
efficiencymeasures despite studigemonstratingthat relatively small investments and practices can
result in 2@30 percentenergysavings: A project of the U.S. Agency for International Development
Energy Audits for Sustainable Tourism initiatoearied out between 1997 and 200&duced nightly
energy use per guest by 12 percent in participatlaghaicarhotels, reducing total energy consumption
by more than 1.6 million kWh over the project period. The project resulted in efficiency savings of
USH616,555 resulting from an investment of just US$175800.

3.4 Current“Energy Efficiency Initiatives

CARICONMember statediave expressed both a desire aadillingness to focus on improvirenergy
efficiency and several have begun implementing associgi®jects andpolicy measures. Many of the
measures currently in place are tax incentives. For example, Triartfiobago already provides a 150
percent tax allowance for companies that conduct energy audits and install energy saving equipment.
Many othermember statehave suggested additionahergy efficiencyneasures or are currently in the
process of incorporating them into national plaiifie Development Bank of Jamaica (DBJ) is financing
ongoing energy efficiency and renewable energy pilot projectduding in two hotelsthe Sunrise Club

Hotel and Footprints on the Sands. Efficiency measures include energy management systems to shut off
electricity use in unoccupied rooms and replacingatc&onditioning systemsvith efficient inverterAC

units ®
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3.5 Renewables and the Grid

Integrated energy planning must look beyond deploying new technological solutions for energy

generation ancenergy efficiencyGrid developments will play a central role in redesigning energy

systems in the Caribbeawhere existng infrastructure is largely out of date and often insufficient to

YSSG GKS LR2LizA FdA2yQa OdNANSBy (A & yROERNRWA SR Sy SINEES
technical losses and, in select member states, a lack of reliable electricity access. Wittinaut

development, existing grid networks will be unable to successfully address the technical challenges
associated with the increased use of renewable energy envisioned by CARICOM and its member states.

New grid infrastructure will be necessary to nagee variability and to integrate complementary
renewable energy sources into T&D networks to supply reliable pdwex. smart grid advancements
canplay a significant role imanaging demand, shifting loads to-piéak hours, and better utilizing
domesticrenewable energyesourcesThedeployment of smart meterat the household level,
combined with the appropriate policy mechanisresy, feed-in tariffs, net metering/net billingwill
allow customers to generate their own renewable power and sell bathetgrid.

Grid investments are currently needed to reduce the high electricity losses of many CAREDIdr
statesas well as to provide reliable electricity accestatgeportions of the population irstateswhere
grid expansion is the most viable optidrhis process will need to be driven in large part by national
governments and the CARICOM Secretabatauseprivate investment into new grid infrastructure is
slow to evolve.

As certain CARICOMEember staeslook to integrate larger shares of varialstenewable energynto

grid networks energy storage solutions will also need to be developed. Some feel storage solutions start
to become necessary as the electricity system approaches a 20 peetentableshare® While

renewables such as geothermal and hydropower do not face these issues to the same degree, those
islandsthat rely on more variable renewablsourcessuch asvind and solar wilheed to invest in

storage technologies. These issues alrdaalyebegun to be addressed in certaimember statessuch

as Antiguaand Barbudawhere paolicymakers arassessing pumped storage hydropower as a

component of wind development. The staatbne diesel generators prevalent through much of the

region may also see to backup variable generation from new renewables. This approach is prevalent
inD dz& | Hihte®and Electrification Strateds’

3.6 Regional Interconnection Potential

There has been much discussion within CARICOM and the broader Caribbean regiohapotétitial
benefits of some degree of electrical integration and/or regional energy trade. In particular, the
development of abundamtenewable energyesources such as geothermal would make export via
interconnection increasingly viable and perhaps emenessary to make the significant investmetizgt
arerequired economical.

There are many potential benefits of electricity interconnection in the Caribbean. Given the prevalence
of smaltisland economies within CARICOM, many of which struggle to take advantage of economies of
scaledue totheir limited market size and investment capacity, interconnection presents opportunities

to reduce operating costs and stimulate increased investmertgr¢onnection, particularly in the

context of arenewable energyesource such as geothermal, which requires significant initial capital
investment, can make developmemtuchmore profitable by enabling it to be exporté.
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Already,someCARICONhemberstatesuse submarine interconnection cables to link individual islands
within a country Theseinclude two 33 kV lines between Trinidadd Tobago, shortlistance cables in

the Bahamashat supply electricity teseveralsmall islands and cayand a34.5 R/ submarine cable
linking mainland Belize witBan Pedrd® St Kitts and Nevis is working with a private developebtild

a geothermal generation facility capable of providing sufficrenmewable energypaseload to serve the
entire 89 MW peak load on &visand deliver the exceds St Kitts. The developer is considering a
generation capacity of either 1MW or 20MW for the initial stage and 38IW for the eventual second
stage.

A prefeasibility study conducted kiyre Energy and Climate Partnership foe AmericageCPAon a
potential interconnection between SKitts and Nevis and Puerto Rico concluded that such an
interconnection could simultaneously reduce oil and natural gas use on the islands and promote
geothermal development®® In addition, & o July 2012, three wells had been drilled in the Wotton
Waven area of Dominica to assess the feasibility of geothermal development and submarine
transmission to Martinique and Guadeloupe.

Severaktudies on the feasibility and implications of electriditierconnection in the Caribbean have
already been doneA 2010preliminary study conducted Hytexantconcludes that the followingix
interconnection scenarios involving CARIC@&Mber statesvould be both economically viable and
technically feasible: NéxSt Kitts; Dominicdartinique; DominicaGuadeloupe; NeviPuerto Rico;
NevisU.S Virgin Islandsand theDominican Republitlaiti land interconnection. A 2009 study by St.
Vincent Electricity Services Limited (VINLEC) concluded that although contieetimgall grids of the
Grenadine Islands was not cost effective, interconnection for energy exports could become feasible
following significant geothermal developmelit.A project funded by the IDB is currently performing
pre-feasibility studies to evaluatthe political, institutional, regulatory, technical, economic,
environmenta) and social implications of electrical interconnection in élNerthern Aré countries (i.e.
Suriname, Guyana, French Guinea, and two northern states in Brazil).

Regionapipelines for natural gas have also been considered and their potential assessed as part of the
development of a regional energy strate@onstruction of the Eastern Caribbean Gas pipeline is slated
to commence in 2014 At this time, howeversomeexperts tend to agree that the construction of
regional gas pipelines is not economically viable for the region due in part to high material and
construction costs. Electricity interconnections therefore appear to be the maost promising option for
regional energynterconnection.

3.7 Gap Analysis

The completion.and communication of technical assessments for renewable energy, energy efficiency,
and grid and storage solutions is the backbone of integrated energy planning. Unfortunately, this is
often lacking in CARIGD Even in areas where the necessary assessments have been completed, the
results are often not communicated and the assessments themselves unavailibiieg forward with

the GSERMS initiative will require ongoing and thorough analysenefvable enegyandenergy
efficiencypotential, as well as a more coordinated approach to compiling and sharing existing data
throughout the regionPriority gapsthat, if addressed, would facilitate rapid forward progress include:

1. Lack of widespread calculation, usINB G F YRAY 3 | YR O02YYdzyAOlI GA2Y

costeffectivenessDespite the coseffectiveness of renewable technologies in the
Caribbean region, they continue to be perceived by many regional stakeholders as
prohibitively expensive. This poses @rsiicant barrier to development in a region already
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facing high electricity price# thorough assessment of levelized cost of electrigiyOE) in
each CARICOM stateomparing the costs of various generation sources and including the
G G NXzS tygcally éxéluded from conventional cost analysedll identify and
communicate the economic feasibility of renewable development, as well as the societal
benefits that stemfrom its increased deployment.

2. Unavailability of renewable energy assessmentsdaiechnology feasibility studies:
Although many member states have conducted initial assessments of resource potential for
a number of technologies, much more detailed resource identification will be needed before
projects can be implemented. Where detaileessource assessments have not been
conducted, they should be carried out. Where assessments have already been conducted,
they should be made publicly available and easily accessible to potential investors, project
developers, and other key stakeholde€ompiling all completed assessments in a central
location, open to all energy stakeholders, would facilitate knowledge sharing and avoid
duplication of effort.

3. Higher resolution assessments for priority geographic locations not conducted and/or
communicateal: Nationatlevel assessments provide a valuable overview of available
resources and can play a crucial role in indicating promising areas for deployment of specific
technologies. In order for project development to move forward, however, assessments
mustbe conducted on a higher resolution. Priority areas for more detailed assessment
include those with the best resources and those near population centers.

4. Analysis of opportunities for resource complementarity in integrated energy planning not
conducted am/or communicated:Many opportunities exist to deploy certaienewable
energytechnologies in tandem, taking advantage of seasonal and diurnal variation to
overcome some of the challenges typically posed by the variability of renewable resources
like sola and wind. Assessments of complementarity potential will facilismtarter and
more integrated energy planning, and will indicate opportunities for the most efficient and
most costeffective renewable deployment.

4 Existing Policy Framework

Despite thestrong potential for energy efficiency and renewable energy observed in all CARICOM
member states, the development of sustainable energy systems will not occur organitetyiccess
of sustainable energy development in CARIG@IMdepend largely on theffectiveness of policy and
regulatory structuresRegional and national governing bodies must be proactive in implementing
enabling policy frameworks that facilitate development and promote the investments needed to
encourage energy efficiency improvemsmand allow renewable energy projects to take hold.

Worldwide, renewable energy and energy efficiency support policies have been critical drivers of
increased renewable generation in recent years, and the implementation of such measures is increasing
rapidly. The number of countries with support policies in place for renewable power generation, for
example, increased from 48 in 2005 to 109 by early Z281Reveloping countries and emerging

economies are taking the lead in supporting renewables via pohoydworks, accounting for the

majority of countries with concrete support mechanisms in place today.

b2 aAy3ftsS LRtAOE YSOKIYyAaY Oly &adzO0SaafdzZ te& GNIya
policymakers must design and implement an approprgikcy mixthat matches unique domestic
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conditions.International experiencehowsthat countrieswhichhave successfully promoted renewable
energyand energy efficiencgcorehigh on three essential building blockg:along-term visionthat
includes goaland targets2) concrete policies and measureas achievethesegoals and targets; ang)
effective administrative processes and governance structuf@simplementing and revising these
mechanismg'

Although recent years have seen an increase in the rarrabpolicies designed to incentivize

renewable energy and energy efficiency in CARICOM member states, overall these efforts remain
disjointed and incomplete. In the absence of a coherent i@ vision, welldesigned policy
mechanisms and effective gernance 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.

4.1 Existing National Energy Plans and Long -Term Visions in. CARICOM

Establishing an official lortgrm vision for sustainable energy development that lays out clear goals and

priorities and commits all government stakeholders to a common and cohesive strategic agenda
represents a crucial component offeftive sustainable energy plannifgARICOM has taken a

significant step forward by finalizing its Energy Policy. In addition to this regional, @liad CARICOM
member statesrow have a national energy strategy in some stage of development or impletien, a

significant shift from when work began on the CARICOM Regional Energy Policy a dec8d&ego.
Table7.) To facilitate development of a sustainable energy system for the region as a whole, it is

essential that these plans encourage the depleyntof renewable energy and energy efficiency
technologies. A preliminary review of these documents by the CARICOM Secretariat concluded that they

generally align with the CARICOM Regional Energy P8licy.

Table 7 Existhg National Energy Plans @ARICONWlember States

National Energy Policy Name of Policy Document
Antigua and Barbuda In Draft (Feb. 2012) Final National Energy Policy
Bahamas Proposed (Sep. 2010) Second Report of the National Energy Policy
Committee
Barbados Submitted (Dec.2006) The National Energy Policy of Barbados
Proposed (June 2010) Sustainable Energy Framework for Barbados
Belize In Draft (Nov. 2011) Draft National Energy Policy Framework
Submitted (Sep. 2012) MESTPU Strategic Plan 2012017
Dominica In Draft (Dec.2011) Draft Sustainable Energy Plan of the
Commonwealth of Dominica
Grenada Approved (June 2011) The National Energy Policy of Grenada
Guyana Approved (May 2010) National Low Carbon Development Strategy
Haiti In Draft (Feb. 2011) National Energy SectoDevelopment Plan
Jamaica Approved (Oct. 2009) *Al AEAABO . AOET 1T AJd030%1 A
Montserrat Approved (Sep. 2008) Montserrat Energy Policy, 20082027
St. Kitts and Nevis In Draft (Apr. 2011) Draft National Energy Policy
St. Lucia Approved (Jan2010) Saint Lucia National Energy Policy
St. Vincent & the Approved (Mar. 2009) National Energy Policy
Grenadines

"C2NJ Y2NB AYT2NXYIGA2Y 2V
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the Global Shift to Domestic Renewalflégshington, DC: Worldwatch Institute, 2012).

02YLRYSyila
work on Sustainable Energy Roadmaps, in Alexander Ochs and Shakuntala M&dgtamable Energy Roadmaps: Guiding

60

27F



Suriname Submitted (Nov. 2010) Renewable Energy Policy of Suriname
Trinidad and Tobago In Draft (Jan. 2011) Framework for Development of aRenewable
Energy Policy for Trinidad and Tobago
Source: See Endnot#07. © Worldwatch

Setting appropriately ambitious targets for energy sector development is a critical gfiglesigning and
implementing an effective climateompatible development strategy. Targets, if wadisigned and

adhered to, help to articulate a lorgrm vision that can transcend changes in leadership, commit all
necessary actors and stakeholders toaanmon goal, and provide key investors with the signs of-long
term stability that they need to commit to crucial project financing. In the context of CARICOM, regional
targets can also unite individual member states around a common goal and help to dmestutfeeir
respective national action plans and policies work as part of a cohesive whole.

Many CARICOM member states have set specific targets for sustainable energy development across

several categories, including renewable energy penetration in th@maltienergy mix, renewable

power, energy efficiency improvements, ant fewer cases carbon emissions reductions. Because

these targets were set at the national level, the forms they take vary widely. Although this presents

certain challengesinterms oSd@ St 2 LAy 3 NBIA 2y £ G NBwdéreves / ! wlL/ haQ:
possibleg build on what individual member states have already achieved and on the national targets

already set, providing a common, cohesive guiding vision to the region as a whole.

4.1.1 Existing Renewable Energy Targets

Many CARICOM member states have set ambitious renewable energy goals that are comparable to
targets being adopted globally. For example, three countribsminica, Grenada, and Guyanare
targeting more than 90 percent renewalpewer in the coming decades. (See Tab)e

Table 8. Overview of Renewable Energy Targets in CARICOM Member States

Renewable Energy Electricity from Renewables Transport
Supply
Antigua and 5% by 2015 Improve transport efficiency
Barbuda 10% by 2020 40% in 15 years
15% by 2030
The Bahamas 15% by 2020 Achieve fuel economy of 39
30% by 2030 35 mpg for 70% of vehicles in
5710 years
Barbados 10% by 2012 29% increaseby 2029
20% by 2026
Belize Reduce fossil fuel
dependence 50%by
2020
Dominica 25% by 2010

100% through the addition of
geothermal by 2020
Grenada 20% by 2020 10% by 2013 (Grenada)
20% by 2017 (Grenada)
40% by 2011 (Carriacou and Petite

Martinique)
100% by 2030(no date given)
Guyana 90% through hydro development
Install 15,000 solar home systemgno
date given)
Haiti
Jamaica 30% by 2030 15% by 2020
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20% by 2030

Montserrat
St. Lucia 20% by 2020 5% by 2013
15% by 2015
30% by 2020
St. Kitts and 20% by 2015 Reduce fossil fueconsumption
Nevis 15% by 2015

St. Vincent and
the Grenadines

30% by 2015
60% by 2020

Reduce fossil fuel consumption
10% by 2015 and 15% by

2020
Suriname
Trinidad and 5% of peak demand (or 60 MW) by | Convert 20% of all 500,000
Tobago 2020 vehicles to CNG by 2015

2AAOAA OEA, OAA
emissions by 1@15% (no date
given)

4.1.2 Existing Energy Efficiency Targets

As of April 2013, seven CARICOM member states had either implemented or were considering national

© Worldwatch

targets for energy efficiency improvements. (See Table

Table9. Overview of National Energy Efficiency Target<CARICONViember States

Country

Energy Efficiency

Antigua and Barbuda

Improve energy efficiency by 30% over 15 years

The Bahamas

None

Barbados Reduce electricity consumption 22% compared to
businessas-usual by 2029

Belize Improve energy efficiency and conservation by at least
30% by 2033 (suggested)

Dominica None

Grenada None

Guyana None

Haiti None

Jamaica Reduce energy intensity from 21,152 to 6,000 Btus/$GDP
by 2030

Montserrat None

St. Lucia Reduce electricity consumption in the public sector by 20%

by 2020

St. Kitts and Nevis

Reduce projected electricity demand 20% by 2015
(resulting in peak demand of 45.7 MW)

St. Vincent and the Grenadines

Reduce projected increase in peak demand 5% by 2015
and 10% by 2020

Reduce power losses to 7% by 2015 and 5% by 2020
Reduce electricity generation 15% by 2020

Suriname

None

Trinidad and Tobago

No target currently exists; however, a 150% tax allowance
is granted to commercial and industrial enterprises that
achieve a target % of energy efficiency improvement

(target currently being determined)

4.1.3 Existing Emissions Reduction s Targets

© Worldwatch

As of April 2013, only two CARICOM member states had national targets for emissions reductions in
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neighboring countries of Guadeloupe and Martinique, andr@da has set a target of reducing
greenhouse gas emissions 20 percent below bustaessual projections by 2020.

4.2 Existing Concrete Policies and Mechanisms

Once the vision has been established, direct support mechanisms for renewable energy apd ener
efficiency are necessary to support the development and deployment of these technologies and to meet
overarching targets. Although such measures have been widely implemented across the region, there
remains a significant need for policy evaluation anglementation of additional measures.

Because sustainable energy markets are policy driven, governments within CARICOM canutakera

of steps to mitigate the technical and naeechnical barriers obstructing development and deployment

of both renewableenergy technologies and energy efficiency solutions. Already, some member states
have implemented a variety of regulatory reform measures, fiscal incentives, and public financing
mechanisms® (See Tabld0.)

4.2.1 Existing Renewable Energy Support Policies

Most CARICOM member states have implemented some form of renewable energy support policy,
whether in the form of regulation, fiscal incentive, or public financing mechanism.

Regulatory Measures

Feedin tariffs (FITs), which provide a fixed, gaateed price per unit of energy produced and sold into
the grid, are the most widely adopted policy in thiebalpower sector, currently used in more than 60
countries worldwide more than half of which are categorized as developing nattdhalthough FITs
have been suggested in seveCARICONhemberstates, nonehave been implemented. eSeral

member states have implementatkt meteringor net billing schemeswhich allow smailkcale

electricity consumers to generate their own electricity and feed it thivgrid, creating a twavay flow

of electricity whereby the customer is hilled or credited/paid based on the ratio of power consumed to
power generated! Currently, only a small group of CARICOM member states offer incentives for
producers of renewablegwer to sell directly back to the grith Jamaica, a recent renegotiation of the
dziAfAGeQa StSOGNROAGE fAOSyaS -stherezbvinlSeenekgy | ySiG o
producers to deduct the electricity they produce themselves from thiirand to sell any excess
electricity that they do not consume to the gridet metering and net billing schemes hasobeen
introduced inBarbadogpilot), Grenada, and St. Lugjailot) with limited success. As of September 2011,
only a combined B customers had been connected under all four prograthiternational experience
has shown that to create effective incentives for generation, the tariffs set in such programs must be
well designed and appropriate. In Jamaica, for exantpketariffs offered under the net billing scheme

do not reflect the current electricity market and are still significantly lower than the phigethe utility
charges for electricity, therefore failing to provide the kind of cost incentive required to develop
renewableenergy. Although these four countries have taken a significant step forward in implementing
these schemes, it is important that these initiatives be improved and scaled up to support larger
additions of renewable capacity across the region.

Giventhe83IA 2y Qa f2y3 KAAG2NER 2F Y2yz2LRfe O2yiNRBf 23S\
distribution, IPPs have struggled to gain a foothold in many member states. A successful transition to
renewable energy sources will require the increased presencearittipation of independent

generators, both large and small and-@md offgrid. Recognizing this, a number of member states

currently permit IPPg0 operate, although with varying degrees of administrative and regulatory
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burden. In the case dintiguaandBarbudaand St. Vincenandthe Grenadinesndependent

production is allowed only if approved by the utility. In those states where IPPs are currently not
permitted, national laws and regulations should be amended to allow them. Many CARICOM member
states already have high levels of sgéineration, mostly by private businesses, as a result of unreliable
grid power supply and/or the absence of legal authority to access grid infrastructure. Where this is not
yet the case, however, significant regulatahyanges must take place to open markets to independent
generators.

Fiscal Incentives and Public Financing

Another generation incentive is th@oduction tax creditmodel, which provides a loAgrm

guaranteed tax incentive based on units of energy produced; this mechanism has been identified as one
of the major drivers of wind power development in the United Statgsveral member states have
implementedtax reducions or exemptiongo provide incentives for renewable energy deploymemt

are in the process of doingsoy KA & al @& Hnmo 0dzZRISG F RRNBaaxz aly |
Crallt {dzadl Ayl oA fStii@mmoutickd3hathiAdmigratedwl Aindplénteitla 2 F
range of renewable energy tax incentives including income tax deductions for installed renewable
energy systems and import duty exemptions for renewable energy technology compomenters or
auctions,are alsobeingused toencourage renewable energy deploymenértin countries such as

South Africa, ar@ow turning to this markebased mechanisrim place of traditional policies such as
FITsTenders are quickly becoming one of the primary mechanisms for supporting renesvedotgy in

Central America and, within CARICOM, already play an important role in Jamaica.
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Table 10 RenewableEnergy Support Policies BARICOM/Iember States

Regulatory Policies Fiscal Incentives and Public Financing
s 2 . » _ 2 o=
e 5 5.3 = 5 5§ |8 SE
© =2 2872 gl 5 = O S E 2 & =
8 8= 583|853 & 53¢ |S¢ © 5
e Zm xramnhoO| Lo [ o ao O
Antigua and Suggested X
Barbuda
The Bahamas | Suggested | Suggested
Barbados In X X X X X
develop-
ment
Belize
Dominica X
Grenada X Suggested X Suggested X Suggested
Guyana Suggested X
Haiti
Jamaica X X X X
Montserrat Suggested | Suggested
St. Kitts and X
Nevis
St. Lucia X X Suggested X
St. Vincent Suggested X Suggested | Suggested
and the
Grenadines
Suriname Suggested | Suggested X Suggested
Trinidad and Suggested Suggested
Tobago
© Worldwatch

* Note that only selfgeneration from wind and solar PV is permitted througfNEVLEC.
.1 OAd O3OCGCAOOAAG ET AEAAOAO OEAO OEA
document or in public remarks) but has not yet been implemented.

Source: See Endnot209.

4.2.2 Existing Energy Efficiency Support Policies

I AAOOOA EAO AAAfial plaaring A

As withrenewable energy, energy efficiency solutions can be promoted effectively through direct
government regulations and fiscal incentives, as well as initiatives aimed at raising public awareness
about efficient conservatiof> (See Tabld1.) Guyana has madggnificant efforts to promote energy
efficiency through a combination ¢tdix exemptions public demonstrations andincentivesfor efficient
lighting. Trinidad and Tobago will grant a 150 percent tax allowance to commercial and industrial
enterprises thatichieve a target share of energy efficiency improvement, although the specific target is
still being determined.

National building codesre commonly used to great effect to ensure that new construction

incorporates modern, energyaving technologies. Aumber of countries worldwide have implemented

IO AEOAC(

mandates requiring new construction to include solar hot water heating, a technology that has already
taken hold inBarbados The promotion oenergy labelingor consumer goods such as household
appliances an have a significant impact on reducing energy use and further encouraging the purchase
of less energyntensive products. In combination with labelirappliance efficiency standardsan be
adopted to enforce the use of products above a mandated eneffigyiency threshold. Incentives
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encouraging businesses and individuals to perfemargy audits such as those already in place in
Trinidad and Tobago, can have a significant impact. Encouraging consumers to critically examine the
ways in which they use engy can make them aware of the enormous and relatively easy opportunities
that exist for improvement and significant savings.

Table 11 Energy Eftiency Support Policies iIGARICONWember States

National Tax Tax Public Demon - Prohibited Appliance
Energy Credits Reduction/ stration Use/ Import of Labeling
Efficiency Exemption Incandescent Standards
Standards Bulbs
Antigua and Suggested
Barbuda
The Bahamas
Barbados X X
Belize
Dominica Suggested | Suggested Suggested
Grenada
Guyana X X X
Haiti
Jamaica In Draft X X
Montserrat
St. Kitts and Nevis
St. Lucia Suggested
St. Vincent and the Suggested
Grenadines
Suriname Suggested Suggested
Trinidad and Suggested X Suggested Suggested Suggested
Tobago
© Worldwatch

.1 6Ad O3OCCAOOAAG ET AEAAOAO OEAO OEA [ AAOOOA EAO AAAbialpaadnd A 1O AEOA(
document or in public remarks) but has not yet been implemented.
Source: See Endnot#13.

Although energy efficiency mechanisms are gaining prevalence in regional policy discussions, they have
yet to be enacted as widely as renewable energy support policies; however, because efficiency
improvements often present the fastest, leastpersive opportunities to decrease energy consumption

and associated emissions, they should be considered to a greater extent throughout CARICOM.
Strategies for doingre discussed in th8ummary and Recommendations for Policymaiepert.

4.2.3 Existing Support Policies for Sustainable Transportation

Given the importance of transportation in regional energy consumptome governmenthave
implemented mechanisms specifically targeting improvements in that sectwmbination of direct
regulation, incluéghg biofuel blend mandatesandfuel efficiency standardsas well agiscal supports
hasbeen used to promote decreased dependemnn fossil fuels in the transportation sect¢EGee Table
12)
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Table 12.

Transportation Policies in CARICOM MembeteSta

Blend Mandate

Import Tax Exemption/
Reduction

Fuel Efficiency Standards

Antigua and Barbuda

Suggested

Suggested

The Bahamas

Barbados

Suggested

Belize

Dominica

Grenada

Guyana

Haiti

Jamaica

Montserrat

St. Kitts and Nevis

St. Lucia

Suggested

St. Vincent and the Grenadines

Suggested

Suriname

Suggested

Trinidad and Tobago

X

.1 OAdq O3OCCAOOAAG

ET AEAAOAO OEAO OEA
document or in public remarks) but has not yet been implemented.

© Worldwatch

i ABOOGOA EAO AAAicial plaaring A

In Trinidad and Tobago, Finance Act No. 13 of 2010 includes provisionartitate import dutieson

conversion kits and cylinders required to convert vehicles from gasoline to compressed natural gas
(CNG), and apply a zerated valueadded tax (VAT) to prate or commercial vehicles manufactured to

IO AEOA

use CNG Although the use of natural gas in transport is not a viable option for all CARICOM member

states, these mechanisms demonstrate the kinds of incentives that can be used to encourage Ireform.

St. Lu@, the government intends to implement a duty and excise tax exemption on the importation of

2y WadzaldlAylroftS FdzSftaQx | a

[ € JSKAOf Sa
conventional vehicles.

Market incentives designed to overcome tbest barriers associated with electric vehicles, such as the
preferential standing under the tax code observe®arbadoscould be a valuable tool for encouraging

2 LISNF G Ay 3

the development of domestic markets for these vehicles. Governments can set a strongesaup
have a powerful impact on encouraging change in the transportation sector by transitioning their own
fleets to alternative fuel vehicles. In Trinidad and Tobago, 100 newgoN€&red buses are scheduled

to be added to the fleet in 2013, and some 3@6re will be converted from diesel. Although CNG may

not be the appropriate choice for all CARICOM member states, when purchasing new vehicles for their
public fleets governments throughout the region should look to invest in electric vehicles or other
alternative-fuel vehicles where possible, and support the initial development of charging and refueling

stations

4.2:4"Policy Effectiveness

Although a policy may officially exist, its impact depends on its design and the way in which it is
implemented.Thefailure to implement enacted policies, to apply them universally, or to honor the
terms of existing policy measures may result in impacts directly opposed to what was originally
intended. Renewables are already seen by many as a risky investmentjsfabimbined with a lack of
long-term certainty and trust in the policy environment of a specific country, it is highly likely that
investors and project developers will look to alternative markets that present rsecerre policy and
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market conditions. This not an issue unique to CARICOM. In Europe, cuts to FITs and other incentives,
the most damaging of which are being applied retroactively, are proving costly to numerous companies
and have the potential to erode confidence in what has been one of th& esiablished renewable

energy markets worldwide.

4.3 Existing Governance and Administrative Structures

There are numerous examples across the CARICOM region and around the world of cases in which
renewable energy support policies, although wealkidined, failed because they were not supported by

effective governance and administrative structures. Thege be either an important enabler to the

increased deployment fustainable energgr a critical barrier tats growth. Unfortunately, the latters

often the case. International experience suggests that governance and administrative reforms must play

I OSYdNrf NREtS Ay GKS RS@GSt2LIVSYyd 2F lFye ylFriAz2yQa
characterized by a vast array of agencies and atirestresponsible for various aspects of energy sector
governance. (See Tahl8)

A variety of institutional challenges persist in CARICOM. Althoughatmovernment agencies often

compete for limited public resources, the energy sectors in many CARW@&DMer states could benefit
substantially from additional resources provided at the national level. Because energy issues affect such
a broad range of sectors, a multitude of government agencies with overlapping (and sometimes
opposing) mandates and prities are typically involved in various aspects of energy planning and
regulation.Likewise, due to their wideanging and crossectoral responsibilities, many government

officials lack the detailed knowledge of renewable energy technologies and suppohiamisms

required to identify and design the most effective policy mix.

Few CARICOM member states have significant capacity dedicated exclusively to energy issues, often
making it difficult to coordinate with-other government officials and to provide sipdated information
necessary for renewable energy planning. Given the extensive and continuous monitoring required to
keep all national regulations up to date and most efficient, this can pose a significant barrier to

renewable energy policy developmerih other cases, dedicated ministries and committees lack the
capacity to fulfill their mandate, rendering the institutional structure that exists on paper largely
meaninglessGiven their small size and in some cases limited institutional and finaapiatity, several
CARICOM member states struggle to collect and track important data sets. Even in cases where data and
information are collected and made publicly available, they can be challenging to access. Few ministries
responsible for energy issuesvea Web presence, making it difficult for stakeholders and researchers

to access critical information. Responsibility for identifying, tracking, and analyzing key data and trends
related to the Caribbean energy sector is often fragmented or undefined|tieg in widespread gaps in

the knowledge base required to assess, develop, and revise components of national energy planning and
to attract private developers. CIPORE was developed to collect and provide information on regional
renewable energy developnmé but it faces ongoing challenges related to limited financial resources

and capacity.

The governance of electricity services remains a significant challenge as well. Most CARICOM member
states have a single utility with monopoly control over electrittiiynsmission and distribution, and
sometimes generation. This presents many potential issues for consumers, including higher electricity
prices, and hinders the deployment of renewable technologies by contributing to utility resistance
against measureslalving consumers to connect distributed renewable energy systems and sell power
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to the grid. Such challenges are further compounded in member states without an independent
regulatory agency.
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Table B. Institutional and Governance Struate of the Energy Sector i@BARICONViember States

Ministry Designated Institution Regulator Utility State- Privately
for Renewable Energy Owned Owned
Antigua and Ministry of Public Works and the Energy Desk, Office of APUA
Barbuda Environment the Prime Minister
The Bahamas Ministry of the Environment Utilities Regulation | Bahamas X X
and Competition Electricity Corp. (BEC) (GBPC)
Authority and Grand Bahama
Power Corp.
Barbados Ministry of Finance, EconomidAffairs, Renewable Energy and | Fair Trading Barbados Light X
and Energy Energy Conservation Commission and Power
Unit within the
responsible Ministry
Belize Ministry of Energy, Science & Public Utilities Belize Electricity X
Technology, and Public Utilities Commission Ltd.
Dominica Ministry of Public Utilities, Energy, Ports, | Energy Unit within the Independent DOMLEC X
and the Public Service responsible Ministry Regulatory
Commission
Grenada Ministry of Finance, Planning, Economy, GRENLEC X
Energy &Cooperatives
Guyana Ministry of Natural Resources and the Guyana Energy Agency | Public Utilities Guyana Power and X
Environment Commission Light
Haiti Ministry of Energy EDH X
Jamaica Ministry of Science, Technology, Energy | Centre of Excellence for | Office of Utilities JPS X
and Mining (MSTEM) Sustainable Energy Regulation
Developments (CESED)
Montserrat Ministry of Communication, Works and Montserrat
Labor (Energy Development Committee) Utilities Ltd.
St. Kitts and Nevis Ministry of Public Works, Housing, Public Utilities SKELEC & NEVLE(C X
Energy and Utilities(St. Kitts)\ Ministry Commission
of Communications, Utilities, Posts,
Planning, Natural Resources and
Environment (Nevis)
St. Lucia Ministry of Sustainable Development, Energy Policy Advisory | Ministry of Public LUCELEC X
Energy, Science and Technology Committee Utilities (public/
private)
St. Vincent and the Ministry of Energy Energy Unit VINLEC X
Grenadines
Suriname Ministry of Natural Resources Energy Unit of the Energie Bedrijven X
Ministry of Natural Suriname (EBS)
Resources
Trinidad and Ministry of Energy and Energy Affairs; Renewable Energy Regulated T&TEC X
Tobago Ministry of Public Utilities Committee Industries Comm.
© Worldwatch
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Energygovernance throughout the region is also commonly characterized by excessive permitting and
regulatory requirements. Although regulation and permitting are critical for ensuring successful
implementation while minimizing any negative impacts associateld privject deployment, overly
onerous processes often create disincentives for renewable energy project development, even in places
with strong resource potential and favorable market conditions. Long and complicated permitting
processes lengthen projectdd time and add additional soft costs to project implementation. An
example from one CARICOM member state illustrates problems typical throughout the.riedghmn

O 2 dzy Natidn& Bnergy Policthe Ministry citestime-consuming administrative procedes as a

major barrier torenewable energproject development!®> Complex permitting requirements for small
hydro capacity additions, for example, burden renewable energy project developers in the gountry
resulting in significant risk and expense, and disaging developers and investors from undertaking
renewable energy projects® (See Figurg?.)
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Figure27. Observed Permitting Processes for Adding Small Hydro Capacity (100 kW to 25 MW) in a

CARICOM Member State

Effectivegovernance is further complicated by the number of actors involved in regional energy issues.
Many disparate national, regional and international initiatives have operated or are currently active in
the Caribbean. Key players including GIZ/CREDP, SIDSTa®aKwWar Room, OLADE, and ECh#@
ongoing energy sector initiatives across the region, while other organizations, such as the Clinton
Foundation, continue to support key projects in specific countries. The number of projects and initiatives
operating across all 15 member states makes coordination difficult, and can result in needless
duplication of effort. To ensure the most effective and efficient use of limited resources and the sharing
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of critical knowledge, the CARICOM Secretariat should play eole in organizing, supporting, and
coordinating this ongoing work. Lessons learned in these initiatives can contribute significantly to the
further development of regional and national energy strategies and concrete policy mechanisms.

5 Setting CARCOM Targets for Renewable Energy , Energy Efficiency
and Emissions Reductions

5.1 Setting Regional Energy Targets Worldwide

Global studies have used a wide range of scenarios to estimate the potential future contributions of
renewable energy to the eneygmix*'’ (See Tablel4.) Despite their differences, these scenarios
underscore the potential for renewable energy technologies to have a significant impact on a number of
critical sectors over the coming decades.

Table 14. Global Renewable Ener§genarios

Potential Organization Source
100% by 2050 WWF/Ecofys The Energy Report
By 2035: IEA World Energy Outlook 2012
I 48% of electricity generation (450 Scenario)

1 19% of heat demand
1 14% of transport

Electricity Greenpeace/GWEC/EREC Energy [R]evolution 2012
A 37% by 2020, 61% by 2030, 94% by
2050
Heat
A 50% by 2030 90% by 2050
50% of primary energy by 2030 Worldwatch/REEEP Renewable Revolution: Low
Carbon Energy by 2030
© Worldwatch

Worldwide,severalinitiatives and regional organizations have developed targets for renewable energy

YR SySNHE& STFAOASYyOed ¢KS ! yAGUSR bl iA2yaQ {dadl A
work toward three critical goalelatedto energyaccessenergy dficiency, andthe share of

renewables.**® The European Union has setregionwide target of20 percent renewableby 2020 to

be met through binding countegpecific commitments rangiff N2 Y { 6 SRSy Qa G NBSG 27
Hnun G2 al {16 geceat byRD28AISWestAffica, the Z5member Economic Community

of West African States (ECOWASdmmmitted to a Renewable Energy Policy (EREP) that includes

targets for both ornand oftgrid renewable energy applications and renewable fuels used akstitsite

for gasoline, diesel, and fueil.'*° AndSIDS DOCK, which has particular relevance for CARI@®ler

states has set variety oftargets for smalisland states? (See Tabld5.)
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Tablel5. Renewable Energy and Energy Efficiency TargeRegfional Associations and Organizations

Worldwide
Organization Target/Goal Countries Covered
Sustainable 1 Ensure universal access to modern energy services; Global
Energy for Al f Double the global rate of improvement in energy
efficiency;
1 Double the share ofenewables in the global energymix
SIDS DOCK 9 Obtain50% of power generation from low-carbon sources| 30 smalkisland states
by 2033;
1 Reduce petroleum use in transportation 2@30% by 2033,
1 Increase energy efficienc25% by 2033

European Union 1 Obtain 20% of final energy consumption from renewable | EU-27
by 2020;

1 Increase energy efficiency20% by 2020;

1 Usel0% biofuels in transportation by 2020
Economic Grid -connected Benin, Burkina Faso, Cape Verde
Community of | Share of peak load in capacitiexcluding medium and #EOA Ad) Ol EOAn
West African large hydro): 10% by 2020, 19% by 2030 Guinea, Guinea Bissau, Liberia,
States (ECOWAS)| { Share of peak load in capacity (including medium and Mali, Niger, Nigeria, Senegal,

large hydro): 35% by 2020, 48% by 2030 Sierra Leone, Togo
1 Share of generation (excluding medium and large hydro):
5% by 2020, 12% by 2030
1 Share of generation (irtluding medium and large hydro):
23% by 2020, 31% by 2030
Off-grid applications
1 Share of rural population served fronrenewable energy
22% by 2020, 25% by 2030
Biofuels
1 Ethanol as share of gsoline consumption: 5% by 2020,
15% by 2030
1 Biodiesel as shareof diesel and fueloil consumption: 5%
by 2020, 10% by 2030

© Worldwatch

5.2 Recommended Renewable Power Targets for CARICOM
5.2.1 Renewable Power Targets Agreed Upon by COTED

On March 1, 2013, at the 4i.Special Meeting of th€ouncilon Trade and Economic Development
(COTED) on Energy in PoftSpain, Trinidad and Tobago, CARICOM member states took a critical step
forward in defining their common vision for renewable energy development. In addition to passing the
CARICOM Draft EnerBylicy energy ninistersof the CARICOM member states adoptedional

targets for the share of renewaldén/ ! wL / dlemtardy mix by 2017, 2022, and 2027.

5.2.2 _Methodology

CARICOMNMember statesexhibit enormous potential for rapid and extensive d®mpment of renewable
energy resources including biomass, geothermal, hydro, solar, and wind. In many member states, if
these resources were developed to their full potentials, renewables could account for 100 percent of
both current and projected power pduction within a relatively short timeframe. Given the role of
targets in establishing a vision of what is possible and the fact that specific couraviegarying
capacities to develop certain energy resources, regiosrawablepower targets for CARIOM should

be based largg on assessments oénewable energyotential in each member state.
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Figure 28 Methodology for Recommending Renewable Power Capacity Targets

To advise CARICOM on developing renewable energy target/dtdwatchinstitute has developed a
methodology thatsets an overall regional target basedthe availabledocumented technical resource
potential in member statedt then works backward to assign individual shares of that regional target to
specificmember statedased on a combination of countspecific resource assessments and existing
renewable energy targets. Based on a cumulative assessment of +@glemenewable energy
potential, the analysis concludes th&tARICOM may set overall regionallg@d28 percentrenewable
power capacity by 2022 amtV percentby 2027 (See Tablé6.)

Table B. Proposed Renewable Energy Targets for the CARICOM Region

Horizon Target Year CARICOM Targets
(Contribution of renewable energy to overall installed
generating @pacity)

Short Term (5 years) 2017 20%
Medium Term (10 years) 2022 28%
Long Term (15 years) 2027 47%

Base Year 2012: Share ofrenewable energyin electricity generation is 7.6%

© Worldwatch

In this methodology, the regional targetse based on estimates ofationalrenewable energy
potential, taken from a variety of sources and studies and compared to projected capacity needs
calculated to 2030% Because the characteristics of a givenewable technology determine the ways it
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can be usedthe Worldwatchmethodology distinguishebetween baseload and intermittemenewable
energysources.

1 Baseloadenewable energysources Within CARICOMenewable energgourceshat can provide
baseloadgeneration include biomass, biogas, geothermal, and hifdsaseload power stations
typically operate relatively continuously at high capacity factors. It is generally more economical to
operate these generators at constant levels than to adjust produdtianatch consumption, and
generallythe facilitiesare shut dowronlyfor planned or forced maintenance periods.

1 Intermittent renewable energysources By contrast, intermittentenewable energgourcessuch as
wind and solar PV produce power more valyaénd operate at significantly lower capacity factors.
These sources can be used in decentralized generation, or by injecting power- into the grid. As the
share of intermittent supply increases, however, so do the cost and complexity of managing supply
andmaintaining stability.

Targets are based on energy balance projections developed urueiressasusualscenario to assess

the total energy and installed capacity needs of the region in the given years. (See AnGexcA the
relatively short timefrane granted for the 2017 targets, they assume tt&tewable energprojects

currently in the pipeline and scheduled to be completed before 2017 are brought online as scheduled.
Those capacity additions are then added to existing capacity, and calculadeshage of the total. The

2022 targets assume some degree of progression toward the final 2027 target, based on the specifics of
the particularrenewable energyesource being used, as well as what share renewables already
O2YLINR &S 27 (l&dSapécydayyatdce 2027reprabeniiah ihcrease oveusinessas
usualscenarios for each country within the region. These targets represent a more ambitious strategy to
make use of the tremendous exploitalilenewable energyesourcesavailable

5.2.3 Suggesting Country -Specific Targets

Based on theelectedregional targets 028 percentby 2022and48 percentby 2027 Worldwatch then
developedpreliminary member statespecific targetdor renewable penetrationreflectinga combined
analysis ofndividual assessments of availabémewable energypaseload potential, viable additions of
intermittent renewableenergyresources, and existing country godBee Tabld7.) It is expected,

however, that member statespecific targets will be discussed and assessed within CARICOM, and that
final national efforts will reflect this internal debate.

To achieve these targets, ea@ARICOMtate will need to makesignificant gaingn renewable
penetration. For mansgtates thiswill require strengthening existingationaltargets and strivingo
integrate a greater share of renewaldénto the energy mixAlthough existingnationaltargets and
CARICOM regional targets are not diecomparable due to methodological differences, the existing
targets do provide a general picture of the ambitiiat many CARICOBateshave shown in
renewable energylanning at the national level.

" The initial targets presented to COTED counted only geothermal and hydro as baseload renewable energy
sources. This can be adjusted according to feedback received from member states
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Table I7. Redefining National Renewable Engrgargetdin CARICOM Member States

Existing Renewable Electricity

Estimated National
Renewable Share of

Estimated Renewable
Energy Share of

Country Targets Installed Capacity to Meet Generation in 2027
Regional Target of 48% by (based on installedcapacity
2027 target)

Antigua and 5% by 2015 51% 64%
Barbuda 10% by 2020

15% by 2030
The Bahamas 15% by 2020 55% 53%

30% by 2030
Barbados 29% increaseby 2029 67% 55%
Belize 76% 85%
Dominica 25% by 2010 56% 100%

100% through the addition of
geothermal
Grenada 10% by 2013 (Grenada) 70% 100%
20% by 2017 (Grenada)
40% by 2011 (Carriacou and
Petite Martinique)

100% by 2030

Guyana 90% through hydro development 84% 90%
Install 15,000 solar home systems

Haiti 46% 52%
Jamaica 20% by 2030 40%
Montserrat 34% 100%
St. Kitts and St. Kitts: 57% St Kitts: 100%
Nevisv Nevis: 67% Nevis: 100%
St. Lucia 5% by 2013 69% 100%

15% by 2015

30% by 2020
St. Vincent and 30% by 2015 59% 81%
the Grenadines 60% by 2020
Suriname 52% 60%
Trinidad and 5% of peakdemand (or 60 MW) by 52% 29%
Tobago 2020

© Worldwatch

The developed scenarios would necessitate an expansion of total povaeiotal renewable power
capacity over the given yeaBased on Worldwatch calculationg; B027, theseumulativefigures
would bel1,693 MW and 5,613 MWespectively.

5.2:4 ) Advantages

This approach results in bold overall targets that would make CARICOM one of the most ambitious
regions worldwide in sustainable energy development, especially in thedomg(by 2027). Such
targetsproduce a powerful longerm vision that makes significargnewable energgapacity a central

pillar of energy planning and overall development strategy in each member state, and in the region as a
whole.Renewable energyechnologies often face resistamérom those who believe that available

¥ St. Kitts installed capacity and generation figures included impaéadhermal power from Nevis
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