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FOREWORD

Before setting out to prepare this National Energy Policy Framework, we sat down with
the original sponsors- Minister of Public Utilities at the time, Honorable Melvin Hulse,
and his CEOColonelGeorgeLovell - to understand what particular expectationsthey
had beyond the stipulations of the TORIt became clear to us that what was requiredy
them was a document that pointed the way to an efficient energy sector within the
context of BeE U A 6ti€ulabsthegths and constraints The Minister and his CEO were
insistent that our recommendations should be practicalactionableAT A  Og hbwAcAd 6
we best use our indigenousesources to achieve our objectives. Furthermore, they
emphasizedthe need for us to establish national priorities given financing constraints
and come up with ways to reverse the trend of thencreasingforeign exchangeoutflows
that is normally associated with the energy sector especially in these times of rising oil

prices.

This documentseeks to fulfill the wishes of theGovernment, as well as therequirements
of the more detailedterms of reference.lt is geared towards two main audiences:
policy-makers and decision-makers, specifically Ministers of Government, CEOsand
business leaders, whose full participation and support will be crucial to making
these policies and plans work . We have tried to present a document that will be
immediately useful and actionablez and not another report destined to be shelved and

usedmainly as a reference for even more reports.
Some further explanations andcaveas:

A The format of this Report does not adhere strictly to the Draft National Energy Policy
Framework disseminated by the CARICOM Secretaridlte have for instance,
intention ally refrained from presenting generalsituational analysistype data and
information describing the economy, geography and other aspects of Belize that have
already beenwell documented andrepeated countless times in so mangther

reports.

Moreover, we have also generally shied away frordoing any in-depth analysis of the
strengths, weaknesses and peculiarities of the various institutional structures that
currently govern and regulate the various sh-sectors of the energy sectorrhough
understanding howthese work is critical to final policy formulation, we decided
instead on what we believe isa morefoundational approach:focusingmainly on
understanding the current energy supply and demandsituation in Belize;assessing
the energy supply-side and demandside options we have at hand; or will soon have
Z to solve the problems that face usow and in the future; proposinga least cost
plan(s) for achieving our objectivesin the form of asequenced roltout of the most
cost-effective of these options and finaly recommendingpolicies that can be
implemented to stimulate and guide actionalong thepath of the least cost plan(s)it
is our hope thatthis emphasisonOx EAOQO ARR RDAEAO infieatl @1 A AAS

(
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O x E Addd vih@lisT T @i engage policymakers and engendeforward -looking

and innovative policy decisionr-making and action in the energy sectar

A Secondly, here is aparticular emphasison numbers and financial analyse# this
Report. There are two main reasors for this focus so that policy makers reading this
document are able to understand what perspective was taken when making our
policy recommendationsand what assumptions were madeand in any event to

provide and document a methodological framework for futureaeference.

Consequently, he meticulous reader might probably be surprised at the number of

OAOOOI b OE InthéfimandiahahalyseBlone throughout the document There

AOA Ox1 EETAO 1T £ OOAE OAOOOI POET T 06qg AOOEI A
estimates of a future condition. For the former, these estimates are, for the most part,

backedup by previous studies or findings that are appropriately cited in the

document. For the latter, these estimates are presented as goals or objectives and

should be interpreted in the context of avhat-if analysis. Therefore, the numerous

OAOOOI POET 1 uderminé or waker dowinlihe factual foundation of the

analyses. Even so, where estimates of a past or present condition are not substantially
supported, these should be regardedasdata shortcomings that point to the need for

further research and study in the specific area.

A We have also been particularly concerned about ensuring that the solutions that we

DOl BT OA 1T AEA OAT OA x E Oa&véd as thukh a& pbasbl®faling T OA B Oh
into the trap of proffering ideas that are driven by specialnterest agendas and

popular hype with weak supporting bases. For this reasoms earlier mentioned,our

specific recommendations are as much as possible undenpied by analyses that are

based on available scientific data and facts (or at least our best estimates and

assumptions of what the facts are).

A Finally, we are well aware thaienergy policy formulation shouldas much as
practicable be based on pertinent da& and facts otherwise recommendationsmay
well end up altogether irrelevant or z worse - lead to counterproductive action. The
major challenge we faced in preparing these policy recommendations was

getting relevant and reliable data , especially withregard to the current state of the
energy sector and given the time constraints and scope of the studin many cases,

data and information on local activities were simply not available

We decided very earlyon that this would not deter us from performin g the
supporting analysesz and so establishing a methodological framework that are so
critical to policy-making. Where data on local activities were not available, we opted
to extrapolate from years with more reliable data, ouseregional or international
averages or benchmark data or what we fewere reasonable assumptionson the
premise that theywould be updated withmore accuratedata in future iterations of

the National Energy Policy.
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If there is one last point we wish to reiterate therefore, iis this: With this Energy
Policy Document, the Government of Belize has now takerfirst necessary and bold
stepto guide the development of the energy sector alongpath of efficiency,
sustainability and resilience. The number one priority at this junc ture must now
be to build a vast compendium of continuously -updated data, technical
knowledge and analytical tools needed to support policy -making for this sector.
For it is only when we havethe correct data and thefactsin hand are we able tanake

the sound decisions thatlead totargeted, timely and efficient action!

Ambrose Tillett, Team Leader
Jeffrey Locke

John Mencias
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INTRODUCTION

af | am asked today what is the most important issue for g lobal
security and development - the issue with the highest potential for
solutions , but also for serious problems if we do n ot act in the right

way - it is Energy and Climate Change.6

Jose Manuel Barroso, President of the European Commission (EC), Opening

Speechat World Energy Congredseld in Rome, Italy on November 2007

Background

At the start of the seconddecade of the 2%t Century, Belize finds itself in midst of the
throes of alooming global energy crisis. As economies around the world grow and
consume energy at eveincreasing rates, traditional sources are drying up; as political
and economic hotspots flare up and cool down, waves of oil price shocks and market
uncertainty are felt around the globe;and as we burn more fossil fuels to maintaiur

I EEZAAOOUI Abh OEA OAIi PAOAOOOA T &£ OEA AAOOEBSO A
levels.

How canwe make the most of the energy resources available to us to serve our
economic and social needs in the present and in the foreseeable futae costefficiently
as practicable while simultaneously mitigating the ravages of energy price volatility and
the environmentally-damaging effects of fossil fuel use? Whaart can we play toensure
that future generations are not relegated to diminished lifestyle or even mass calamity
because of the way we harness and use energy ndwit that they are instead
bequeathed stable supplies of efficient and clean energWhat opportunities can we
forge from our unique circumstancesas a relatively energy abundant coutny in the
midst of burgeoning demand all around us in the Central American mainlandPhe short
answer is that we must transition to a path officient and sustainab le energy, and
build resilience within our energy supply chains) AU OOET ¢ OAZEZEAAOEOA 00
bil EAU A£OAI Axi OEOd 8

The purpose of this documentherefore is to presentadraft National Energy Policy
Framework (NEPF)that puts Belize ona path to energy efficiency, sustainability and
resilience over the next 3 years. This is, strictly speaking, not a policy document; but
rather a document thatprovides policy recommendationsto policy-makers and
decision-makers, and z where appropriate - discusses the pros and cons of various
policy instruments that can be used t@chieve policy objectiveslt is therefore a
suggested roadmap of wherg and how fast- we need to go, how we can get there and

what it will take for us to get there.

4
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Study Approach

The approach takenn formulating this draft NEPF comprised ofix main activities:

1) Assessing thanajor factors driving energy policymaking in the 21st Century. This is

done in Chapter 1

2) Carrying out abrief overview of the main trends and players that are currently
impacting and that may continue to impact theylobal andregional energy market,
followed by afairlyin-AADOE AT AT UOEO 1T £ OEA AOOOAT O OO0OA
terms of the inter-relationships between supply and demand, the cost of energy, and
the related GHG emissias of the different subsectors.Theresults of this andysis are

presented in Chapter.2

3) Conducting a comprehensivassessment of the rain supply options,both
indigenous and external to Belizeavailable now and in the near futurgo meetour

energy needsThis is documented in Chapt&t

4) Analyzingvarious end-use efficiencyand conservationmeasures that can be put in

place to reducelocal demand for energy This analysis is presented in Chapter 4

z A X £ oA

5) Developinggoals andDOOAOACEA T AEAAOGEOAO mmulatindl EUAG O
and evaluating various plans for meetingthesestrategic energy objectivesand
which utilize, to varying extents, the supply options and endise efficiency measures

referred to above This is documented in Chapter 5

6) Recommendng specific policies for ensuringthe realization of theoptimal energy
plan (from above) whichbest achieves the proposed strategic objectivesver the
planning horizon, as well aggeneralpolicies and a supporting organizational
framework for administering and guiding the development othe energy secbr as a

whole in line with these strategic objectivesThese are presented in Chapter 6

Main Study Outputs

There arefour main outputs of this study:
A Proposed Goals and Strategies £1 O " A1 EUA8 O wl AocUu 3AAOQI O

A Three O) T A E AEAe€yiz Biah $for achieving theproposed goals following the
direction of the proposed strateges. Theseplans, among other thingsresult in lower
energy costsfor Belize over the next 30 yearsandreflect the state of he art and
technology trendsaround the world and how these intersect with our unique

circumstances

A Policy Recommendation s designedto give life to the plans or subsequent iterations
of or updates to these plansind generally to guidethe development of the energy
sector as a whole Thesepolicy recommendationsare alsoinformed by the analyses

of the supply options and demaneside measures available to Belize as well dise
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policies anddocumented experienceg both successful and failed in other

developing and developed countries

A AProposed Organizational F ramework for implementing the policy
OAAT I 1 AT AAOET T O AT A AAI ET EOOAOET ¢ OEA AAOGAI

general.

Next Steps

The original draft of this documentwas disseminated to therelevant Government
authorities and variousenergy stakeholdersfor their review, input, correction, and
discussion. The final draft incorporatedhe ideas and inputs received from those
consultations: It was endorsed by the Cabinet in February of this yedsovernment is
now setting up the requisite institutional structures, preparing to enact the necessary

legislations, and taking the necessary steps to put these policies into effect

4EEO AOOOAT O AT AOIi AT O EO AT ODPAAOAA OAOOEII
endorsed by the Cabinet . Updates were done to some of the data, discussions and
presentations in light of new or more current data and information. None of the

proposed policies have been changedto any substantive extent from what was

presented to the Government in the Final Version.
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1 WHY ENERGY POLICY MA'ERS

Energy is an indispensable ingredient for growth, prosperity and social equity within

and across nations. Statistics show that, as a general rule in developing countries and
emerging economies, people who have access to moddéorms of energy, such as
electricity, also have access to better economic opportunities, better health care
OAOOEAAOKh AT A AAOOWaIdBnargyAnsighE2D1680 AMCERRO 47 vewsl A O C
services have a profound effect on productivity, health, edation, safe water, and
communication services. Therefore, it is no surprise that access to energy has a strong
correlation to social and economic development indices (e.g. Human Development

Index, life expectancy at birth, infant mortality rate, maternal rortality, and GDP per
AAPEOARh O TAIT A EOOO A EAxQs8o

The cost of energy to society is significant, however. Energy production and distribution
processes consume resources, incur losses (of energy), and can cause harm and damage
to peoplez usually, the mos vulnerable populations - and the environment. In

particular, some of these processes use large amounts of natural resourgassually,

land and waterz causing the displacement of people, flora and fauna. Moreover, energy
supply processes are often highlgependent on critical inputs that have to be sourced

from foreign suppliers or that may be in scarce supply; thus rendering the sector, and by
extension, the economy more vulnerable to external price shocks and supply

disruptions.

Energy policymakers aimto balance the incurrence of these costs, losses and
environmental damage with the achievement of national goals for economic growth and
long-term prosperity, security, poverty reduction and social equity The emerging
consensus is that, in order to do his, the national energy sector as a whole must be

efficient , sustainab le andresilien t.

Energy Efficiency

The term energy efficiencyas traditionally beenused within a narrow context.In the
past, energy efficiency meant supphgide energy efficiency: he efficiency of converting
unit of input energy into useful energy. Nowadayghe energy efficiencyfocus has moved
to the opposite side of the spectrumend-use energy efficiency. However, energy
efficiency is best understood and measured- from the perspective ofan entire energy

supply chainor the entire energy sector

Figure 1.1 below provides a schematic overview of a typical energy supply chain: that is,

how energy is processed from its natural (primary) forms into eneuse energy.The

2This is the consensus reached by us (the authors of the NEP) after studying the myriad viewpoints

gleaned from the current literature on the topic of energy.
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national energy sector is comprised of many, intersecting and overlapping individual

energy supply chains that serve the energy needs of all the various ende sub-sectors.

PRIMARY ENERGY

Costs
Fossil Fuels
Renewable Energy Losses
Capture &
Conversion
SECONDARY ENERGY Environmental
Refined Petroleum Damage
Products
Bio-fuels Costs
Electricity Loszes

Distribution

Environmental
Damage

ENERGY END-USES Losses
Transportation

Industrial
Residential
Commercial

Conversion

Environmental
Damage

Costs

Figure 1.1: Processes, Inputs and Outputs of the Energy Supply Chain3

Primary energy refers to energy (or fuel) in its unprocessed natural form: oil deposits, natural gas fields,

sunlight, wind, flowing water (hydro). Secondary energy is energy that has been extracted from primary

energy sources for example, electicity and gasoline- and that will be converted into useful energy.

3AATT AAOU AT AOcU &I O0i 6 AOA A1 01 OAEAOOAA O1 AOG Al Aodocu
primary source to the final end usersEnd-use energy or useful energy is the work doneby the engine of

a vehicle or the heat which cooks a meal or the illumination from a light source.

There are three main processes in each individual energy supply chain: primary energy

capture and conversion into secondary energy form; distribution and delery of the

secondary energy to the point where it will be consumed; and finally conversion of the

OAATT AAOU AT Aocu ET O OOAEOI AT AOcus 50ET C A
primary energy form) are cultivated, harvested and then processed inlacal factory into

biofuel such as bioethanol or biodiesel (the secondary energy form). The biofuel is then
transported in tankers from the factory into storage tanks at a main depot where it is

stored, before being moved from the main depot to storage &s at a filling station; and

OEAT AAI EOAOAA mEOI I OEA EEITEIC OOAOEIT EIOI

3 Adapted from (Evans, 2009)
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combustion engine of the car converts the biofuel into mechanical power (useful energy)

that propels it along.

Each of the processes in thenergy supply chain consumes resources (giving rise to
costs), incurs losses (of energy), and causes damage to the environment, while
contributing to the production of energy that ultimately drives economic growth and

long-term prosperity.

Beyond Tradition al Supply-Side Efficiency

As mentioned earlier, n the past, energy policymakers have focused on improving the
efficiency of the individual processes of a specific energy suppdpain, particularly the
primary -to-secondary conversion processesHowever,pursuing energy efficiency in this
way leads to suboptimal results for the energy sector as a whole. Energy efficiency
improvements must be pursued in a holistic, coordinated manneirom primary fuel
extraction or importation right through to end use. Forinstance,it is probably better to
invest a given amount of money to improve the average energy efficiency of electricity
end-use devices such as lights, refrigerators, A/Cs, motors, and appliances (that together
consume say 80% of electricity supply) by 0%, than to use the same amount of money
to undertake projects that improve the efficiency of transmission and distribution lines
by only 10%. Likewise,it makes little sense tofocus allinvestment in long-term projects
for improving crop yields for the production of ethanol that will be used as vehicle fuel,
if the most economic plan is to transform the entire vehicle fleet to electric. In such a
case substantial efforts should be concentrated on making the electricity production

and distribution processes more efficientas well.

Energy Recoverability

An oft-overlooked abundant source of energy is th® x A O O Atldat bEcAMe®

immediately available as we converfuelsinto useful energy form. Waste heat is the

most abundant ofuseful energy forms becausen average it accounts foabout 60% of

the output of all energy conversion processes. With proper planning, coordination and

focus, waste heag x EAT OEAxAA AO O 0oduhbe @hdpAshirck of AT AOCUOG
energy for use in the same process that gendss it or it can be transferred to other

parts of the system where it can be used by other processes.

Combined cycle gas turbines, egeneration plants and A/Cs with heat recovery are
prime examples of systems that harness recoverable energy thus improviogerall

process (or system) efficiency

a) Gas turbines generate electricityrom the combustion of fuel In single cycle gas
turbines, the heat that is released during the combustion process is simpigjected
into the atmospherethrough an exhaust system In combined cycle gas turbines, the
heat is capturedinstead and used to produce steam that in turn drives a stea

turbine to generate additional electricity. In this way the overall process efficiary is

(
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boosted to as high as 60%significantly higher than that of single cycle turbines, with

efficiencies in the region of 3545%.

b) Cogeneration plants, which are usually found in sugar processing factoriesperate
on a similar principle to combined cycle gas turbines. Most configurations use a
steam turbine to generate electricity. The low pressure exhaust steans then
captured and usedn the evaporationand boiling processes of sugar production Of
course, cegeneration plants go a step further and use the waste (bagasse) remaining
from sugar cane proessing to fire the boilers used to make the steam that drive the

steam turbines in the first place.

c) Most A/C systems are designed to simply extract heat from the room or building to
be cooled and reject it into the atmosphere. A/Cs with heat recovery roetthis heat
into hot water tanks instead of rejecting it into the atmosphere; saving on energy

that would have had to be generated separately just to heat water.

These systemall use the energy that would have ordinarily been lost as waste heat
thus improving overall system efficiency and reducing the demand for the additional
energyz now being sourced from waste heat that would have had to be found to fuel

the process itself and/or the otherprocesses.

Economic versus Technical Efficiency

Energy effidency is also not only about the amount of secondary energy produceer
unit of primary fuel input (technical efficiency). The fuel itself is only one aspect of the
inputs: the capital and the O&M costs of the equipment used to convert the fuel to
seconday energy must also be fully taken into considerationin fact, or some
renewable energy sources such asind energy, there are no fuel inputs: the capital and
O&M costs of the wind plant are the only cost input§ hus,the true indicator of the

efficiency of a processg one that considers all the inputs is its economic efficiency

From the perspective of the national energy sectoeconomicenergy efficiencyshould
ideally be measured ashe sum of the pesent value of the energy used for all endse
purposesdivided by the sum ofthe present value ofthe costs ofall the inputs z fuels,
materials, equipment, labor etc: into the energy production and distribution (inc. useful
energy conversion) processeslherefore, gven two different plans that both suffice all
end-userequirements, the plan that costs lessn apresent value basis the more
efficient one.For Belize, which must import almost all the energy conversion equipment
needed to produce secondary energy and useful energy, viewing enerdfic@ency from
this perspective is an imperative that cannot be undeestimated: using a more narrow
definition that considers only the primary energy inputs (e.g. fuels) may lead to over
focusing on and thus improvement in technical efficiency, but at thexpense of
increased quantities and/or costs of the other inputs, wikch could ultimately result in no

improvement or even a reduction in overall economic efficiency.

10
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Economies of Scale

Energy production and distribution is a capitalintensive undertaking,and unit supply
costs fall significantly the greaterthe energy demandThis occurs for two main reasons:
Firstly, as demand grows larger production and distribution equipment can be utilized
and,asa general rule, the larger theequipment, the lower i its unit manufacturing cost
and unit O&M cost Secondly, unit fixed costs of supplying energy will decrease, since
total fixed costs are then spread across a largeemandbase. The fact of having a low
population base dispersed in pockets across a relaely large land area coupled with a
low-energy intensive industrial base has in fact been a major structural issue impeding

cost reductions in the energy sector in Belize.

Capacity Utilization

Unit costs also fall as capacity utilization increases. Energjanners, particularly in the
electricity industry, are therefore alwaysconcerned with sizing equipment for maximum
lifetime utilization: the smaller the size, the greater the chance of full utilization; but, this
has to beweighed against the higher petunit capital and O&M costof smaller
equipment asdiscussed aboveThis is an important consideration especially when the
supply mix consists of natural resourcedriven variable output generators such as wind
turbines, as the economics of such installains are predicated on full utilization of

output which waxes and wanes with the availability and intensity of the underlying
resource. The ideal situation occurs when demand is so large that equipment capacity

utilization is always near 100% and equipmensize is not a constraint.

Energy Sustainability

~ s A s oA

According to theWorld Economic Counc{WEC), energy® OOAET AAET EOQU | AAT O

provision of energy in such a way that it meets the needs of the present without

AT 1 pOT i EOET ¢ OEA AAEI EOU 1T &£ AOOOOA CAT AOAOEI

Sustainability hence haghree key dimensions: A processor supply chain for a @rticular
energy formis consideredeconomically sustainablé the benefits of the energy it helps

to produce, and other spinoff benefits from its constituent activities that accrue to the
economy as a whole, outweigh the costs incurred over the long ruh is environmentally
sustainableif it causes minimal harm or damage to people and the environment over the
long run. And, it issocially sustainablef it improves - or as a minimum does not degrade
- the living conditions of the poor and others livingon the margins of society, either by
providing them with greater accessibility to and affordability of modern energy forms or

by generating economic activity within their communities.

From the perspective of the entire energy ecosystem, the way wseenergy z that is,
the forms and amountsof energy use- also has equallymportant implications for its

sustainability. Switching to less polluting forms of energy lowers GHG emissions, and so

11
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reduces harm done to people and the environmentThe less energy & use, the less we
need to supply it and the lower are the consequent costs, losses and environmental
damage Beyond this, when we use lesstorable energyin the present, we retain more

for the future.

The link between sustainable energy and climate cha nge

-1 060 T £ OEA x1 01 A0 11 AA iels:Adaldod gnd nafn@l ga8] OOA A A
The burning of fossil fuels- in generators to produce electricity; in vehicles, marie

vessels and airplanedor transport; and in industrial motors z releasesa slew of gases

ET O OEA AAOOEGO AOi 1 OPEAOAY AEEAZEZ AiTT1coO0 O
nitrous oxide.

~ o~ o~ N Z

#AOAT 1T AETI @EAA T AAOOO 1T AOOOCAI T U ET OEA AAOOE
AET OPEAOAGO OOI OAO 1T £ AAOAT T ilfoEchr@ ok anBE T AT OAA
£l OOEI £EOAT AADPT OEOO8 wWAAE AAUuh AAOAT1T AEI QE
biosphere and oceans and out of the biosphere and oceans back into the atmosphere as

part of the natural cycle of life. These flows had been in balee over millions of years

and so the concentration of carbon dioxide in the atmosphere had remained fairly

constant. The flows in and out of the fossil fuel deposits in particular had been negligible

AO OEAOA AOGEI A OP 1 OAO duskibl Revdluticd happ&netd) AW OO 8 O
we started burning fossil fuels.

This meant that the release of carbon dioxide from fossil fuel deposits (when burned)

ET O OEA AOi 1 OPEAOA ET AOAAOGAA AAUTTA OEA TAO
carbon dioxide s sucked up by the oceans; but most remain in the atmosphere. So the
concentration of carbon dioxide in the atmosphere continues to increase as we continue

to burn fossil fuels.In fact, it has been estimated that the carbon dioxideontent of the

atmosphere has risen from 285 ppm to some 390 ppm or as much as 438450 ppm CO2

equivalent, if othergreenhouse gases are includedas a result of luman activity, chiefly

the combustion of fossil fuels, deforestation, agricultural practices and emissions of

particular gases by industry

What do higherthan-normal concentrations of carbon dioxide in the atmosphere mean

for us?GLOBAL WARMING Carbon dioxide and the other green house gases present in

s s oA N = N s e 2 s oA

DAOO T £ EO AAAE O OEA AAOOEGO OOOZAAA8 4EA
in the atmosphere, the more is the radiation that iseflected back to earth. This causes

Al ET AOAAOA E1T OEA OAI bhkiawdenturyhlbne @EA AAOOES
AgAi b1 Ah OEA 1T AAT OAI bA @debtvoeh 0.56% td0LEC.AAOOES O
Scientists predict that, if we continue burning fossil fuels unabated, this temperature will

increase by 35 ©Cabove preindustrial revolution levels before the end of the century.

12
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Though the forecasting models vary climate change prediction is a complex sciencg

OEAU OAT A O ACOAA 11 OEA A 111 xETC OANOGAT AA
temperature increases snow and ice will melt at a higher rate, leading to inundation of

coastal areas and habitats; precipitation eventand stormswill occur more intensely

and more frequently; some plant and animal species will become extinct (also caused by

oceans becomingnore acidic because of increasing carbon dioxide concentrations); and

the reverberating cycle of such events can lead to unprecedented catastrophe on a global
OAAIT A 8 EZ OI i AOEET ¢ EO 11060 AiTA OI 00i p EOA
)T A ¢nmnw 5.3%30 2ADI 00 AEGQEQARA 4GRAKE OO OAT A 4
Robert B. Richardson of Michigan State University predicts thatis a consequence of

global warming,” AT EUA6 O Z£O0OOOA Al Eiyi@der tentperature8, A AEAOA
declining levels of precipitation, increasing comcentrations of carbondioxide in its

coastal waters and more frequent extreme weather eventsggsulting in heat stress,

water stress, loss of important ecosystems including our coral reefs, changes in

agricultural productivity particularly lower yields fr om maize, physical damage from

storms and hurricanes and greater incidence oinfectious diseaseqRichardson, 2009)

These predictions have significant implications for energy demand patterns and supply
infrastructure into th e future: Demand for airconditioning and cooling will increase

with hotter days and nights and more frequent heat waves. The output of hydrelectric

sources will be curtailed as precipitation levels decreas@nd transmission and

distribution lines and other structures, such as wind turbines and rooftop mounted

solar panels will need to be built to more stringent structural standards to withstand

the more intense weather events.

In order to maintain the global temperature increase below ®C and so preent this
sequence of events from occurring andltering life as we know it, world leaders have
finally reached some level of consensus that tiberate action must be taken now to
among other thingsseverely cut back our use of fossil fuels, to actively gage in
reducing or removing altogether the GHG emissions from the fossil fuels that we do
(have to) burn, and even to preactively capture and sequester GHGs already in the

atmosphere due to our actions in the past.

Given the current stage of developmenif the technologies that we have at hand, it is
much more costeffective to direct our efforts to cutting back on our use of fossil fuels
and so cut back on the rate of GHG pollution rather than trying to sequester the
emissions we produce as we burn theror after we burn them. The globally accepted

target is to cut back GHG emissions to at least 50% of 2005 levels by 2050.

The UNFCCC, the Kyoto Protocol and the Clean Development Mechanism

The United Nations Framework Convention on Climate Change (UNFCCC or FCC@,
an international environmental treaty, amongst most countries of the United Nations,

that is aimed at fightingglobal warming . Its stated goal is achievingstabilization of

13
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greenhouse gas concentrations in the atmosphere at a levabt would prevent

dangerous anthropogenic interferace with the climate system.”

The Kyoto Protocol, which came into force in 2005, is a formal and legallyinding
agreement between 191 countris, committing certain members (calledAnnex 1
countries) to reducing their emissions of green house gases by specified target levels
and all members to other related general commitments. The Annex 1 countries may
undertake to reduce their emissions directy or they may use certain innovative

O£ AGEAEI EOU I AAEAT EOI 06 DHPOT OEAAA O1 AAO
i AAEAT E Oicofean DEvelop@é&niMechanism(CDM).

How does the CDM work?

The CDM is cafand-trade emissions reduction mechanism that is set up to operate on the
principle that it is easier to achieve emission reductions itNon-Annex 1 countries, as these
countries will likely have a greater potential to upgrade to more efficient and less polluting forms
of energy generation. Annex 1 countries can therefore meet their emission targets by participating
in clean energy and otler energy-saving projects in NornAnnex 1 countries where the quantum of

emissions reduced per dollar invested will likely be higher.

A project is awarded a nhumber of CER (certifiable emission reduction) credits based on the degree
to which it reduces GHG missions (relative to a predetermined baseline). The CER credits earned
by a particular project are shared between the participating Annex 1 anon-Annex 1 countries

in proportion to the extent of their investments in the project. The Annex 1 country canse its
portion of credits earned to offset its emissions target; the No#nnex 1 country can sell its

portion of credits earned to any Annex 1 country, which can use it to (further) offset its emission

targets. In this way, a number of objectives are a@tved:

A global market- and hence a price for carbon (emissions) is establishedCarbon pollution is
treated as a global commodity that can be traded on international maeis: you purchase the
O OE @pdiwesd 8

Global emissions are reduced (at leaselative to the baseline).

Clean energy technologies are introduced in developing countries, with-4ateral financing

from Annex 1 countries.

Energy Resilience

Energy resiliencet refers to the capacity ofindividual parts of the national energysector
or of the sectoras a whole to bounce back quickly from or absorb shocks arising from
energy price flaring or from disruptions in one or moreenergy supplyprocessesor

chains It is therefore intimately and inextricably linked to both energy efficiency and

4 The notion of Qesilience in energydwas first introduced back in 1982in abook Brittle Power: Energy
Strategy for National Securitypy Amory B. Lovins and L. Hunter Lovinsand more recently championed
though proposing a different strategy- by Andrew Grove, former Chairman and CEO of kitCorp, in a

2008 article in American Magazine
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sustainability: As we supply and use energy more efficiently, we become less dependent

on it and consequently are less affected when disruptions occuimilarly, shifting our
dependence fromforeign fossil fuelto renewable enegy sources result in greater
environmental and social sustainability, but also reduce our vulnerability and hence

boost our resilience- to external price shocks This makes the task for policymakers

easier. These goals are mutually reinforcing: any aon that helps to achieve one of them

is likely to help to achieve the other!

The recent experience of over $100 USD per barrel of crude oil that transpired in 2008
Agbpi OAA OEA 1 AAE 1T &£ OAOEI EAT AA 1 -AdbyEehtensidn O
OEA x1 OI -AcdoiD prigel shoéks. The huge rise in food and energy prices strained
family budgets , causing many families to slid e deeper into poverty. In the mean time ,

the small -farmer , faced with sky -rocketing input costs , had to cut back on applications :
thus depressing yields and further squeezing farm incomes. It was a clear reminder that
the existing agricultural systems, which are heavily dependent on petroleum and petro -

derivatives, cannot be sustained in a climate of volatile oil prices .

Besides @ergy efficiency andenergy renewability, thereare two other very important
components of the portfolio of strategies for pursuing energy resiliencduel resource
diversity and procesdlexibility .

Fuel Resource Diversity

In general, the more diverse the fuel resource supply portfolio of a country, the lower

1 AGO £

the impact of a sudden change in any single supply source, and the more stable the costs

over thelong run. There are two kinds of fuel resource diversitythat are of interest to
strategic planners and policymakers: resource type diversity and resource location

diversity.

a) Resource type diversitydaving different resource typesz such aswind, natural gas,
biomass, dieseland hydro z in the energy supply mix lessens the impact oh sudden

rise in cost ora shortageof any single one of them. A singlprotracted war in the

Middle Eastmay cause the cost of diesel for transport or for electricity generation to

suddenly sky-rocket, ora particularly dry year may severelyimpact hydro-electricity

supply countrywide, or a lowyield sugar crop season may result in reduced bagasse

output and congquently curtail supply of electricity to the grid. But the chances of
all three events (adry year, a lowyield sugar crop seasonand a protracted war in
the Middle East) occurring at the same timeg though seemingly more likelythese

daysz are much less than the chance of angne of them occurring.

Resourcetype diversity also comes into playon a much shorter time scalg daily or

even hourly z particularly for renewable energy resources whose outputs tend to be

largely independent of each otherFor instance, he output from solar PV is highest

when there is no cloud cover blocking out sunlight and wind poweworks best on

15
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windy days; but an overcast day, while blocking out sunlight, doesot stop the wind
from blowing, and a windless day does not stothe sun from shining.Having both

resources in the resource supply pood £E O | tit& sup@ydutput potential.

In fact, proposed regional electricity trading schemes are often predicated on
exploiting these variations in output between renewable energyaurce types. Wnd
and hydro resources, for example, are widely viewed as highly complementaryhe
Nordic power exchange, Nordpoolis a testament of how having @ower system with
large amounts of hydropowermakes iteasier to incorporate wind energy irto the
supply mix and increase the share of generation from wind. Using a similar strategy,
the soonto-be-commissioned SIEPAC transmission system, spanning Central

America, expects to harness the disparate wind energy resources scattered amongst

the variousi AT AAO AT 01 OOEAO 11 O1 1T &£ OEA OACETT ¢

thus increasing the overall supply of firmenergy from variable renewable energy

sources(YepezGarcia, Johnson, & Andrés, 2010)

Resource location diversityseographic dispersion of resources is as importarsis
diversity in resource type. Simply put, the wind does not suddenly stop blowing
everywhere at the same timeand it is highly improbable that a hurricane will hit
everywhere inthe entire country at the same time(at least notwith the same level of
intensity) . Placing or developingresources in strategic locations throughouthe
country mitigates the chancesof the supply of energy countrywide being affected by
a single eventconfined to a specift geographic area, whether aa windless day in

Corozal or a hurricane devastating Stann Creek,.

It stands to reason that the greater the geographic dispersion of resources, the
greater the benefits, asuming the incremental benefits gainedre not outweighed
by the casts of transporting energyfrom the dispersed locations to where it is
ultimately consumed. Regional trading schemesuch as SIEPA@re further
underpinned by this prospectof complementarity between variableresources
scattered over a widegeographic expanseas has beerdemonstratedin several
European countries with large wind systemgYepezGarcia, Johnson, & Andrés,
2010).

The benefits arising from pursuing resource location wersity also underliethe
increasing momentum towards implementing distributed generation, whether off
grid or grid-connected, such as wind mills or micrdnydro outfits directly powering
agricultural irrigation systems, or solar thermal collectors used in residential
households for wate heating or in remote locations for solar drying, or standalone

solar-powered, hydro-powered or wind-powered systems serving individual
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communities. As opposed to centralized generation, a failure of any single generation

source will have little impact onthe rest of the syster.

The original authors of the concept oénergy resiliencénad advocatedrenewable energy
developmentand distributed generationf as twokey components of a robusttrategy
aimed at creating a resilient energy sectoin the USAAs pointed out by Andrew Grove
reliable and efficient electricity transmission and distribution system is thecrucial
integrating glue of the strategy. Most renewable energy forms can only be harnessed on
a large scale by @nverting them into electricity; and distributed generation sources
whether occurring as smaliscale micrageneration sources within a national energy
system or as largescale deployments in individual countries within a regioncan only be
connected with each otherand to consumption centershrough anelectrical grid. A
robust electricity grid therefore facilitates both resource type diversity and resource
location diversity, using inter-connectivity to first aggregate the benefits of diversity and

then to distribute them to final energy consumers

Process Flexibility

Countries that have little control over the cost and availability of inputs to their major
production systemsor over the demand for and market price bthe outputs of these
systemsmust as much as possiblenstall production systemsthat are flexible: that is,
systems comprisingprocesses that carbe easily adjustedor reconfigured to usea
different feedstock or to produce a differenbutput. Dependingon resource availabiity
and market conditions, theoutputs of large-scale production systemgnay at times cost
more to produce than the price the market is willing to pay for themWhen such
conditions occur, flexible systems can be adjusted to usedéferent lower costing input

or produce adifferent more marketable output.

The modern sugar factoryis an example of a flexibleoutput production system,
producing sugar and ethanoln quantities depending on the relative demand; and
hence market prices- for them. On the other hand, gas turbines are usllg configured as
flexible-input production systems and can switch between fuel inputsnatural gas or
diesel or HFO or even biodieseldepending on tteir relative prices and availability. But
process flexibility does not necessarily have to be confined to the production side of
things. Brazil hastaken process flexibility to another level with its Flex Fuel #hicles

(FFVs), manufactured specifically tauffice the need for flexibility in a volatile fuel

5 Assuming that effective coordination mechanisms are in place where the sources are gddnnected.

6 Grove, on the other hand, proposes making electricity the major integrator and carrier of energyfrom
energy source to endusesz and argues for strengthening the electrical transmission and distribution
networks and transforming the transportation fleet to run on electricity instead of petrefuels (Grove,
2008).
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market. A Braziliannmade FFV can run on any blend of ethanol and gasoline: the engine
senses the proportion of ethanol in the mixture and adjusts the internal combustion
process for optimal performance. Tie prescribed fuel blend is determined by the

relative prices of gasoline and ethanol, and announced to the public as these relative
prices change. In this way, consumers are buffered from the negative effects of volatile

oil prices.

Energy Independence S Energy Resilience

Energy resilience encompasses the idea of energy securityowever, while policies of
the past mistakenlyequated energy independenceavith energy security, pursuing a
strategy of energy independence isowadaysviewed as costly and futié.

ITA T /&£ OEA POTAI AT O xEOE OEA T1 A OATAOCU ETA
paradigm is that it encouragedraming the energy security and seHsufficiency problem
at the national aggregatelevel only z treating national demand as a single consumption
point at the risk of ignoring the need to ensure that sufficient supplies of energy are
available for each population center and key load center at different locationgithin the
national infrastructure . For instance, we maycurrently produce 65% of our electricity
from indigenous sources- a formidable numberby any world standard, but, what are
our options if Belize is hit by a hurricane that destroys the 69 KV transmission line
connecting the Southern dstricts to the sourcees of generation further north? Will the
isolated areas be selsufficient? The aveage energy consumption in the suthern load
centersof Belizeis approximately 165 MWh per day. There is only one fictioning
energy source in the suth, Hydro Maya; and it is only capable of producind0 MWh per
day on average. Hence, although theraay besufficient generation at the national level
to meet the electricity needs of the entire country, the generatioon hand in the ®uth 7
once cut off fom the national grid- will be far from sufficient to meet the demand in the
South.

There is a furtherevenmore important corollary to the energy independence mantra.
What happens when conditions chage in a direction opposite to the one being prepared
for? Mexico, for example, has huge reserves of natural gas,much aslrinidad and
Tobago, which is currently the largesexporter of natural gas in the Western
Hemisphere.But- AGEAT 60 DPl1 AT O 01 AgbPi T EO OEEO bi OAT «
export were thwarted when natural gas prices around the world dropped in the wake of
the technology breakthroughs for extracting gas from shale rock and the subsequent
shale gas revolutionrnow sweeping across North Americand even parts of Europe and
Asia.lf Mexico had kept its head in the sand, pursuing energy independence for the sake
of sticking to populist policies, it would probably have persisted with developing its own
reserves of conventional natural gas resourcesnd would have been forced to exporits
natural gasat low prices or useit for its own consumption at a relative lossinstead,

Mexico hasput its original plans on hold,made an aboutturn and is preparing to import

18
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natural gas from its northern neighbor, taking advantage of the new opporturty

available to it for driving down the cost of energy that underpins its substantial

industrial base. At the same time, it has been making arrangements to sell electricity into
the soonto-be-commissionedSIEPAC grid. The Grandrategy?: Get cheap natural gas
from its neighbor in the north, generate electricity from it, and sell the electricity at a

premium - to its southern neighbors, who face relatively higher electricity costs.

The Dependency Dilemma

The mainstay ofpast erergy security policies has been lowering dependence on foreign
fuel supplies.However, this kind of narrow strategic focusis what makes it difficult to

solve the energy securityconundrum in the first place.

When we speak of indigenous energy, wendto OE ET E -QEIT xWd@xpect our
monies to stay at homenstead offlowing out abroadto buy tons of oil to fuel diesel
generators. But what portion of the cost ofjenerating a unit ofelectricity from
indigenous sourcesactually stays at home? This isarelevant and important question
when we consider energysustainability and resilience within the broader context of
economic security We need to ensure that the foreign exchange savings gained from
weaning ourselves off foreign oil are not negated by thireign exchange losses
incurred in purchasing equipment from abroad to harnes our indigenous energy
sources: moving from one form of dependency, foreign oil, to another form of

dependency, foreign materials and equipment

For instance, the newer technolgies such as solar and wind (and even hydro) are
characteristically capitatintensive as opposed to fuel intensive. By shifting from fossil
fuel based conversion technologies to these newer, renewable technologies, we can
drastically reduce our dependencen foreign oil: but we are in fact simultaneously
increasing our dependence on foreign equipment. In both cases, we pay out scarce
foreign exchange to foreign suppliers: in one case, most of the payments gddeign

suppliers of fuelin the other casemost of it goes toforeign suppliers of equipment

Another case in point is electric vehicles, which have received much attention as the
future of energy-efficient transport, because they offer the promise of reducing our
dependence orforeign oil. But, electric vehicles use batteries that are made from metals
that are relatively scarce and that are in abundant supply in only a few currently
vehicles, wemay reduce our import dependence on unstable supplies of foreign gibut

at the cost ofimport dependence on unstable supplies of batteries.

7 It is arguable that dependency on foreign oil is not the same as dependency on foreign equipment
supplies. They both cause a drain on local FE resources indeed, but the schedule of loan repayments for
capital equipment is known in advance as compared with the vemyncertain schedule of volatile oil prices;

thus making the local economy much less vulnerable to price shocks.
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These anecdotal referenceanderscore theneed to assesgnergyresiliencewithin a
broader contextz that of economic securitgnd economicresiliencez if we are to
properly detect and plug the holes. For eacknergy solution, we need to ask if we are

not simply replacingone foreign dependency for anotherfor example, oil fa technology
or oil for batteries.

20
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2 WHERE ARE WE NOW

The Global and Regional Energy Context

Since the beginning of the new centuryhe global energyarenahasbeen undergoing
unprecedented transformation, driven mainly by persistent volatility in world oi | prices

and growing concerns over climate change.

I Renewables have now gained a solid, though still relatively small, footing in the
global energy supplymarket. Onshore wind energy is now considered a mature
technology, and wind now accounts for as muchse20% of generation in some
%001 PAAT AT O1 OOEAO8 #EET A AT A 4AExAT AOA O
technology, and China has been investing heavily in benergy and renewable
energy infrastructure in the LAC. Biofuels has gained traction imé transport fuels
market particularly in Europe and South America. Ethanol has emerged as a viable
renewable alternative to gasoline, and a number of countries have introduced
legislation mandating a minimum percentage of ethanol mix in fuel blends.
Additionally, extensive R&D efforts are currently being directed towards making

biodiesel costcompetitive with petro-diesel, especially in the LAC.

9 Natural gas has emerged as the cleaner and cheaper hydrocarbon alternative to oil
and coal An unexpected techological breakthrough in harnessing natural gas from
shale rock has sparked a virtual shale gas revolution in the USA and around the
world : Ghale gagnow accounts for 30% of US domestic production of natural gas,
AT A OEA OAEOAT OAOAAS OAOAOOAOG ET OEA 53 Al
demand for the next 120 years at current consumption rateghis has resultedin an
oversupply of natural gason the world market and a consequentiecoupling of

natural gas prices from oil prices

9 Over the past decade, Brazil, the most populous country in thNgestern Hemisphere
after the USA has emerged as the energy powerhouse of the Americas, investing
substartially in energy R&D and churning out innovations such as highielding
sugar cane varieties, mechanized sugar cane harvesting, dual ethanol/sugar
production, and flex fuel vehicles. Brazil is now exporting its technological know
howtotherestofthe LAG AT CACET ¢ ET OAO&IiSinllubnceArEDT T 1 AA L

the region.

9 Venezuela, the country with the second largest petroleum reserves in the woBldnd

the second largest natural gas reserves in the Western Hemisphere, teeen at the

8 Wikipedia (Wikipedia - Oil Reserves, 2011)eports the summary of oil reserves from the OPEC website.

SaudiArA EA8 O T EI OAOAOOAOG AO 1T £ ¢mpp AOA AOOGEI AGAA AO ¢
AAl1 68 | AAT OAET ¢ Oi 7EEEPAAEAR T AT U AgGPAOOO AAI EAOGA OE
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forefront of the latest wave of resource nationalism that has swept over many

countries of the LAC, taking a marked anforeign interest stance whilst peddling its

influence in the region through initiatives such as PetreCaribe®. As a consequence,

6 AT AUOAIT A B tvestriehts have BeerQriatedly outpaced bthose of its

neighbors who possess only a fraction of its vast fossil fuel resources. For example,

40ET EAAA AT A 41T AACI 60 MA@ GAIN ACUDAB T @B OAOCVWARAD
and Tobago is currently the lagest exporter of natural gas to the United States. This

is because, aside from Peru and Alaska in the USA, Trinidad and Tobago is the only

country in the Western Hemisphere with LNG liquefaction capabilify?.

Mexico has likewise started to prepare itselfd be an important regional player and
powerbroker in the hemispheric energy market, given its huge endowment of oil and
gas resources and its excellent wind resources, amelcognizing its unique position as
the sole terrestrial conduit between the USA an€Canadaaboveand Central and

South America belowMexico has also made substantial investment®oth financial
and political, in the MeseAmerican Project, which started nearly two decades ago, as
a plan to link the energy and telecommunication ass$e of the countries of Central
America. This projectis about to bear its first fruits: the regional transmission grid
linking the countries of Central America with Colombia in the South and Mexico in

the North, is 95% complete and slated for formal caxmissioning by the end of 2011.

| OAOOEAx 1T &£ "Al EUAS8 G wl AOCU 3AAOD

Energy Supply Sources

Petroleum Gas_ 6.13%

Indigenous Energy Supply by Primary Energy Cont

Hydro

Wood 7.00%

2.77% Biomass
15.47%

Figure 2.1.1.A: Indigenous Energy Supply by Primary Energy Content for Year 2010

9 Petro-Caribe isan agreementsigned between Veneuela and Caribbean countries (as of 2005pr the
sale of petroleum productstoOEAOA AT O1 OOEAO AO01T i 6AT AUOAT A8O 0%$63! O

10 NG liquefaction capability is the capability to compress natural gas into liquid form (1/600 of its

gaseous volume) so that it can be transported over long distances (greater than 2,500 miles).

11 Energy Balance 2018upporting the data provided in this section can be found idppendix E.
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A total of 13538 TJ (or 23,354 TOE) of indigenous primary energyvas produced in
Belize in 2010:comprising of 1,513,700 barrels of crude oil 403,675 metric tons of
bagassé? (for steam and electricity generation);189,212,500scfof petroleum gas
263,150 MWh of hydro-electricity ; and 43,253 metric tons of wood fuel (firewood).
Crude oil andpetroleum gasaccounted for68.63% (9,291 TJ)and 2.77% (375 TJ)of this
indigenous energy productionrespectively on the basis of energy content value;he
indigenous renewables made up the remaining8.6% (3,872 TJ), measured orthe basis
of energy content value: bgassg15.47%), hydro (7.00%) and wood fuel ©.13%)13.

Imports = 8,162 TJ

Indigenous
Fossil Fuels &
Petroleum Gas

3,872 TJ 12.888 TJ 9,666 TJ

Indigenous

Renewables

Exports & Production Losses
=8,812TJ

Figure 2.1.1.B: Primary Energy Supply Flows for Year 2010

Of total indigenous energy produced, 843 TJ (or 6.6% of total) wasexported as crude
oil (1,424,540 barrels). However,8,162 TJ of energy was imported in the form ofefined
petroleum products (93%) and electricity from CFE (%0). The resultant total primary
energy supply (TPES)nto the national economywas therefore 12,888 TJ.

Figure 21.2 below illustrates the breakdown of TPESby type of fuel supplied to the local
energy sector in 2010: 8.3% was imported either as refined petroleum products or as
electricity (from CFE), 6.7% was gotten from local petroleum resourceand 30% was
harnessed from renewable sources (biomass, wood drhydro). The latteris an
especiallynoteworthy statistic when one considers that the LAC region, which boasts
the highest renewable resource usage in the world, had a renewability ind&of 12% in
2007; and Brazil, the paragon for renewable energy innovation, had a renewability index
of 45% in 2007.

12 However, only about 75% of this was actually used to pouce electricity and steam, and hence included
as part of the total indigenous energy produced in 2010.

13 There are a few small wind and solar installations by private generators. But the energy currently
provided by these is negligible: less than 0.01% a¢btal primary energy supply, if we extrapolate 2002
results from a 2003 Report by Launchpad Consultinfl aunchpad Consulting Belize C.A; , 2003)

14 RE as a percentage of TPES
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Where we got our Primary Energy Supply from in 20.

Hydro Imported

WOOOd 7.4% Electricity
6.4 4.4%

Crude Oil
3.9%

Biomass
16.3%

Gasoline
18.7%

Figure 2.1.2: Primary Energy Supply by Fuel Type for Year 2010 15

Electricity Supply

In 2010, 28.8% (3,670 TJ)of the total primary energy swpply was converted® into
573,707 MWh (2,065 TJ)of electricity. Figure 21.3 bdow provides a breakdownon an

energy content basisf the primary fuel inputs used ingeneratingelectricity .

Primary Fuel Input into Electricity Supply (201(

HFO; 4.0%

Biomass; 39.7%

Diesel; 11.1%

Imported
Electricity;
15.6%

Figure 2.1.3: Breakdow n of Primary Fuel Inputs used for Electric ity Generation in 2010

Figure 21.4 below provides a breakdown oftie actual electricity (measured in MWhs)
generatedfrom the primary fuel inputs. Approximately 60% of electricity was generated

from renewable energy sources, an@7.6% was imported from Mexico.Interestingly,

15 Expressed as: Total energy content of fuel conswed/Total energy content of ALL fuels consumed.

consumers. Hydro primary energy input is also evaluated as the energy content of the electricity output.
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nearly 16% of the total electricity was generated for own use, with the remainder

provided by utility sources.

Electricity Generation Output by Primary Fuel (201

Diesel; 43,927, HFO; 18,428;
3.2%

NG; 7,008; 1.2

1,711; 0.3% Biomass;
80,893; 14.1%

Imported
Electricity;
158,589; 27.6%

ElectricitySupply in
MWh measured at
point of supply

Figure 2.1.4: Breakdown of Electricity Generation Output by Primary Fuel in 2010

Energy Consumption Patterns

Belize consaimed 12,888 TJ (0r307,823 TOF of total primary energy supplyl” from all
fuel sources8 in 2010, costingapproximately $206 million US dollars!® or about 14.4%
of GDRO. This means that on the basis of fuel energy contentye produced more

energy than we consumed: 13,538 TJ versus 1888 TJ.

The corresponding calculated aggregate energy intensitythat is, the economywide
primary energy consumed per dollar of GDRPwas 8,536 BTU per US dollar of GDiA
2010 dollars For canparison, the estimated energy intensities of the USA, El Salvador,
Jamaica and Barbados for ZIB were 7,523, 3,370, 8,555and 3,360 BTU per US dollar of
GDPin 2005 dollarsrespectively (EIA, 2008).

Of the taal primary energy supply, 10946 TJ (or 1,437 TOE) was actually delivered to
consumption points as secondary energ{Ref: Figure2.1.5 below). The difference

reflects the losses incurred in generating, transmitting and distributing electricity?.

17 This is assessed in accordance with EIA convention. In particular, because imports and exports are, So

far as any particular country is concerned, equivalent to increments (or decrements) in the primary

energy available to it, they are treated as part of thtotal primary energy supply (TPES).

8OEOAT 6 AT A OAT Adcués AOA OOAA ET OAOAEAT CAAAT U EAOA(Q
19 This cost does not include the cost of delivery of fuel or electricity to consumption points (within

Belize).

20 Using 2010 GDP 10$1.431 billion USD(Belize GDP Data & Country Report, 2011)

21]t was assumed that negligible losses incurred in distribution of other fuels with Belize.
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Losses =1,942 TJ

1 Secondary
Energy
Conversion & Consumption
12,888 TJ Delivery 10,946 TJ

Figure 2.1.5: The TPESto-Secondary Energy Consumption Pathway for Year 2010

Figure 21.6 below illustrates the breakdown of the secondary energy consumption by
sector and- within each sector- by type of fuel for 2010, on the basis of the eneyg

content of the fuels consumed.

TJ How we consumed energy in 201
6,000
5,000 O Electricity
OBiomass
4,000 — B Wood
3,000 — BLPG
OKerosene
2,000 —  ®mHFO
1,000 -_ O Diesel
@ Gasoline
0 o mE Crude Ol
Transport Residential Commercial & Industrial
Services

Figure 2.1.6: Secondary Energy Consumption by Sector and Fuel Type for Year 2010

The transportation sector was the biggest consumer of energy in 2010, accounting for
46.8% of total secondary energy consumptionWithin this sector, gasoline accounted for
47% of all consumption; diesel for $.9%; and kerosene (used as aviation fuel), crude

oil22 and LP@3 for the remaining 16.1%24.

The industrial sector consumed27.43% of total secondary energy in 201061.3% of this
OAAOT 080 AT 1T OO0 ithe@B&df dieset, AFD aAd@lide Gilito run industrial

motors and for steam generation; 213% was for the use of steam produced from

22 ocal crude oil is used as a substitute for diesel in certain heavy duty vehicles. The crude oil is usually
left in drums for a time in order for impurities to settle, and then mixed with diesel in a 50:50 ratio.

23 About 3% of the current gasoline vehiclestock has also been converted to run on LPG.

24 Gasoline and diesel purchased in Mexico and Guatemaad electricity used to charge golf carts in San
Pedro and other locations in Belize are not accounted for in these calculations due to ladldata, albhough

the amounts used should not significantly affect our results
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bagasse within the sugar industry; and theemaining 17.4% was due to the direct

consumption of electricity.

The remaining 5.77% of total secondaryenergy consumption in 2010 was due to the
residential and commercial & servicesectors. Wood, used for cooking mainly in rural
areas, accounted foB9.3% of residential energy consumption; whileelectricity and LPG
accounted for 34% and 24.66 of residential energyconsumption respectively.The main
secondary fuel consumed byhe commercial and services sector was electricity (about
87.3%).

GHG Emissions

"AT EUASO AT AOCU OA AGi461L tCO0e oAGHE Enhidsidns iD ZDaA O A A A
a rate of B tCO2e per TJ of primary energy supplyl.he electricity supply sub-sector

produced GHG emissions at the Iav rate 0f52.74 tCO2e per TJnainly because of the

higher proportion of low carbon energy saircesin the supply mix; although this is partly

offset by the high emissions rate of imported electricitsp.

Net GHG Emissions Breakdown by Sector (20

Commercial & Industrial

Service . 26%

10%
Residential
15%

Figure 2.1.7: Net GHG Emissionsby Sector for Year 2010

Overall, the transportation sector accounted fo#9% of total net GHG emissions in 2010
although it consumed only 4.8% of total energy. Thiswas mainly due to the fact that all
the energyused in this sectorwas fossil fuelbased,compared with the other sectors

that used biogenicrenewable energy sources directly, or indirectly througltelectricity 26,

to some degree or the otherAt a price of $25.00 USD per tCOZ¢ the cost of energy

25 The emissions rate of imported electricity is at least three times higher than that of any other source
because it is assessed at the primary energy supply point (that is, where it erdeour national borders).

26 81% of electricity supplied in 2010 is generated from renewable energy sources (measured at primary
energy level).

27 This was the nominal price chosen to reflect the cost of carbon in 2010.

27

(



Owl AOcCU "U OEA 0AT PI A 88 &1 O OEA ¢

sector emissions(the cost of carbon)in 2010 wasover $17.5 million USD, or 7.86% of

total energy costinclusive ofthe cost ofcarbon.
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3 WHAT ARE OUR ENERGSUPPLY OPTIONS

The purpose of this section is to look at the inventory of energy supply sources/fuels
available to us in Belize, both indigenous anfibreign-sourced, in orderto assess the cost
of converting these primary resources into secondary energsesources (again given
current available technologies) ando estimate an upper limit for the potential of

developable localprimary resources, give available technologies.

Costs

Cost is a tricky quantity asits assessment islways subject to interpretation given the
context. In this case we are assessing thgroduction) cost of converting primary
energy resources into secondary energy resources that are then used dirgchy final
consumers: for examplethe cost of capturing solar energy (primary enggy resource)
and converting itinto electricity (secondary energy resource) that is then used for
lighting; or the cost of converting sugar cane (primary energy resource) into ethanol

(secondary energy resource) that is then used to power a motor vehicle
This production cost consists of four components:

1. The capital cost of developing plantsd convert theprimary energy resourceinto the

secondary energy resource.
2. The cost of(supply of) the fuel used as the primaryenergy resource.

3. The operations and maintenanceost of running the plants O&M costs also include
the costs of preventing and cleaning up some level of environmental pollution; but

do not include the cost of GHG emissions.
4. The market-basedGHGemissions cost

The production cost is finally expressed on a peunit basis (e.g. peiKWh of electricity

produced) levelized over the life of the plant(328.

O 7 E E le fevel@é&d cost of energy for alternative e nergy generation technologies is
becoming increasingly competitive with ¢ onventional generation technologies, direct
comparisons must take into account issues such as location (e.g., central station vs.

customer -located), dispatch characteristics (e.g., baseload and/or dispatchable

28 One of the difficulties encounteredvith coming up with true life cycle costs for any of the nascent
renewable energy technologies is that reported costs from other countries in which the technologies have
been deployed include subsidies and other financial incentives that can distort thegbure. On the other

hand, these incentives are generally meant to compensate for the historical tendency to exclude
externalities, such as pollution, from the cost picture; thus enhancing the case for these cleaner, renewable

technologies.
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intermediate load vs. peaking or intermittent  technologies), and contingencies such as
AAOAT T B(aEaAF2D09)8 6

Putting a Price on Carbon

O4EA 1 AOEAO EO ET 1T AT U xAUO AT ETAOAAEAI A EI
an efficiency that no central planning body ¢ an match and it easily balances supply

and demand. The market has some fundamental weaknesses, however. It does not
incorporate into prices the indirect costs of producing goods. It does not value

1 AOOOAGO OAOOEAAO DPOIT PAOI Us&ainadleAiel e O AT AO 11 0O
thresholds of natural systems. It also favors the near term over the long term,

OEI xET ¢ 1 EOOI A Al 1 AAOI(Bro®h, ®lanBBO:MobNizig T AOAOEIT 1
Save Civilization, 2008)

When we emit carbon inb the atmosphere beyond the natural flow of the carbon cycle,

we impose a cost on future generations eitheto adapt to a diminished life style caused

by global warming (hotter and more humid climates, acid rain, rising sea levels, more

violent storms) or to develop innovative technologies for sequestering carbon from the
atmosphere until GHG levels gk OA OO OT AA OI. If thid cbsdi$ nbtirdlectedd O AT O
in the price of the products that are produced by processes that emit carbon into the
atmosphereor in the price ofproducts that emit carbon into the atmosphere when

consumed, then these products will garner a larger share of the market than is justified

AU OEAEO OOOOA AI 0066 O1 OIF AEAOUR AT A AAOATI
One of the reasnsthat carbon pricing has met with much resistance and why in fact

the carbon pollution theory itself has met with some cynicism is that the more serious

effects of global warming on our way of life are projected to occuoo far into the future:

in the latter half of this century or even beyond. Developing countries, wittheir limited

resources and wio have had little to do with causing the global warming problem in the

first place, have thus had little impetus to take action to cutback emissionsh& CDM,

though, is setup to reward countries that take action: a country earns money at the rate

of the global carbon market price for each metric ton of GHG emissions avoided or

removed relative to a predetermined baseline. Given two options to supply esrgy, the

only difference being that one will emit more GHG pollutants over its lifetime, we are

now economically incented to choose the cleaner technology. Choosing the more

polluting technology deprives us of earnings at the rate of the carbon price; algis

deprivation must therefore be reflected as an added cost (to society) of using the

technology itself.

Carbon dioxide and other GHGs are not the only form of environmental pollution
affecting us: GHG pollution has probably garnered world -wide attention because of the
threat to the way of life of developed countries! There are many other toxic chemicals

such as particulate matter, carbon monoxide and mercury that are released into the
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environment during the processing of energy that will cause serious illnesses and even

death well before 2050. We also need to place a price on these: and we need to do it now.

Governments and parties with vested interests have adopted and proposed various
measures for putting a price on carbon: explicitly through carbon taxes and emissions
trading (cap-and-trade), and implicitly through emissions standards, best available
technology targets, and subsidies. It is not our intentiomt this pointto debate the
relative merits of each of these measures; but rather to make an initial determination of
a price point for carbon, so that we can factor it into our cost calculations and dgsaes,
thus showing how putting even a modest price on carbon affects the relative cost
rankings of the various energy supplyside options and demaneside measures available

to us.

P A U TN - ~

In his book,00 1 AT z-"T ABBITEUET C O1 L2shedBkowr enddithecE UAOET 1 6 h
x T Ol A-@&minelt @rden activiss, recommends starting immediately with a carbon

tax of $20 USD per ton (of GHG emissions) in 2008 and gradually increasing this to $240

USD per ton by 2020. This price would be $60 USD per metric ton tod&yown argues

that this proposed tax regime is necessary to maintain carbon dioxide at

environmentally sustainable levels, and moreover that its not nearly as onerous as

many other revenueraising tax regimes on fossil fuels that are currently in place in

EuOWl PA8 4EA c¢cmpm 2ADPT OO0 O#AOEAAAAT 2ACEI T Al %
AT A &OA1 O 30DPDPI U 3Beantadulfrg drm Bsediaprc©dk $60 BSD

per metric ton: no explanation was given for how they arrived at this price. Barclays

Capital, a world-renown investment firm, recently forecasted a 2012 price for CERs of

about $33.00 USD per metric ton. We have decided to conservatively start with a

reference price of $25 USD per metric toffrom 2010), and to increase this price by %

per year over the planning horizon asshownin Figure 3.1.0 below This is equivalent to

a constant price of $0.00 USDat 10% real discount rateover the planning horizon.

Carbon Price Projection20162040)
200.00

180.00 //‘
160.00

140.00 /./
120.00
100.00 /

80.00

60.00 = -

40.00 /
20.00

0.00

USD per tCO2¢

2010 2015 2020 2025 2030 2035 2040

Figure 3.1.0: Carbon Price Projections for the Period 2010 -2040
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Supply Potential
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For each of the indigenous sources, we further assess its fdévelopablepotential in

terms of KWh of energy producible per year and over the lifetime of the source (if

exhaustible).

As we assess each resource, we should keep in mind that the current annual demand for

utility -provided electricity in Belize is approximately 485,000 MWhsand current

demand for allenergyforms, including electricity and transport fuels,is approximately

12,849 TJ These should serve ageference points for determining what portion of

energy needs can potentially be supplied from the resource

INDIGENOUSRENEWABLEENERGY SOURCES

Wind Energy

State of the Technology

Wind is an infinite and abundant source of energy, with aear-zero GHG emissions

footprint. Energy from the wind has been harnessed from ancient times to sail ships

across the oceans and from préndustrial
times to pump water and mill grans. Today,
the focus on wind energy is for the production

of electricity.

However, there are two significant challenges
to harnessing the full potential of wind energy
for electricity production: its intensity (speed)
varies widely across (the time of) theday; and
the windiest locations tend to occur n the
deep offshore areas and ofand at higher
elevations, which are usually far removed

from the main load centers.

Moreover, when assessing wind energy
potential, we need to do separate assessments
for onshore and offshore wind energy. As the

names suggest, onshore wind energy is

O4EA COI OO0 | xE
production potential from
i " Al EUABOQ T &£

with moderate -to-excellent
xET A OAOI OOAA
140 times our current
electricity demand, and
sufficient to meet the
projected electricity needs
of the entire Central
American region (excluding
Mexico) for the ne xt 10
UAAOOS8G

harnessed from wind blowing over land; offshore wind energy is harnessed from wind

blowing over the seaThe latter presents significant engineering challenges during

deployment and maintenancez and substantial R&D efforts continue to be dedicated to

finding ways to overcome these challenges. Butthbugh more complex and hence more

costly to deploy and maintain, offshore wind power installations have a number of key
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advantages over onshore installations. Firstly, wind is more abundant and stable over
the sea. Secondly, larger wind turbineg which tend to be more efficient- can be
deployed (in shallow) offshore more easily than oghore. Thirdly, onshore installations
are more likely to meet with public resistance because of noise, visual impact and

displacement/right -of-way issues.

The technologies for producing energy from the wind rely on wy basic principles that
convert the kinetic energy of the wind into the rotational energy of a turbine that in turn
generates electricity. These technologies are now fairly mature and have been deployed
widely around the world. The IEAIEA, 2011)reports that global installed capacity of
onshore and offshore wind has been growing at an average rate of around 30% per year
since 2000; reaching 121 GW in 2008. Wind energy in 2008 generated about 260 million
MWhs of electricity.However, although wind energy comprised 20% of total electricity
consumed in 2008 in Denmark, the undisputed world leader in wind energy

deployment, it only accounted for 2% of total electricity consumption in the USA.

The power that can be generated fronthe wind at a particular point in time is directly
proportional to the cube of the wind speedat that point in time; but also increases with
the rotor diameter of the wind turbines, the height of the turbines above ground and the
roughness of the terrain sirrounding the wind plant. Theoretically therefore, ff, at a
certain point in time, the wind speed inalocation A is twice that of the wind speed in
another location B, then the power output of a wind turbine at location Avill be 8 times
as much as the pwer output at location B.Generally speaking, locations with higher
wind speeds are therefore more viable for wind development than those with lower
wind speeds.In practice, wind turbines are optimized for certain speeds; moreover, they
have a cutoff sped range below and above which they shut down. Reliable wind
measurements at selected sites are therefore important in order to size turbines for

optimal performance.

Wind resources are categorized into seven classes depending on the wind speed and the

height of the installation relative to sea level as shown in Table 3.1elow.

10 m (33 ft) 50 m (164 ft)
Wind Class| WPD Speedin m/s (mph) WPD (W/ m2) | Speedin m/s (mph)
(W/m 2)
1 0-100 0-4.4(9.8) 0-200 0-5.6 (12.5)
2 100 - 150 4.4(9.8)-5.1(11.5) | 200-300 5.6 (12.5)-6.4
(14.3)
3 150-200 5.1 (11.5)-5.6 (12.5) | 300-400 6.4 (14.3)-7.0
(15.7)
4 200 - 250 5.6 (12.5)- 6.0 (13.4) | 400 - 500 7.0 (15.7)-7.5
(16.8)
5 250 - 300 6.0 (13.4)- 6.4 (14.3) | 500-600 7.5(16.8)-8.0
(17.9)
6 300 - 400 6.4 (14.3)- 7 (15.7) 600 - 800 8.0 (17.9)-8.8
(19.7)
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7 400-1,000 |7 (15.7)-9.4 (21) 800-2,000 | 8.8 (19.7)-11.9
(26.6)

Table 3.1.1: Classes of Wind Power Density (WPD) at Heights of 10 m and 50 m [Source: EIA]

The lowest class (Class 1) has the lowest wind speed and the leasergy output per
unit land area; the highest class (Class 7) has the highest wind speed and the greatest

output per unit land area.

Environmental Benefits/Costs

A typical wind-powered plant emits 0.021 tCO2e GHG per MWh of electricity generated
(Wikipedia: Emissions Intensity, 2011) Since this is substantially lower than the current
grid GHG emission rate of 0.289 tCO2e GHG per MWh, introducing a wadvered plant

into the supply mix would further lower the grid GHG emission rate.

CDM EARNINGS TRACKER

A 10 MW wind-powered plant would generate 10 MW x 30% capacity factor x 8,760 hours = 26,280
MWhs of electricity per year. Over a tetyear project evaluation peiod and using the current grid
emission rate as the baseline, this would yield 10 x 26,280 x (0.289.021) = 73,058 CERs. At a price of
$25 USD per CER, these can be traded in for $1,826,145 Y@Rliscounted valug about 10.5% of the

initial capital cost of the project (@ $1.7 million USD per MW of installed capacity).

A muchtouted disadvantage attributed to wind power generation by some of the more
extreme environmentalists is that windmills kill significant amounts of birds. However,
data collected n various countries that use wind turbines for energy generation show
that the environmental hype is not well supported by the facts: windmills do much less
damage to birds than ordinary vehicular traffic Reported collision ratesz between
turbines and birds z have been usually low where proper preconstruction
investigations are carried out as part of environmental impact assessments to ensure

that wind farms are not sited close to the habitats of nesting birdéviacKay, 2009)

Resource Availability and Utility -scale Supply Potential: Onshore Wind

According to the5 3 $ N&tién@ Renewable Energy Laboratory (NREL), Belize has
approximately 737 squarekilometers (or 284.5 square mileg of onshore terrain with
moderate-to-excellent wind resource- that is, Class 3 or higheg distributed as shown in

the table below.

This works out to a gross energy production potential of 7,641,580 MWhs from terrain
with moderate-to-excellent wind resource at 50 metres above sdavel. Most of this
windy terrain occurs in the Maya Mountain Range and the northern cayes. If we assume
that 80% of this land area is already being used or earmarked for other purposes or is
altogether inaccessible or is unusable for wind power generatiopurposes, then the

gross energy production potential of the usable land area is 1,528,316 MWhs.
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Wind Class | Terrain Annual Energy Total Annu al Energy
area? (in sq. | Production Potential 30 Production Potential
km) (MWh per sg. km) (MWh)

3 497 9,500 4,721,500

4 234 12,100 2,831,400

5 6 14,780 88,680

6 0 0

7 0 0

ALL 737 7,641,580

Table 3.1.2: Onshore Energy Production Potential for Wind Class 3 & higher at 50 m above sea
level
Assuming a conservative availability factor of 90%, the net energy production from
onshore windgeneration from terrain with moderate-to-excellent wind resource, using
OT AAUGO OAAETTI1TCEAOh EO OEAOAZI OA APDPOI @

MWhs d electricity per year. This is just under 3 times our current annualbtility -

m\
>

provided electricity consumption rate.

Resource Availability and Utility -scale Supply Potential: Offshore Wind

According to the NREL wind resource maps, Belize also has approately 3,50031
square miles ofoffshore marine water areawith moderate-to-excellent wind resource
up to 70 miles offthe coastline: this includes about 808 square miles ofshallows33
marine area with Class 3 wind resourcéetween the coast and the barrier eef, and

90034 square miles of marine area with Class 4 wind resource beyond the barrier reef

This works out to a gross energy production potential of 69,087,590 MWhs (per year)
from offshore areas with moderateto-excellent wind resource at 80 metresbove sea
level. To put this figure in perspective: this is over 140 times our current electricity
demand; and sufficient to meet the projected electricity needs of the entire Central
American region, excluding Mexico, for the next 10 yea¥s Of this totd amount, the
shallow offshore marine area has a gross energy production potential of 14,752,500

MWhs. If we assume that 10% of the shallow marine area can be used for wind power

2 TerrainareasAO DOT OEAAA AU OEA . 2%, 60 O#A1 OOAI 'i AOEAA 7EI
(NREL).

30 Refer to Appendix A for basis of derivation of these numbers.

31 Approximate measurement derived from Central America wind resource magNREL).

32 |bid.

33 Shallow offshore for wind energy development purposes is water of depth of less than 30(MacKay,
2009). The marine waters between the coast and the Belize Barrier Reef, from the Mogoing
southwards to Belize City, are at most 6 m in deptftUNEP, 2009)

34 Approximate measurement derived from Central America wind resource mafNREL).

35 The 2020 electricity demand forecast fomll of Central AmericaexcludingMexico is 67,557,000 MWh
(WEC, 2008)
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generation, then the gross energy production potential of the usable shallogffshore
area is 1,475,250 MWhs per year.
Wind Class | Terrain area | Annual Energy Total Ann ual Energy
(in sq. km) Production Potential 36 Production (MWh)
(MWh per sg. km)
3 6,734 7,120 47,945,622
4 2,331 9,070 21,141,968
5 0 0 0
6 0 0 0
7 0 0 0
ALL 9,065 69,087,590
Table 3.1.3: Offshore Energy Production Pote?tialI for Wind Class 3 & higher at 80 m above sea
eve
Assuming an availability factor 080% for shallow offshore, the net energy production
from shallow offshore windgeneratonh OOET ¢ O AAU8 O OAAET T 11 CEAC
approximately 80% x 1,475,250MWhs = 1180,200 MWhs of electricity per year. This is
over 2times our current annualutility -provided electricity consumption rate.
If wind energy could be stored with negligible losses and the cost of wind
energy plus storage were competitive with other forms of energy , we would be
ableto meet ALL of our electricity needs from utility - scale onshore and
shallow offshore w ind enerqgy alone for the next 20 years (assuming a 5.5%
growth rate) , using the todayods technollesgthar®7 a% df ajl | ocat i
our total land area and less than 3% of our total shallow offshore marine
waters to its production.
There is an important caveat thashould be inserted here the potential of energy
generation from wind is site-specific, and detailed wind measurements over sufficiently
long periods must be done at selected candidate sites in order to come up with more
accurate assessments of the feasibility of deploying wingowered plants at those sites.
Production Costs
According toa2008 Conference ARDA O OEOI AA O7ET A wWak@CU EIT , /

2008), the average cost of producing on€Wh of gross energy fromonshore windin the
Latin Americanand Caribbean region ranges between $0.0350.05 USD peKWh for
goodonshore sites with low surface roughness and capacity factors greater than 35%
The IEA estimatesmuch higheronshore wind power costs. currently between $0.0/ to
$0.13 USD peKWh (IEA Technology RoadmapWind Energy, 2011) Our calculations
give a figure of $0.0895 USD perKWh for a nominal 10 MWonshore wind plant with a

36 Refer toAppendix A for basis of derivation of these numbers.

37 This estimate appears to be very optimistic: in 8razilian energy audion in 2009, theaverage cost for

wind power actually contracted was about$0.083 USD per KVh (YepezGarcia, Johnson, & Andrés, 2010)
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capacity factor of 30%, assumingnstallation costs of $1,D0 USD per KWThe UDOE
projects a reduction of 10% in onshore wind LCOE by 2030.

The cost of wind energy from a particular plant is extremely sensitive to the capacity factor
achievable. The capacity factor (expressed as a percentage) is calculated as the actual annyal
energy output of the plant divided by the maximum annual energy output (that is, the annual
energy output if it were running at maximum capacity 100% of the time). As explained furthe
above, wind is an intermittent energy source: the wind speed, and hence thewer derivable

from the wind, at any time varies widely across the time of the day. This means that there wil|
be timesz actually many timesz when the wind plant is not running at its maximum capacity.
Moreover, if the maximum capacity of the wind plants greater than the demand during certairj
periods of the day, then there may be times when all the power derivable from the wind plan

cannot be absorbed by the grid. In such cases, not all the wind power that is available will b

14

used, unless it can bstored for later use.

In general therefore, assuming wetblanned staging of wind farms so that capacity maintains
pace with demand, most utilityscale wind plants that are deployed around the world have

capacity factors in the range of 20 to 40%. Althougtata for the Caribbean available from wing
energy installations in Curacao and Jamaica indicate that a 35% capacity factoadhievable, a

safer assumptionwould be a capacity factor of 30%or onshore installations in Belize

The cost perKW of offshore windpower installations canbe more than twice the cost of
onshore wind power installations: this is because of the higher foundation and cabling
costs which increasewith distance from the shore(IEA Technology RoadmapWind
Energy, 2011) Moreover, the O&M cost as a percentagetbé turbine costis usually
higher becauseoffshore wind turbines are exposed to high concentrations of salt in the
air and therefore deteriorate more quickly andit costs more to do maintenance wrk in
the middle of the sea than on land. Though the higher capital and O&M costs are
partially offset by the higher yields ofoffshore windinstallations, in generala KWh of
offshore windenergy costs 1.5 t@® timesthe cost of aKWh of onshore windenergy.The
IEAreports that the LCOE fooffshore wind projects developed between 2005 and 2008
ranged between $0.11 and $0.13 USD per KWIEA Technology RoadmapWind
Energy, 2011) These costs are projected to fall by 25%y 203038.

The IEA TechnologyRoadmapz Wind Energy 2011 estimates that the wind turbine itself
constitutes 75% of the initial capital cost of a wind power projecfor onshore wind, and
50% for offshore wind39. O&M cost is share®0:50 between replacement j@rts,

materials and labor(Morthorst, 2004). If we make the fair assumption that almost all
materials and 50% of labor cost used in O&M will be foreigaourced, then 75% of the
O&M cost flows out of the country. On average theme, about 80% of the cost of

generatingonshore wind will flow out of our country to pay foreign sources.

38 Based onlEA projections that investment costs will decrease by 27% and O&M costs by 25% by 2030

91 ¢nnt 2ADPT OGA4BAERAABIOAOCBAOOEI AOGAOGO OEAO ADPDPOI GEI AOAI

a wind power project is the cost of the wind turbine itsel{Morthorst, 2004).
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40 incurred in integrating wind resourcespower into supply networks is negligibleif the
energy supplied by the resource is less than 20% of the total network supplyable 3.1.4
below provides a summary of the extra costd of integration for different wind

penetration levels.

Wind Penetration Level Lower Level Cost Upper Level Cost
10% 1.50USD per MWh
20% 2.25USD per MWh 3.00USD per MWh
40% 7.50USD per MWh 10.50USD per MWh

Table 3.1.4.1: Summary of Costs of Integration for Different Wind Penetration Levels

Onshore wind with backup firm capacity, assuming a 20% penetration level, therefore
currently costsin the range of $0112 to $0.1195 USD per KWh.

Wind Energy Cost Projectiornjg0162040)

$0.4500
==¢==(nshore wind w/o carbon cos

$0.4000
$0.3500 /_ === Onshore wind w/ carbon cos

< /
S $0.3000 === Onshore wind adjusted for capacity w,
— $0.2500 _—/‘ carbon cost

K

e

Q ==@== Shallow offshore wind w/o carbon co|
a $0.2000
n
- $0.1500 === Shallow offshore wind w/ carbon cos
$0.1000
=== Baseload diesel generation w/o carbo
$0.0500 cost
$0.0000 +=Baseload diesel generation w/ carbon

cost

2010 2015 2020 2025 2030 2035 2040

Figure 3.1.5.1: Cost Projections for Wind -Powered vs. Diesel Electricity Generation for 2010 -2040

Figure 31.5.1 above compares the projected trends in the cost of onshore and shallow
offshore wind generation with baseload diesel generation costver the forecast

horizon.

The graphs showthat both onshore and shallow offshore wind generatiorg including
onshore wind generation adjusted to provide for firm capacity will cost less than
baseload diesel generation throughout the forecast period, and the cost differential

should increase as diesel fuel costs trend upwards over the long run.

40 This includes the cost of shorterm system balancing, backup capacity costs and transmission
constraint costs. The latter refers to costs that are incurred when the output of the wind plant is
constrained by the capacity of the transmission line connecting it to the grid.

41 The costs quoted ardnowever based on petroleum prices in 2009.
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Solar Energy

State of the Technology

Solar energy is the most abundant energy resource on earth. In fact, if all the energy
reaching the earth from the sun could be captured, we would have sufficient enertyy
serve all our energy needs more thab,000 times over at current consmption rates!

Moreover, ke Wind, energy from the Sun has near-zero GHG emissions footprint.

Figure 3.1.5: A 10 MW Solar Farm Project near Barstow, California (Nexant, 2010)

However, there are some challenges associated with harnessing the vast power of the
sun: sunshine is only available during daylight hours; its intensity varies across (the
time of) the day; and the amount of sunshine is affected by the degree of cloud coaad

other obstructions at any time of the day.

There aretwo main utility -scaletechnologies for harnessing the energy of the Susolar

photovoltaic (PV), and concentrating solar power (CSP)

Solar PMtechnologies convert sunlight (the light of the sun)nto electricity. Solar PV
panels are made of semconductor material that absorb sunlight and create an electric
field that drives electricity through the connected circuit. Some versions of solar PV,
called crystallinesilicon PV(c-Si), use silicorbased semiconductors that convert about
12-20% of the energy othe sun into electricity. GSi PV accounts for 8®0% of the
global solar PV marketoday (IEA - Solar PV Roadmap, 2011Newer thin-film
semiconductors, made of cathium-telluride and copper indium diselenide, have lower
conversion efficiencies, but are much cheaper to mak& and, as a result, installations

using thin-film PV have lower life cycle costg about 20% less- for the same output.

42 This is because of the low consumption of raw materials, higher production efficiency and ease of
building integration (IEA, 2011).
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Concentrator PV (CPV) ian emerging PV technology that concentrates sunlight on a

small high efficiency celts.

Figure 3.1.6: (a) The Nellis Solar PV Plant in Nevada, USA (b) A CSP Parabolic Trough Solar Farm

Concentratng Solar Powel(CSP)is a class ofechnologiesthat concentratesOE A O 01 6 O
energyto heata receiver;the heatcollectedis then transformed into steamto drive

steam turbinesfor electricity generation or to drive chemical processesCSP is best

deployed in regions with plenty of sunshine (average DNI ab@v2000 KWh/mz2/year)

and clear skieg. There are four main types of CSP technologies, categorized by the way

OEAU OOAAE AT A £ AOO OEA 00180 OAUO AT A xEAO
troughs (the most mature of the technologies), parabolidishes, linear fesnel collectors

and solar towers. CSIor electricity generation is used mainly in largescale applications

of 100 MW to 300 MW

CSP plants have the significant advantageover their PV counterpartsand other non
dispatchable renewable @ergy technologiesz of being able to provide relatively cheap
short-term thermal energy storage (TES)Y>, and so smooth variabilityof supply
especially during periods of reduced sunlight caused by cloud covENREL: The Value of

Concentrating Solar Power and Thermal Energy Storage, February 2010)

Environmental Benefits/Costs

Utility -scale Solar PV plants emit 0.106 tCO2e GHG per MWh of electricity generated,;
while a typical solarpowered CSP plant emits 04 tCO2e GHG per MWh of electricity

generated(Wikipedia: Emissions Intensity, 2011¥6. Both of these are lower than the

43 Solar-to-electric AC efficiencies of 23% haveli@ady been demonstrated in tests. IEA forecasts that AC
efficiencies of over 30% can be reached in the medium ter@fEA, 2011).

44 That is in regions located between 15 to 40 degrees latitude north or south of the equat@EA, 2011).

45 Because CSP receivers first generate heat that is then converted into electricity (and do not generate
electricity directly as do Solar PV modules), they can store excess heéy heating molten salts for
instance- that can be converted to electricity at a later time. While this feature may increase upfront
investment costs and result in some efficiency losses during the storage cycle, its main benefit is that it
improves the firm capacity and hence the dispatcHality of the plant (IEA, 2011).

46 These figures need to be verified by further research
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current grid GHG emission rate of 0.289 tCO2e GHG per MWh. So introducing a Solar PV

farm or a CSP plant ito the supply mix would further lower the grid GHG emission rate.

However, solar technology is not without its environmental and safety drawbacks,
namely: the high water footprint of CSP due to steam productiofbesser & Puga, 208),
the depletion of rare mineralsused inPV manufacturing, the danges inherentin
handling gases used for surface treatment of thin films, and the toxicity of some
semiconductor components (GCEP, Stanford University, 2006)These issues may take
on greater significance- and hence will need to be resolvedas the other more pressing

problems related to GHG emissions subside in step with reduction in fossil fuel use.

Resource Availability and Utility -scale Supply Potential

According tothe NREL solar map for Central

| T AOEAAR AAT 0O gub 1 & " &THe ylodsendrgyl A AOAA OAA
5.0 to 5.5KWh per square meter of sunshiné’ per  production potential (  of

day.This is below the lower level threshold “ A1 EdolAr&nergy

generally required for CSP solar plants, and so OROT &0 Askftiert to E ¢

Solar CSP is probably not wefluited for Belize.If .
P y meet the projected

we assume that this solar irradiation is convered o
o . _ _ electricity needs of the
to electricity using Slar PV technologie$? with an

: - _ entire Central American
average conversion efficiency of 166, this works

out to a gross energy potential of 5.25 region, including Mexico,
KWh/m 2/day x 65% of land area x 23,000,000 [Of the next5 0 years at

000 m2x 365 days x % conversionsunlight-to- AOOOAT O COI xOE
DC electricityefficiency x 75% DGto-AC

conversion efficiency = 337,750,000 MWhsper year. Again, to put this figure in
perspective, this is sufficient to meet the projected electricity needs of the enérCentral

American region,including Mexico,for the next 50 yearsat current growth rates4°.

If we very conservativelyassume that only 1% of this land area is available and
amenable for solar generation, then the possible annual energy output frogolar
CAT AOAOQEIT T h OO0 &deg is hérdiotelegua) 1%0R4BE7H0,000MWhs =
34,377,500MWhs per year.Using an availability factor of 95969, the net energy
potential is 95% x34,377,500 = 32,658,629MWhs.The exact amount of land area

47 Solar irradiation z Flat plate tilted at latitude (south facing)

48 Solar PV is used here instead of Solar CSP, because CSP requl@asskies and average DNI above 2000

KWh/m?2/ year. The solar map shows few of such areas, if any, in Belize.

294# AT OOAT 1'i AOEAASO Al AAOOEAEOU AT1 O00I POETT EIT c¢mpm xA
and the rest of CA: 43,000,000). At growthates of 5.5% per year, it would take 49 years for this number

to increase to 3,437,750,000 MWh.

50 This is in keeping with the availability factors used in most of the literature (roughly 9798%).
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availab le and amenable for solar generation needs to be determined in a further

and separate study .

This means that if solar energy could be stored with negligible losses and the

cost of solar energy plus storage were competitive with other forms of energy

we wo uld be able to meet ALL our electricity needs using utility - scale solar
energy alone for the next eighty vears ®, using the todayodés tedhnol ogi

allocating less tha n 0.7 % of our total land area to its production.

Production Costs

Despite many years ofesearch and development, solar power has not yet become cost
competitive with other technologies in the energy market; mainly because of its higher
capital costs, modest conversion efficiencies, and intermittency¥he current cosp2 per
KWh of electricity from utility -scalesolar PV is alwut USD $0.32 per KWhranging from
USD$0.2%er KWh for sites with high DNIto $0.48per KWh for sites with moderate-to-
low DNI (IEA - Solar PV Roadmap, 2011)Solar CSP currently costs betweddSD$0.20
per KWh and $0.295 per KWh for large parabolic trough plant§EA, 2011).

However, advances in solar conversion technologies continue to be made as developed
countries allocate more monies to research and developméin alternative energy in

face of the shrinking oil supplies and the ifeffects associatd with fossil fuel
combustion. The IEASolarPV Roadmap011 projects the efficiency of solar crystalline
PVto increasefrom 16% today to 25% in 203Q Newer thin fim technologies are

projected to increase from an average of 10% today to 16.5% by 2030.

30
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System Efficiency (%)
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Crystalline Silicon® === Thin Film == == Concentrator

Figure 3.1.7: Projections of Conversion Efficiency of Main Solar PV Energy Technologies ( Source:
EERE 2007)

Of particular significance is the recent involvement o€hina and Taiwan in the solaPV
market: # EET A8 O O1T 1 AO 06 | AOEAO E AwvéntygoliineréaseOADE AT |

51 Current utility -scale electricity generation is 485,000 MWhs. At growth rates of 5.5% per year, it would
take 79 years for this number to increase to 32,658,625 MWhs.
522008 Costs
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in capacity in just four yeas; China and Taiwartogether now produce more than 50% of
both crystalline silicon cells and modules with China row leading the world in PV cell
exports (Melbourne Energy Institute, 2011) Further innovations z coupled with
economies of scale and learning curve effects- are expected to drive downunit capital
costs of solarPVconversion technologiesto about 60-70% of current levelsover the

next 10 years leading to further reductions in life cycle cost§Seefigure below).

Cost ($/W)
Lo IEE I NI S T O I I T I
p

1995 2000 2005 2010 2015 2020

Crystalline Silicon® === Thin Film == == Concentrator

Figure 3.1.8: Unit Capital Cost Projections of Main Solar PV Energy Technologies ( Source: EERE
2007)
The IEA projects that the levelized cost of Solar PV will decreaseaanedian 0f$0.14
USD per KWhig the range $0.105 $0.210 per KWH by 2020 and a median of$0.09
USD per KWHin the range $0.070- $0.135 per KWH by 2030 (IEA - Solar PV Roadmap,
2011).

The projections for cost reductions for CSP planfer the period up to 2050are given

below:
350
300
= 250
< DNI 2000
S 200
3 ~_ — DNI2600
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0 1 | |
2010 2020 2030 2040 2050

Figure 3.1.9: Projected LCOE from CSP plants under different DNI levels (IEA, 2011)

, A U A Oekeliz@d Cost of Energy Analysis 3.6* found that while Solar PV technologies

EAOA OEA Obi OA1T OEA1I A1 O OECI EAEAAT O AT 00

OAAOAO

53 (Borenstein, 2008) argueshowever that analysis of historical cost and production data over the past 30
years has revealed that learningoy-doing effects on solar PV production costs have been relatively small.
54 (Lazard, 2009)
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generation technologies are experiencing cost inflation. A n important trend to track
therefore is the path of solar e nergy to achieving grid parity ; that is, when its cost will be
at least as cheap as the average cost of other sources of supply available to Belize.
Predictions abound as to when this will be achieved in developed countries, with most
expecting this to happen within the next 10 years (it has already happened in Hawaii
and ltaly), especially given the upward trend in the price of fossil fuels and the

increasing pressures to drastically reduce harmful emissions associated with their use.
Given that the capital cost of the solar panels themse Ives constitute over 90% of the
levelized cost of solar energy and assuming continuous improvement along the current
technology path, the cost of solar in developing countries like Belize should track closely

with those in developed countries.

Solar PV Energy Cost Projectiqre162040)
$0.4500
$0.4000 —
< $0.3500 - === Solar PV w/o carbon cos
S $0.3000 N\ =
5 $0.2500 \ 4‘/‘ === Solar PV w/ carbon cos
S $0.2000 = aetond diesel coneration o
=4 Baseload diesel generation w/o
%) $0.1500 carbon cost
$0.1000 Baseload diesel generation w/ carbor]
$0.0500 cost
$0.0000
2010 2015 2020 2025 2030 2035 2040

Figure 3.1.9.1: Cost Projections for Solar PV vs. Diesel Electricity Generation for 2010 -2040

Figure 3.1.9.1 above compares the projected trends in the cost of solar PV electricity
generation with baseload diesel generation costs over the forecast period over the
forecast horizon: ®lar PV costs are projected to remain higher than diesel electricity
generation costs until 2015, and then after should continue to fall even further to as low

as 1/3r of diesel electricity costs by 2040.

Hydro -electricity

State of the Technology

Hydro is the most mature of the renewable energy technologies deployed worldwide: in
fact, it was the first renewable energy technology to be deployed on any significant scale
in Belize, when the 18 MW Mollejon Hydroelectric Plant was built orhe Macal River

and commissioned in 1995.

One of the advantages of hydroelectric power is that electrical energy can be stored (as
pent-up water in reservoirs) when the energy obtainable from the water flow exceeds

the demand, and released when demand incases or as required.

There are three general types of hydreelectric plants:
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a) Runof-the-river Hydro Plants The power output at any time is solely dependent on
the current amount of lowAT A T AOO hAhe riverE AAA &

b) Reservoir Hydro PlantsThese use reervoirs (or dams) to store excess water that is
released as needed to produce energlReservoir Hydro plants therefore tend to have
a higher firm capacity and hence higher capacity factors than ruof-the-river plants.
However, the additional cost of theeservoir makes storage plants significantly more

costly to build.

c) Pumped Storage Hydro Plantkike Reservoir Hydro Plants, these use reservoirs (or
dams) to store water. In addition, however, water released downstream of the
reservoir can be pumped backnto the reservoir (for later use) when excess energy

is available from other sources.

Hydro plants are alsocategorized according to their maximum power producible into:
large hydro (>50 MW), medium hydro (10 MWz 50 MW),small hydro (1 MW z 10 MW),
mini hydro (100 KWz 1 MW), micro hydro (10 KW - 100 KW), and pico hydro (10KW
or less). As a general rule, mediumd large hydro plantsusually feature a reservoir or

storage facility, while smaller hydro plants are usually rurof-the-river types.

Environmental Benefits/Costs

Like the Wind and the Sun, Hydro has a neaero GHG emissions footprinHydro: about
0.015 tCO2e GHG per MWh of electricity generatéd/ikipedia: Emissions Intensity,
2011). This is lower than thecurrent grid GHG emission rate of 0.289 tCO2e GHG per
MWh; so introducing another hydro plant into the supply mix would further lower the

grid GHG emission rate.

CDM EARNINGS TRACKER

A 5 MW runof-the-river hydro plant would generate 5 MW x 40% capacityactor x 8,760 hours = 17,59
MWhs of electricity per year.

Over a tenyear project evaluation period and using the current grid emission rate as the baseline, this
would yield 10 x 17,520 x (0.28% 0.015) = 48,005 CERs. At a price of $25 USD per CERsédhzn be
traded in for $1,200,120 USQundiscounted valug about 12% of the initial cost of the project (@ $2
million USD per MW of installed capacity).

However, some Hydro plants, especially those that use storage reservoirs and constrain
the natural flow of the river, are considered environmental hazards as the buidp of
water behind the dams destroys some terrestrial habitats, whilst the uneven flow

downstream of the dam destroys botherrestrial and marine habitats.

The latter issue has been at thbeart of numerous, weltpublicized public and legal
disputes between hydro developers and various interest groups and environmentalists
both locally and abroad. The Chalillo Project was delayed by nearly two years mainly

because of vigorous opposition fronenvironmental NGOs.
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Resource Availability and Utility -scale Supply Potential

INn1990h A AT I POAEAT OEOA -édotfichveripeientalvesE UAS8 O EUAOI
commissioned by BELand conducted byCIPower, a Canadian consultancy firmAt that

time, the consutants found that Belize had approximately 70 MW of developable hydro

potential, capable of yieldng 330,000 MWh of annual energythroughout 12 sites

countrywide: 60 MW of the total potential was located on the Macal River.

To date, just over 50 MW of hybpower has been developed on the Macal Rivéin the
Cayo District)in a cascading scheme formathe 7 MW Chalillo Hydro Plantthe 25.2
MW Mollejon Hydro Plant, and the 18 MW Vaca Plant. The Chalillo Hydro Plant has a
reservoir with a storage capacity 120 million cubic meters (of water); the Mollejon
and Vaca Hydro Plants have minimal storage capacitgpproximately one million cubic
meters eachp5. An additional3.2 MW run-of-the-river hydro plant, Hydro Maya, was
also builtonthe2 ET ' OA 2 £ Aj@@ Tifedo District. Together, all four hydro
plants generated 263,500 MWh of electricity in 2010.

Figure 3.1.10: The Chalillo Hydro Plant is part gf ? 50 MW cascading scheme on the Macal River in
elize

The remaining sitesscreened in thel990 CIPowerReport,that have not yet been
developed include: Rubber Camp (15 MW), Swasey Branch (3 MW), South Stann Creek
(2 MW), Bladen Banch (2 MW), and Rio On (0.6 MW)However, a hydro project at
Rubber Camp is no longer possible becaugs potential output has been sibstantially
reducedas a resultof the development of Chalillpandin any case it wouldlikely have
faced similarenvironmental concerns brought to the fore during the protracted debates

over the construction of Chalillo

55 Based on data providedy Mr. Joseph Sukhnandan, former Vice President of Energy Supply at BEL.
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In2006,an ®AAOAA ET OAT O1 Odlectricfoténtal wasicArde® ouEbyeA O 1
Finland-based firm Electrowatt Ekono on behalf of BECOL. The study identified a
further four projects with good potential for developmentin addition to other sites

named in the CPower Report upgrading the Chalillo Plant with an additional 16 MW of
capacity by utilizing the unused head between the Chalillo Plant and the Mollejon water
intake point; an 8.4 MW cascading schemen the lower Macal Riverdownstream of the
current VacaFalls Plant; a 1520 MW cascading scheme of losmead power plants along
the Mopan River;and a possible largescale project at the Chiquibul site near the border
with Guatemala with similar project characteristics to the existing cascading scheme on
the Macal RivepS. The total undeveloped hydro potential (for small, medium and large

hydro plants) of Belize is thereforeestimated to be in the region of75 to 100 MW7,

Assuming that the full remaining hydro potential isapproximately 75 MW with a
consavative capacity factor of 40968, the usable energy potential of currently
undeveloped hydrogeneration is approximately = B x40% x 8760 =262,800 MWHs
per year. Adding this to the 263,500 MWHsgenerated from Mollejon, Chalillo, Vaca and
Hydro Mayain 2010, the usable energy potential of hydro generatiom totum
countrywide is estimated at 526,300 MWhs per year: sufficient to meetll of our current

electrical energy needs.

Production Costs

Hydropower Cost Projections (2012040)
$0.4500 === Small hydro w/o carbon cos
$0.4000 —
< $0.3500 . =@ Small hydro w/ carbon cos
2 $0.3000 — I
Medi 1
,g- $0.2500 4‘/0 edium hydro w/o carbon cos
o $0.2000 ==e=edium hydro w/ carbon cosi
% $0.1500
$0.1000 = z 'Y === Baseload diesel generation w/o carho
$0.0500 L L L —a—= L cost
$0.0000 Baseload diesel generation w/ carbdrn
2010 2015 2020 2025 2030 2035 2040 cost

Figure 3.1.10.1: Cost Projections for Hydropower vs. Diesel Generation for 2010 -2040
Fortunately, Belize has had experience with commercial scale hydro for over 15 years
AT A OEA 0OOPDI EA OO &ocan@iet ATde ekefgppkodutdd Adm the AT |
medium-sized hydro schemes (Mollejon/Chalillo/Vaca) costs USD$0.096 $0.11 per

56 The report did not provide an estimated output plant capacity: but this has been assumed to be in the
region of 25 to 50 MW, since it has similar characteristics to the existing Mal River cascading scheme.
57 In the 2003 Energy Sector Diagnostic Report by Launchpad Consulting, Dr. lvan AzufBiavos” had
estimated that an additional 35 MW of hydro potential exists in Belize: the basis for this estimate was
however not provided.

58 The Hydro Maya Plant has consistently maintained a capacity factor above 50%.
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KWh in 2010: this falls at the higher end of the LCOE range for meditsized hydro
plants in countries worldwide. Energy from the only rurof-the-river small hydro plant,
Hydro Maya, costs approximately US$0.07 per KWh: this falls at the lomend of the
LCOE range for small hydro plants in countries worldwide. This cost will remain fixed

for the entire PPA contract period.

Although energy from the Hydro Maya project costs less than energy from the
Mollejon/Chalillo/Vaca cascading scheme, it mst be borne in mind that the scheme, by
virtue of its reservoir in the Chalillo Plant, provides firm capacity and storage
throughout a significant portion of the year in addition to energy; the Hydro Maya Plant

capacity on the other hand varies directly wh water flow in the Rio Grande.

Figure 3.1.10.1 above compares the projected trends in the cost of small and medium
hydropower generation with baseload diesel generation costs over the forecast period
2010-2040. The projected increasing cost differenél is due principally to the projected

increases in the cost of diesel fuel.

Geothermal Energy

State of the Technology

s 3 oA N =

(

Geothermal energy occurs as eheat streamsthat ise 0T OEA A A 0ddhEwoO OO O A£A /
sources heatemanating/ZEOT I OEA OAAET AAOEOA AAAAU | £ Al Al

and heat trickling through the mantleand crust/ZEOT I OEA Aheehead O AT OAS8

s s oA N =

currentsarel T OA ET OAT OA ET AOAAO xdvwherdnatbtdlA AAOOE S (

conduits to the surface- suchas volcanoesgeysersand ha springs - occur; or where
man-made conduits existin the form of holes drilled for oil, natural gas and water
extraction. As a consequencegeothermal energy developments havkistorically been
limited to these areasHowever, recent technological breakthroughs and the rising cost
of traditional energy sources have considerably expanded the scope of viable

geothermal development. Where natural or preexisting man-made conduits are in

short supply, holescannow be dril AA AAAD AAI T x OEA OOOZAAA OI

hot rocks within the earth - much like drilling for oil - via what are called Enhanced
Geothermal Systems (EGS).

I OAOU OEGT EEZEAAT O AAOAT OACA 1T £ CHiediaA Ol Al
suffer from the intermittency problem that plagues both solar and wind generation

deployments.This makes geothermal development&xtremely suitable for baseload

dispatch in electrical power supply systems.

Geothermal resources can also be used generate electricity; or to supply heat directly,
including: for space heating and water heating, for fish farms and commercial

greenhouses, and for milk pasteurization
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There are three main technologies used for generating electricity from geothermal

resources:

a) Dry Steam Power Generation : Naturally-occurring geothermal steamis pulled

AOT I OEA A A addicttly b orbex@bindd that generate electricity.

b) Flash Steam Power Generation : Veryhot water is piped from naturally-occurring

hydrothermal reservoirs x EOEET OE A ddpless@ired i0lowApte€sir® h

tanks, and the flash steam that is produced as a result is used to drive turbines.

c) Binary Cycle Power Generation : Moderately hot water ispassed throughheat
exchangerst EAAO AT 1 OE A QefrigerdntDthdE Boid at a iiEved E A
temperature than water. The working fluidis converted into gaseous form(when

heated)that is then used to drive turbines The hot water may be sourced from

naturally-occurET ¢ EUAOT OEAOI Al OAOAOOT EOO xEOEEI

waste hot water produced as a byproduct of oil and gas extraction.

Environmental Benefits/Costs

Geothermal systems emit approximately 0.122 tCO2e GHG per MWh of electricity
generated(Wikipedia: Emissions Intensity, 2011) These GHGs occur mainly as carbon

dioxide and methane which are found dissolved in geothermal water and released into

OEA AOi T OPEAOA xEAT OEA xAOAO j I Gott@@dAi q EO

water also contains trace amounts of toxic chemicals such as arsenic and mercury.

EGS development in particular can also induce seismicity (earthquakes) in the

immediate vicinity of the area where the hydrothermal reservoir is being developed.

Resource Availability and Utility -scale Supply Potential

There isno record of any comprehensive study of Al EUAS O 8ebtirAialOE A |
energy development being done in the recent pasA part of the reason for thismay be
that Belize, unlike most of its Central American neighbors, does not fall within any of the
major young and active volcanic belts and has been deemed not to possessdaple
geothermal resourcesHowever,there is evidence that volcanic activityoccurred in the
South-West region of Belize in the past and it is likelthat low-temperature geothermal
resources(that can be exploited using Binary Cycle Power Generation technologygy

be found in that areaA 2007 Energy Sector Review commissioned lilge IDB briefly

noted that an RE experhired bythe GOEEAA | AT OET T AA OEAO OEAOA

geothermal resource in the South of Belize, but that it wasot possible to confirm the
claim (Arbeldez, 2007) Gven high oil prices, EGS once commercially rolled out- should

therefore be considered armoption worthy of further investigation in Belize.

59 The most notable to date occurred in the City of Basel, Switzerland, when an EGS project had to be
canceled in December 2009 after over 10,000 seismic events were recorded dugithe first 6 days of

water injection (Wikipedia: Induced Seismicity in Basel, 2011)
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Biomass

State of the Technology

Biomass is often considered the oldest source of renewable energy, going back to the
ancient times when it was used to fuel fires for cooking and heating. Biomass refers to
agricultural, industrial, animal and human waste: includingpagasse (from sugar
processing),saw dust (from wood processing), forest and crop residuespanure (from

cattle and poultry), liquid waste from sewers and septic tanksand MSW

Energy is produced from biomass by burning it to produce steam that is used directly for

heating, or to drive industrial motors, or to drivesteamturbines to generate electricity;

itmay alsobeAT T OAOOAA O1T OOUI CAOGs6 OEAO EO OEAT OOA
electricity. Most modern biomassbasedplants are built as cogeneration facilities, where

the biomass is burnt to produce highpressure steamthat drives turbines to produce

electricity; the exhaust low pressure steam is then used in one or more heating

applications. Recent advances in technology havalsocreated a new opportunity for

converting biomass into cellulosic ethanol that can then be used as transport fuel

replacementi 4 EEO xEI 1 AA EAOOOEAO AEOAOOOAA .01 AAO «
Of course, the conversion of biomass (waste) to electricity and/or cellulosithanol has

the added benefit- sometimes the primary benefit- of getting rid of the waste at the

same time.

However, unlike Wind and Solar, there are significant environmental risks associated
with biomass combustion and gasification; mainlyit can use large amounts of water and
cause air pollution (and hence damage habitats and ecosystems). The teclogy and
conversion process used to produce secondary energy from biomass must therefore be
carefully selected and monitored in order to mitigate the harmfukffectsof its

production.

Environmental Benefits/Costs

Plant-based biomass power plants emit (ngtzero tCO2e GHG per MWh of electricity
generated: this is because most of the GHGs that are emitted during combustion are
biogenic (that is, the emissions are part of a closed carbon loop and are balanced off by
the natural uptake of carbon dioxide duringplant growth OR are considered part of the
natural cycle of CQsequestration and release). Obviously, introducing plaAbased
biomass power plants into the supply mix will lower the grid GHG emission rate. Beyond

this, burning residues as fuel in power [ants is disposing of them for free!

MSWHired (Waste-to-Energy or WTE) plants, on the other hand, emit over 0.6 tCO2e
GHG per MWh of electricity generated. However, if the waste source is biogenic, then the

net emissions are zero.
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Resource Availability a nd Utility -scale Supply Potential

Bagasse

In 2010, approximately 43,675 tonnes ofbagassewas produced by theBSI Factory©
from 1.167 million tonnes of sugar caneAbout 75% of thisbagasse, along with 229,420
gallonsof heavy fuel oil was used in steanturbines to generate97,961 MWh of
electricity and 456,270 tonnes of low pressure steam (used in boilersJhe electricity
generated from the steam turbines was supplemented by an additional 5,748 M\Wbf
electricity from diesel generators to supply the iternal electricity needs of BSI and
BELCOGEN (55,077 MV, andthe remaining 48,632 MWIs was sold into the grid.
According to BSI, the output to the grid could have been doublétb approximately
100,000 MWhs)if all of the bagasse produced was burrtb produce high-pressure

steam

Non-Bagasse Sources

21 OCE AOOEI AOGAO T &£ "Al EUABO AET T AOGO bi OAT OEA
2009 OASCellulosic Biomas Study!. This study assessed the quantity of dry biomass

obtainable from agricultural and forestry residues (excluding bagsse from sugar cane

processing) and MS\82. The studyestimatedthat a total of 3 million US tons of biomass

was available as possible feedstocfor energy production in 2008: 2.42 million tons

from agricultural residues, 022 million tons from forestry residues,and 0.35 million

tons from MSW.The authors concludel that approximately half of this resource can be

economially converted into bio-fuels (or electricity), and that maximum available

production could easily exceedhis with further expectedtechnology developments and

a greater focus on optimal land management.

If we assume that onethird of the total 350,000 tons of MSW is generated in the Belize City and
surrounding areas and that 50% of this waste can beollected for electricity generation, then we can
produce 0.6MWh/ton x 50% x 1/3 x 350,000 = 35,000 MWh of electricity per year. This is roughly 15% of

the current electricity demand of the Belize District.

Using conversionrates from of 0.6 MWI#$3 of electrical energy per ton of biomass, and
assuming that 50% of this resource can be economically harnessed, we can potentially
obtain 0.6 MWh/ton x 50% x 3,000,000 = 900,000 MWHh of electricity per year from

biomass, not including bagase and animal and human wste.

60 Which currently comprises the entire sugar processing industry.

61 (Contreras & De Cuba, Cellulosic Ethanol Teablngy as Waste Management tog the Belize Potential,
2009)

62 Biomass from manure and sewage were apparently not taken into account.

63 Derivation based on:600 metric tons (660 short tons)of MSWwill produce about 400 MWh of electrical
energy (Wikipedia: Incineration, 2011).
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The total electricity currently producible from available biomass sources
including bagasse but excluding animal and human waste, is therefore 1,000 ,000
MWh per year . This is roughly twice our current utility -provided electricity

consumption.

Production Costs

Electricity from Bagassep OT AOAAA AO "3)60 41 AAGT QEI I A& ENA
national grid, currently costs approximately $0.117 USD pekWh; and (per contract) is

expected to increase by 2% each yeaThis figure falls at the higher endf the range of

costs for electricity produced from solid biomass for utilityscale projects around the

world; that is, from $0.05 to $0.12JSD perKWh. We can assume that energy from a

plant using forestry and agricultural residues and MSW as the main fuel source will cost

in the middle to upper endof this rangearound $0.010USD perKWh.

Biomass Energy Cost Projections (2e2@10)
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Figure 3.1.11: Cost Projections for Biomass -based vs. Diesel Electricity Generation for 2010 -2040

Bio-fuels have garnered a lot of attention as a renewable energy source ever since

"OAUEI 80 EOCA OOAAAOO xEOE OADPI AAET CinCAOI T EIT
more recent times with the emergencef their versions of flex-fuel vehicles that can run

on varying blends of gasoline and ethanoWhile wood (used mainly for cooking)

continues to be the most widelyused biofuel by far, here are three main biefuels that

hold much promise and which have beethe focus of significant R&D efforts worldwide:

caneethanol, cellulosic ethanol and biediesel.

Wood Fuel

State of the Technology

Large quantities ofwood fuel (firewood) are used mainlyfor residential cooking and
water heating in the rural parts of Belize and for producing lime that is used in fertilizers

and for tortilla -making.
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The disadvantages of using firewood for cooking and heating are frequently highlighted

as:

Figure 3.1.12: Premature deaths yearly worldwide due to the use of biomass for cooking compared
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Cooking by using firewood to fuel open or seratlosed hearths uses up precious
resources in an inefficient way (~10% overall efficiency; that is total energy

absorbed by what is being cooked as a % of energy content of wood used to cook it).
Modern wood-burning stoves can be over twice as efficient (2@5% on average)

Note these cost appx. $600 to $3,000 US[Biogas Support Program, Nepal Study
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Theincomplete burning of firewood causes the emission gbarticulate matter and
other toxic and carcinogenic substancemto the air - mainly carbon monoxide, but
also benzene, butadiene, formaldehyde, polgromatic hydrocarbonsand many other
compounds(Smith, 2011) - that can caug serious illnesses especially in women and
children, who are usually the ones at home when food is being prepareiccording

to Kirk R. Smith,Professor Environmental Health Sciences at the University of
Calfornia at Berkeley, health effects caused bgontinual biomass fuel use in

ET OOAET 1 A céhroricoBstrubtikefpul®onary disease, such as chronic
bronchitis and emphysema, in adult women who have cooked over unvented solid
fuel stoves for many yearé
(pneumonia) in young children, the chief killer of children worldwided (Smith, 2011).

Firewood therefore has come to represent an oppressive and discriminatory form of

energy.

11 OET OCE

other health conditions in a number of other studieé(Smith, 2011).

Because firewood is retrieved from forests that are not always close to the point of

consumption, transportation costs- which for most rural communities occurs in the
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Adcute irections of the lower respiratory tact

T 1T @masdfdeEuseeh@siis@hddn fodhd to be associated with

tuberculosis, cataracts, low birth weight in babies of exposed expectant mothers, and

28
Millions of deaths annually (IEA estimatesbased on WHO figures)
1.6
1.2 13
Malaria Smoke from Tuberculosis HIV/AIDS

biomass*

with other well -known causes (Source: WEO 2006)
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The use of firewood destroys forests. In adtlon to being the natural habitat of
thousands of species and protecting biodiversity and land integrity, forests are the
major terrestrial carbon sink and so play a very important role in maintaining the

natural balance of the tenuous carbon cycle.
There are however advantages to using firewood as a fuel source:

It is indigenous: Unlike LPG, used for cooking by over 80% of households
countrywide and that is sourced from Guatemala and Mexico, the use of firewood

does not represent a drain on our FX balan¢as it is produced locally.
It is renewable, if used sustainably.

It is carbon-neutral (the carbon dioxide it releases when burnt is the same amount
that was sequestered from the atmosphere when the tree was growing): the net GHG
emissions are zero, espaally because its preparation incurs minimal use of fossil

fuels.

Wood fuel can burn as cleanly as LPG if wood charcoal is used instead of firewood
and improved cooking stoves and vents are used to minimize incomplete combustion

and prevent the spreading 6 smoke within the household.

Environmental Benefits/Costs

Like all plant-based biomass, the combustion of wood fuel (for energy) results in zero

net GHG emissions, as the carbon dioxide released during burning is the same carbon
dioxide that is absorbedduring plant and tree growth. Moreover, because wood

collection is mostly done by manual labor, minimal GHG emissions occur as a result of its
OPOl AOGAOGEI T 08

However, as referred to earlier, firewood burns incompletely when combustion occurs

in traditional fire hearths, thus releasing particulate matter (PM) and other toxic and
carcinogenic substances into the air that can cause serious respiratory illnesses
especially in women and children, who are usually the ones at home when food is being
prepared. Moreover, uncontrolled collection of firewood leads to deforestation which

can affect biodiversity and land integrity.

Resource Availability and Supply Potential

No specificindigenous wood fuel consumption datacould be obtained from local
sources,therefore data provided by international organizations had to be used to
estimate total nation-wide consumption. According to FACestimation, 579 kg (1.127
cubic meterg of wood are consumed per capita for households that use woddel (inc.
dried wood and charcoal)as the primary means of cookingOLADE estimates a much
higher figure - 1284 kg per capita for dried wood and 536 kg per capita for charcoal
based on data gathered from its member@Hernandez, 2011) From the 2000 census,

approximately 16% of households in Belize usgwood for cooking. Assuming this
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proportion is the same in 2010, then the total quantity of wood consumed by 16% of the
80,000 households in 2010 1284 kgé4 x 16% x 80,000 households x 3.persons per
householdx 19.2 MJ/kg= 1,230 TJ

There is an alternate method for estimating the quantity of wood fuel consumed. Using
wood fuel for cooking is on average approximately four (4) times less efficient than
using LPG. The total quantity of LPGsed by the 67,200 households that used LPG in
2010 was aboutestimated at 34 TJ. This works out to approximately8.39 GJ per
household per yeaf>. A household using wood for cooking (assuming all households
cook on average the same amount of food) wilhterefore use33.56 GJ per year; that is, 4
x 8.39 GJUsing this method, he estimated energy content of wood consumed by
households in 2010 was therefore83.56 x 16% x 80,000 households #429.57 TJ This is
just over 1/3 of the quantity derived using theOLADEfigures.

It could not be determined ifeither of the derivedrates of wood fuel consumption were
sustainable.In addition, there is no data available on how firewood is collected and 1e
distributed to consumers: in particular, the percentage that igollected directly by
households and the percentage (if any) that is collected by middlemen and sold to
households. This kind of data is needed in order to assess the efficiency of the collection
and re-distribution process and so determine if the industy (whether informal or not)

could benefit from commercialization.

Production Costs

The collection and distribution of wood fuel is not usually accounted for in the formal
energy sector: hence, no price is placed on a given quantity of wood fuel at souiCiee
/' 3 2 A@Ilulésfe EtBanol Technology as Waste Management ible Belize

Potentialb D OT OEAAO A AAlI AOI 6O &I O AAOAOI ETET ¢ OE

used in the production of cellulosic ethanol. Working backwards from the resultshis
cost was deciphered to be $37.82 USD per dry metric ton of wood residg&dt should
be borne in mind that this is the cost of collecting wood from deentralized source sites

and transporting it in trucks to a centralized location.

We can reasonably ssume that the cost of a single person collecting wood and
transporting by foot or horseback to his home will beat least$37.82 USD per dry metric
ton. On an energybasis, this is $0.00197 USD per MJ or $0.00709 USD per KWh.

64 Using the OLADE figure for wood fuel only (and assuming relatively negligible charcoal use). The
reasonableness of this assumption would of course have to be tested via a later more detailed study on
actual local wood fuel usage.

65 This is half the average LPG consumption per household of 15.9 GJ derived from the OLADE statistics
(Hernandez, 2011)

66 Based on data contained in the report{Contreras & De Cuba, Cellulosic Ethanol Technology as Waste

Management toolz the Belize Potential, 2009)
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Wood fuel Cost Projection0102040)
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Figure 3.1.13: Cost Projections for Wood Fuel vs. LPGfor 2010 -2040

Cane Bioethanol

State of the Technology

Bioethanolis ethanol (a high-octane liquid fuel) produced bya process that converts

plant starch to alcohol.lt can be produced from a variety oplant sources, including

sugar cane (Brazil), maize (USAyugarbeet (Europe) and cassavdn Brazil, sugar and
ethanol are produced on an integrated basis: the relative amounts of sugar and ethanol
produced in any crop period is influenced by the relative market prices of these
commodities (Xavier, 2007).

EthanolEO Al AT AAA xEOE CAOI 1 ETA O bDOT AOGAA OAOEI
example, E10 is a blend of 10% ethanol and 90% gasoline; E25 is a blend of 25% ethanol
and 75% gasolineAlthough the net calorific value of ethanol is lower than that of

gasoline, the price differential between the two and the better performance of ethanol
conversion engines usually make the costper unit of energy produced- cheaper for
ethanol blends. Moeover, ethanol has about 2680% lower carbon emissions per unit of

energy output than gasoline.

Environmental Benefits/Costs

7.3 kg of C@-equivalent GHGs are emitted for each gallon of bioethanol combusted.
However, approximately the same amount of Gs sequestered from the atmosphere
during the growth of the sugar cane or corn plant that is used to produce the ethanol. So
the net GHGs emitted are zerdn reality, indirect emissionsdo occur when energy from
other sources is used duringproduction, transport, storage and distribution; but this

depends on the particular production process used, as well as the plant source.

Ethanol is also used as a substitute for lead additives in vehicle fuel, thus improving air

quality especially in urban centers mosprone to traffic congestion.
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Resurce Availability and Utility -scale Supply Potential

7TEEIA "AITEUA8O 111U AAOEOA OOCAO POl AAOOET ¢
start producing ethanoF’, this possibility is not completely off the table, as # Banco

Atlantida Group, the Hondurasbased consortium that has been negotiating with GOB

and BSI to purchase majority stock in BSI, has expressed its intention to expand

operations and explore all profitable growth opportunities if a deal can be

consummated.

In the meantime,there are two other major ethanol production projects thatare in the
planning stages The first is at the Libertad Sugar Factory, which had been bought over
by a Mexican consortium with the stated intention of producing ethanol forxgort. Little
further development has occurred since the purchase however, anat last report, a
change in strategy towards producing sugar was being contemplated, givthe trend of
favorable prices for sugar on the world market. The second is an etharimb-refinery

and cogeneration plant to be locatedin the Big Falls aregof the Belize District), and
which is to be sourced fromsugar cane grown or80,000 acres ofsurrounding farmland.
The bio-refinery will have the capacity to produce up to 30 millim gallons of ethanol per
year, and the power plant will be capable of generating 25 MW of electricity, 9 MW of
which will be sold into the national grid.The project developers, a USAased company
with experience in biofuel production in Africa and Brazi] are considering building a
pipeline from the factory location to the sea port in Big Creek through which the ethanol
will be transported for eventual exportt8. This plan is still in its conceptual stages, and

negotiations are currently underway to acquirethe land in Big Falls.

In any case, st of the required infrastructure for the production of ethanolis already

in placeat the three distilleries in Belize The oty componentmissingis the required

facility for the dehydration 92-96% aqueousethanol into 99.5%ethanol. Even so, he

blending facility, testing equipment and knowledge required to complete the pross

was onceavailable in the countryasOi A1 1 NOAT OEOGEAO T £ %yuv OCAO
locally in 2009. Aside from market hurdles, oneof the concernsnoted at the time was

the need to carefully managé¢he introduction of more easily availablealcohol in high

guantiti es in the market. hesenon-technicalissues couldbe addressed withfurther

research.

Production Potential

Brazil gets inthe range of 6,8008,000 litres of ethanol per year from each hectare of

land planted®, and is working on new techniques and technology to ramp this up to

67 Per information received from Hon. Godwin Hulse (October 2011).

68 |bid

69 Deduced from data provided inWikipedia - Ethanol Fuel, 2011)and (Wikipedia - Ethanol Fuel in Brazil,
2011).
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9,000 litres per hectare per year(Wikipedia: Ethanol Fuel in Brazil, 201). Belize has
approximately 809,000 hectares of land suitable for agriculture (just over 35% of total
land area), with less than 10% under cultivation or being used as pasture lan@iSIA
FactBook, 2009) If we assume that % of this land, or about 100,000 acresgan be
designated for ethanol (from sugar cane) production and that we can get just over cne
half the lower end of the current yields that Brazil getsthen we can potentially produce
3,500 x 5% x 809,000 = 141,5750 litres (or 37,400,000 US gallons) of ethanol per
year. This is equivalent to 24,933,333 gallons of gasoline per year on an energy content

basis: about 25% more than our current yearly (gasoline) consumption.

Production Costs

Although Brazil produces sugarcanebased ethanol for as low as $0.83 USD per gallon
(Wikipedia - Ethanol Fuel in Brazil, 2011) the experience of other countries in the

region has not been close to the same: Jamaican ethanol costsr&&50 USD per gallon

O DbOi AGAA AT A AOGEATITI1 &EOIiI -AgEAT Al 00O
production cost would be closer to that of Jamaica or Mexico, and theneethanol can

today (or in the near future) be produced in Belize for aroud $1.60 USD per galloff.

Cane Ethanol Cost Projectio(@1062040)
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Figure 3.1.14: Cost Projections for Cane Ethanol v s. Gasoline for 2010 -2040

Cellulosic Bioethanol

State of the Technology

Cellulosic ethanol, also called secorgeneration bicethanol, is ethanol that is derived
from cellulosic plant fiber found in agricultural and forestry residues; manure and
human waste; am the organic component of MSWAIthough the technology for
producing cellulosic ethanol is still in the pilot and demonstration phase, it is already

showing significant advantages over conventionacaneethanol:

70 This estimation is alsobased onthe cost of $0.63 USD per litre of gasoline equivalent for cane ethanol

provided in Figure 13 of the IEA Technology Roadap z Biofuels for Transport (2011).
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a) its sources are abundant;

b) because it can be derived from noffiood sources, it does not have to compete with
agriculture for land, and can in fact be incorporated into the agricultural production

value chain;

c) ithasmi OA OAT Aocu AT O1 AA6 } OEAO EOh EO OAEAO

d) it emits less GHG during production
e) although not yet commercially produced, all indications are that it wilbe

considerably cheaper than gasline z and conventional ethanol- on a pergallon

basis.

Environmental Benefits/Costs

7.3 kg of C@-equivalent GHGs are emitted for each gallon of cellulosic ethanol
combusted. However, since cellulosic ethanol is mostly derived from agricultural and

forestry residues, the net GHGs emitted during itéfecycle are also neaizero.

Utility -scale Supply Potential

An additional 50,000,000US gallons of ethanol

per yearcould be produced if available biomass O0) £ } xA OOA AE
produce cellulosic ethanol,

xA AAT bDi OAT OE

were used to produce cellulosic ethanol instead

of electricity (Contreras &De Cuba, Feasibility

Study on the Cellulosic Ethanol Market
Potential in Belize, 2009) which is equivalent
to 33,333,333 US gallons of gasoline per year
this is almosttwice " A1 Ecurdrd y@arly
gasoline requirements.

Note however that the waste hat from biofuel

production can be used to generate electricy,

so production of ethanol andelectricity from

50,000,000 US gallons of
ethanol per year, which is
equivalent to 33,333,333

US gallons of gasoline per
year: this is almost twice

our current gasoline
OANOEOAI AT 608¢

cellulosic biomass are not necessarily mutually exclusive.

Production Costs

The OACellulosic EthanolReport concludes that cellulosic ethanol cabe produced in

Belize for between$1.64 to $2.17 USD per gallon using 2008 technolognd between
$0.0873 to $1.40 USD per gallon using 2012+ technolo¢@ontreras & De Cuba,
Feasibility Study on the Cellulosic Ethanol MarkeRotential in Belize, 2009) It is

therefore reasonable to assume that cellulosic ethanol can be produced for about $1.10

USD per gallon, when the technology becams available in the near futurél. These

71 The mid-point of the $0.0873 to $1.40 USD per gallazpst range.
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projections are however far lower than the $2.30 USper gallon for 2020provided in
Figure 13 of the IEA Technology RoadmapBiofuels for Transport (2011): This
discrepancy may be due to the assumptions made with regard to feedstock costs, which
can make a substantial difference in the final cost resulteind additional retail

marketing and distribution costs.

Based on data used in the OAS Report, it is estimated that roughly 60% of the cost per
gallon of cellulosic ethanol flows out of the country to pay for capital, specialized

maintenance services angénzymes.

Cellulosic Ethanol Cost Projectio(®1062040)
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Figure 3.1.15: Cost Projections for Cellulosic Ethanol v s. Gasoline for 2010 -2040

Biodiesel

State of the Technology’2

Biodiesel is diesebproduced by
mixing ethanol or methanol with
vegetable oil,animal fats,or
recycledcooking oilin a
transesterification process
Vegetable oil sources include
palm oil, coconut oil, canola oill,
corn oil, jatropha seed di

cottonseed oll, flex oil, soy oil,

peanut oil, sunflower all,

rapeseed oil and algae. Figure 3.1.16: Fruit coatings and seeds from Jatropha
Curcas L. plants grown on Maya Ranch Plantation in Belize

Biodieselcan be used with any (Courtesy: daSchio, 2010

diesel engineas a fuel alternative(to petroleum diesel) or as a fuel addiive to reduce

vehicle emissions

72 Much of discussion below based on information gleaned froifshumaker, McKissick, Ferland, &

Doherty).
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