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Electric vehicles ȰÒÅÆÉÌÌÉÎÇȱ ÁÔ Á ÓÏÌÁÒ-powered charging s tation 1  

                                                        
1 SOURCE: Mukhar, N. (2011). What do Electric Cars have to do with Solar Energy? Retrieved April 

2011, from getSolar.com: http://www.getsolar.com 

òThe significant problems we face 

today cannot be solved at the same 

level of thinking as when they were 

created"é. Albert Einstein 
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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 CEO, Colonel George Lovell - to understand what particular  expectations they 

had beyond the stipulations of the TOR. It became clear to us that what was required by 

them was a document that pointed the way to an efficient energy sector within the 

context of BelÉÚÅȭÓ ÐÁÒticular strengths and constraints. The Minister and his CEO were 

insistent that our recommendations should be practical, actionable ÁÎÄ ȰÌÏÃÁÌȱ ɀ how can 

we best use our indigenous resources to achieve our objectives. Furthermore, they 

emphasized the need for us to establish national priorities given financing constraints 

and come up with ways to reverse the trend of the increasing foreign exchange outflows 

that is normally associated with the energy sector especially in these times of rising oil 

prices. 

This document seeks to fulfill the wishes of the Government, as well as the requirements 

of the more detailed terms of reference. It is geared towards  two main audiences: 

policy-makers and decision-makers, specifically  Ministers of Government, CEOs and 

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 actionable ɀ and not another report destined to be shelved and 

used mainly as a reference for even more reports.  

Some further explanations and caveats: 

Á The format of this Report does not adhere strictly to the Draft National Energy Policy 

Framework disseminated by the CARICOM Secretariat. We have, for instance, 

intentionally refrained from presenting general situational analysis-type data and 

information describing the economy, geography and other aspects of Belize that have 

already been well documented and repeated countless times in so many other 

reports. 

Moreover, we have also generally shied away from doing any in-depth analysis of the 

strengths, weaknesses and peculiarities of the various institutional structures that 

currently govern and regulate the various sub-sectors of the energy sector. Though 

understanding how these work is critical to final policy formulation, we decided 

instead on what we believe is a more foundational approach: focusing mainly on 

understanding the current energy supply and demand situation in Belize; assessing 

the energy supply-side and demand-side options we have at hand ɀ or will soon have 

ɀ to solve the problems that face us now and in the future; proposing a least cost 

plan(s) for achieving our objectives, in the form of a sequenced roll-out of the most 

cost-effective of these options; and finally recommending policies that can be 

implemented to stimulate and guide action along the path of the least cost plan(s). It 

is our hope that this emphasis on Ȱ×ÈÁÔ ÃÁÎ ÂÅȱ ÁÎÄ Ȱ×ÈÁÔ ÓÈÏÕÌÄ ÂÅȱ instead of 
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Ȱ×ÈÁÔ ÉÓ and what is ÎÏÔȱ will engage policy-makers and engender forward -looking 

and innovative policy decision-making and action in the energy sector.  

Á Secondly, there is a particular emphasis on numbers and financial analyses in this 

Report. There are two main reasons for this focus: so that policy makers reading this 

document are able to understand what perspective was taken when making our 

policy recommendations and what assumptions were made, and in any event to 

provide and document a methodological framework for future reference.  

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

ȰÁÓÓÕÍÐÔÉÏÎÓȱ ÍÁÄÅ Én the financial analyses done throughout the document. There 

ÁÒÅ Ô×Ï ËÉÎÄÓ ÏÆ ÓÕÃÈ ȰÁÓÓÕÍÐÔÉÏÎÓȱȡ ÅÓÔÉÍÁÔÅÓ ÏÆ Á ÐÁÓÔ ÏÒ ÐÒÅÓÅÎÔ ÃÏÎÄÉÔÉÏÎ ÁÎÄ 

estimates of a future condition. For the former, these estimates are, for the most part, 

backed-up 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 a what-if analysis. Therefore, the numerous 

ȰÁÓÓÕÍÐÔÉÏÎÓȱ ÉÎ ÎÏ ×ÁÙ undermine or water down the factual foundation of the 

analyses. Even so, where estimates of a past or present condition are not substantially 

supported, these should be regarded as data shortcomings that point  to the need for 

further research and study in the specific area. 

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

ÐÒÏÐÏÓÅ ÍÁËÅ ÓÅÎÓÅ ×ÉÔÈÉÎ "ÅÌÉÚÅȭÓ ÃÏÎÔÅØÔȟ ÁÎÄ ÔÏ avoid as much as possible falling 

into the trap of proffering ideas that are driven by special-interest agendas and 

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

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

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

assumptions of what the facts are). 

Á Finally, we are well aware that energy policy formulation should as much as 

practicable be based on pertinent data and facts; otherwise recommendations may 

well end up altogether irrelevant or ɀ worse - lead to counter-productive action. The 

major challenge  we faced in preparing these policy recommendations was 

getting relevant  and reliable data , especially with regard to the current state of the 

energy sector, and given the time constraints and scope of the study. In many cases, 

data and information on local activities were simply not available. 

We decided very early on that this would not deter us from performin g the 

supporting analyses ɀ and so establishing a methodological framework ɀ 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, or use regional or international 

averages or benchmark data or what we felt were reasonable assumptions; on the 

premise that they would be updated with more accurate data in future iterations of 

the National Energy Policy.  
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If there is one last point we wish to reiterate therefore, it is this: With this Energy 

Policy Document, the Government of Belize has now taken a first necessary and bold 

step to guide the development of the energy sector along a path 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 have the correct data and the facts in hand are we able to make 

the sound decisions that lead to targeted, timely and efficient action! 

 

Ambrose Tillett, Team Leader 

Jeffrey Locke 

John Mencias 
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INTRODUCTION 

Background  

At the start of the second decade of the 21st Century, Belize finds itself in midst of the 

throes of a looming global energy crisis. As economies around the world grow and 

consume energy at ever-increasing 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 maintain our 

ÌÉÆÅÓÔÙÌÅÓȟ ÔÈÅ ÔÅÍÐÅÒÁÔÕÒÅ ÏÆ ÔÈÅ ÅÁÒÔÈȭÓ ÁÔÍÏÓÐÈÅÒÅ ÃÏÎÔÉÎÕÅÓ ÔÏ ÒÉÓÅ ÔÏ ÐÒÅÃÁÒÉÏÕÓ 

levels. 

How can we make the most of the energy resources available to us to serve our 

economic and social needs in the present and in the foreseeable future as cost-efficiently 

as practicable, while simultaneously mitigating the ravages of energy price volatility and 

the environmentally-damaging effects of fossil fuel use? What part can we play to ensure 

that future generations are not relegated to diminished lifestyles or even mass calamity 

because of the way we harness and use energy now, but that they are instead 

bequeathed stable supplies of efficient and clean energy? What opportunities can we 

forge from our unique circumstances as a relatively energy abundant country in the 

midst of burgeoning demand all around us in the Central American mainland?  The short 

answer is that we must transition to a path of efficient  and sustainab le energy , and 

build resilience  within our energy supply chain(s) ÂÙ ÕÓÉÎÇ ȰÅÆÆÅÃÔÉÖÅ ÒÕÌÅÓ ÁÎÄ ÓÍÁÒÔ 

ÐÏÌÉÃÙ ÆÒÁÍÅ×ÏÒËÓȱȢ 

The purpose of this document therefore is to present a draft National Energy Policy 

Framework (NEPF) that puts Belize on a path to energy efficiency, sustainability and 

resilience over the next 30 years. This is, strictly speaking, not a policy document; but 

rather a document that provides policy recommendations to policy-makers and 

decision-makers, and ɀ where appropriate - discusses the pros and cons of various 

policy instruments that can be used to achieve policy objectives. It is therefore a 

suggested roadmap of where ɀ and how fast - we need to go, how we can get there and 

what it will take for us to get there. 

ȰIf I 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.ȱ 

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

Speech at World Energy Congress held in Rome, Italy on November 2007  

 

 

 

Pierre Gadonneix, Chairman, World Energy Council 
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Study Approach  

The approach taken in formulating thi s draft NEPF comprised of six main activities: 

1) Assessing the major factors driving energy policy-making in the 21st Century. This is 

done in Chapter 1. 

2) Carrying out a brief overview of the main trends and players that are currently 

impacting and that may continue to impact the global and regional energy market, 

followed by a fairly in -ÄÅÐÔÈ ÁÎÁÌÙÓÉÓ ÏÆ ÔÈÅ ÃÕÒÒÅÎÔ ÓÔÁÔÅ ÏÆ "ÅÌÉÚÅȭÓ ÅÎÅÒÇÙ ÓÅÃÔÏÒ ÉÎ 

terms of the inter-relationships between supply and demand, the cost of energy, and 

the related GHG emissions of the different sub-sectors. The results of this analysis are 

presented in Chapter 2. 

3) Conducting a comprehensive assessment of the main supply options, both 

indigenous and external to Belize, available now and in the near future to meet our 

energy needs. This is documented in Chapter 3. 

4) Analyzing various end-use efficiency and conservation measures that can be put in 

place to reduce local demand for energy. This analysis is presented in Chapter 4. 

5) Developing goals and ÓÔÒÁÔÅÇÉÃ ÏÂÊÅÃÔÉÖÅÓ ÆÏÒ "ÅÌÉÚÅȭÓ ÅÎÅÒÇÙ ÓÅÃÔÏÒȟ ÁÎÄ Æormulating 

and evaluating various plans for meeting these strategic energy objectives, and 

which utilize, to varying extents, the supply options and end-use efficiency measures 

referred to above. This is documented in Chapter 5. 

6) Recommending specific policies for ensuring the realization of the optimal energy 

plan (from above) which best achieves the proposed strategic objectives over the 

planning horizon, as well as general policies and a supporting organizational 

framework for administering and guiding the development of the energy sector as a 

whole in line with these strategic objectives. These are presented in Chapter 6. 

Main Study Outputs  

There are four main outputs of this study: 

Á Proposed Goals and Strategies  ÆÏÒ "ÅÌÉÚÅȭÓ %ÎÅÒÇÙ 3ÅÃÔÏÒ. 

Á Three Ȭ)ÎÄÉÃÁÔÉÖÅȭ Energy Plans for achieving the proposed goals following the 

direction of the proposed strategies: These plans, among other things, result in lower 

energy costs for Belize over the next 30 years; and reflect the state of the art and 

technology trends around the world and how these intersect with our unique 

circumstances. 

Á Policy Recommendation s designed to give life to the plans or subsequent iterations 

of or updates to these plans and generally to guide the development of the energy 

sector as a whole: These policy recommendations are also informed by the analyses 

of the supply options and demand-side measures available to Belize as well as the 
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policies and documented experiences ɀ both successful and failed - in other 

developing and developed countries. 

Á A Proposed Organizational F ramework  for implementing the policy 

ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÁÎÄ ÁÄÍÉÎÉÓÔÅÒÉÎÇ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ "ÅÌÉÚÅȭÓ ÅÎÅÒÇÙ ÓÅÃÔÏÒ ÉÎ 

general.  

Next Steps 

The original draft  of this document was disseminated to the relevant Government 

authorities and various energy stakeholders for their review, input, correction, and 

discussion. The final draft incorporated the ideas and inputs received from those 

consultations: It was endorsed by the Cabinet in February of this year. Government 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 

4ÈÉÓ ÃÕÒÒÅÎÔ ÄÏÃÕÍÅÎÔ ÉÓ ÁÎ ÕÐÄÁÔÅÄ ÖÅÒÓÉÏÎ ÏÆ ÔÈÅ Ȭ&ÉÎÁÌ 6ÅÒÓÉÏÎȭ ÔÈÁÔ ×ÁÓ 

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 changed to any substantive extent  from what was 

presented to the Government in the Final Version. 
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1 WHY ENERGY POLICY MATTERS 

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 modern forms of energy, such as 

electricity, also have access to better economic opportunities, better health care 

ÓÅÒÖÉÃÅÓȟ ÁÎÄ ÂÅÔÔÅÒ ÅÄÕÃÁÔÉÏÎȢ 4ÈÅ 7%#ȭÓ World Energy Insight 2010 ÓÔÁÔÅÓȡ Ȱ%ÎÅÒÇÙ 

services have a profound effect on productivity, health, education, 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 mortality, and GDP per 

ÃÁÐÉÔÁȟ ÔÏ ÎÁÍÅ ÊÕÓÔ Á ÆÅ×ɊȢȱ  

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 people ɀ usually, the most vulnerable populations - and the environment. In 

particular, some of these processes use large amounts of natural resources ɀ usually, 

land and waterɀ causing the displacement of people, flora and fauna. Moreover, energy 

supply processes are often highly dependent 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 policy-makers aim to 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 

consensus2 is that, in order to do this, the national energy sector as a whole must be 

efficient , sustainab le and resilien t . 

Energy Efficiency  

The term energy efficiency has traditionally been used within a narrow context. In the 

past, energy efficiency meant supply-side energy efficiency: the efficiency of converting 

unit of input energy into useful energy. Nowadays, the energy efficiency focus has moved 

to the opposite side of the spectrum: end-use energy efficiency. However, energy 

efficiency is best understood - and measured - from the perspective of an entire energy 

supply chain or 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 end-use energy. The 

                                                        
2 This 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 end-use sub-sectors. 

PRIMARY ENERGY

ENERGY END-USES

SECONDARY ENERGY

Capture & 

Conversion

o Fossil Fuels

o Renewable Energy

o Refined Petroleum 

Products

o Bio-fuels

o Electricity

Distribution

o Transportation

o Industrial

o Residential

o Commercial

Conversion

Costs

Costs

Costs

Environmental 

Damage

Losses

Losses

Environmental 

Damage

Losses

Environmental 

Damage

 

Figure 1 .1: Processes, Inputs and Outputs of the Energy Supply Chain3 

Primary energy  refers to energy (or fuel) in its un-processed 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, electricity and gasoline - and that will be converted into useful energy. 

3ÅÃÏÎÄÁÒÙ ÅÎÅÒÇÙ ÆÏÒÍÓ ÁÒÅ ÁÌÓÏ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ÅÎÅÒÇÙ ÃÁÒÒÉÅÒÓ ÂÅÃÁÕÓÅ ÔÈÅÙ ȰÃÁÒÒÙȱ ÅÎÅÒÇÙ ÆÒÏÍ ÔÈÅ 

primary source to the final end users. End-use energy or useful energy is the work done by 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 delivery of the 

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

ÓÅÃÏÎÄÁÒÙ ÅÎÅÒÇÙ ÉÎÔÏ ÕÓÅÆÕÌ ÅÎÅÒÇÙȢ 5ÓÉÎÇ ÂÉÏÆÕÅÌ ÁÓ ÁÎ ÅØÁÍÐÌÅȡ Ȱ%ÎÅÒÇÙ ÃÒÏÐÓȱ ɉÔÈÅ 

primary energy form) are cultivated, harvested and then processed in a local 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 tanks at a filling station; and 

ÔÈÅÎ ÄÅÌÉÖÅÒÅÄ ÆÒÏÍ ÔÈÅ ÆÉÌÌÉÎÇ ÓÔÁÔÉÏÎ ÉÎÔÏ Á ÃÏÎÓÕÍÅÒȭÓ ÃÁÒȢ &ÉÎÁÌÌÙȟ ÔÈÅ ÉÎÔÅÒÎÁÌ 

                                                        
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 the energy 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, in the past, energy policy-makers have focused on improving the 

efficiency of the individual processes of a specific energy supply chain, particularly the 

primary -to-secondary conversion processes. However, pursuing energy efficiency in this 

way leads to sub-optimal results for the energy sector as a whole. Energy efficiency 

improvements must be pursued in a holistic, coordinated manner from primary fuel 

extraction or importation right through to end use. For instance, 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 20%, 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 to focus all investment 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 efficient as well. 

Energy Recoverability  

An oft-overlooked abundant source of energy is the Ȱ×ÁÓÔÅȱ ÈÅÁÔ that becomes 

immediately available as we convert fuels into useful energy form. Waste heat is the 

most abundant of useful energy forms because on average it accounts for about 60% of 

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

focus, waste heat ɀ ×ÈÅÎ ÖÉÅ×ÅÄ ÁÓ ȰÒÅÃÏÖÅÒÁÂÌÅ ÅÎÅÒÇÙȱ - can be a major source of 

energy for use in the same process that generates it or it can be transferred to other 

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

Combined cycle gas turbines, co-generation plants and A/Cs with heat recovery are 

prime examples of systems that harness recoverable energy thus improving overall 

process (or system) efficiency:  

a) Gas turbines generate electricity from the combustion of fuel. In single cycle gas 

turbines, the heat that is released during the combustion process is simply rejected 

into the atmosphere through an exhaust system.  In combined cycle gas turbines, the 

heat is captured instead and used to produce steam that in turn drives a steam 

turbine to generate additional electricity.  In this way the overall process efficiency 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 35-45%. 

b) Co-generation plants, which are usually found in sugar processing factories, operate 

on a similar principle to combined cycle gas turbines. Most configurations use a 

steam turbine to generate electricity. The low pressure exhaust steam is then 

captured and used in the evaporation and boiling processes of sugar production. Of 

course, co-generation plants go a step further and use the waste (bagasse) remaining 

from sugar cane processing 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 route this 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 systems all use the energy that would have ordinarily been lost as waste heat, 

thus improving overall system efficiency and reducing the demand for the additional 

energy ɀ now being sourced from waste heat - that would have had to be found to fuel 

the process itself and/or the other processes. 

Economic versus Technical Efficiency  

Energy efficiency is also not only about the amount of secondary energy produced per 

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 

secondary energy must also be fully taken into consideration. In fact, for some 

renewable energy sources such as wind energy, there are no fuel inputs: the capital and 

O&M costs of the wind plant are the only cost inputs. Thus, the true indicator of the 

efficiency of a process ɀ one that considers all the inputs ɀ is its economic efficiency. 

From the perspective of the national energy sector, economic energy efficiency should 

ideally be measured as the sum of the present value of the energy used for all end-use 

purposes divided by the sum of the present value of the costs of all the inputs ɀ fuels, 

materials, equipment, labor etc. - into the energy production and distribution (inc. useful 

energy conversion) processes. Therefore, given two different plans that both suffice all 

end-use requirements, the plan that costs less on a present value basis is the more 

efficient one. For Belize, which must import almost all the energy conversion equipment 

needed to produce secondary energy and useful energy, viewing energy efficiency from 

this perspective is an imperative that cannot be under-estimated: 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 the expense of 

increased quantities and/or costs of the other inputs, which could ultimately result in no 

improvement or even a reduction in overall economic efficiency. 
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Economies of Scale 

Energy production and distribution is a capital-intensive undertaking, and unit supply 

costs fall significantly the greater the energy demand. This occurs for two main reasons: 

Firstly, as demand grows, larger production and distribution equipment can be utilized; 

and, as a general rule, the larger the equipment, the lower is 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 larger demand base. The fact of having a low 

population base dispersed in pockets across a relatively 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. Energy planners, particularly in the 

electricity industry, are therefore always concerned with sizing equipment for maximum 

lifetime utilization: the smaller the size, the greater the chance of full utilization; but, this 

has to be weighed against the higher per-unit capital and O&M costs of smaller 

equipment as discussed above. This is an important consideration especially when the 

supply mix consists of natural resource-driven variable output generators such as wind 

turbines, as the economics of such installations 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 equipment size is not a constraint. 

Energy Sustainability  

According to the World Economic Council (WEC), energy sÕÓÔÁÉÎÁÂÉÌÉÔÙ ÍÅÁÎÓ ȰÔÈÅ 

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

ÃÏÍÐÒÏÍÉÓÉÎÇ ÔÈÅ ÁÂÉÌÉÔÙ ÏÆ ÆÕÔÕÒÅ ÇÅÎÅÒÁÔÉÏÎÓ ÔÏ ÍÅÅÔ ÔÈÅÉÒ ÎÅÅÄÓȱȢ  

Sustainability hence has three key dimensions: A process or supply chain for a particular 

energy form is considered economically sustainable if the benefits of the energy it helps 

to produce, and other spin-off benefits from its constituent activities that accrue to the 

economy as a whole, outweigh the costs incurred over the long run. It is environmentally 

sustainable if it causes minimal harm or damage to people and the environment over the 

long run. And, it is socially sustainable if it improves - or as a minimum does not degrade 

- the living conditions of the poor and others living on 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 we use energy ɀ that is, 

the forms and amounts of energy use - also has equally important  implications for its 

sustainability. Switching to less polluting forms of energy lowers GHG emissions, and so 
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reduces harm done to people and the environment. The less energy we use, the less we 

need to supply it, and the lower are the consequent costs, losses and environmental 

damage. Beyond this, when we use less storable energy in the present, we retain more 

for the future.  

The link between sustainable energy and climate cha nge 

-ÏÓÔ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÍÏÄÅÒÎ ÅÎÅÒÇÙ ÉÓ ÓÏÕÒÃÅÄ ÆÒÏÍ ÆÏÓÓÉÌ-fuels: coal, oil and natural gas. 

The burning of fossil fuels - in generators to produce electricity; in vehicles, marine 

vessels and airplanes for transport; and in industrial motors ɀ releases a slew of gases 

ÉÎÔÏ ÔÈÅ ÅÁÒÔÈȭÓ ÁÔÍÏÓÐÈÅÒÅȡ ÃÈÉÅÆ ÁÍÏÎÇÓÔ ÔÈÅÍ ÁÒÅ ÃÁÒÂÏÎ ÄÉÏØÉÄÅȟ ÍÅÔÈÁÎÅ ÁÎÄ 

nitrous oxide.  

#ÁÒÂÏÎ ÄÉÏØÉÄÅ ÏÃÃÕÒÓ ÎÁÔÕÒÁÌÌÙ ÉÎ ÔÈÅ ÅÁÒÔÈȭÓ ÁÔÍÏÓÐÈÅÒÅ ÁÎÄ ÂÉÏÓÐÈÅÒÅȢ 4ÈÅ 

ÂÉÏÓÐÈÅÒÅȭÓ ÓÔÏÒÅÓ ÏÆ ÃÁÒÂÏÎ ÄÉÏØÉÄÅ ÉÎÃÌÕÄÅ ÐÌÁÎÔÓ ÁÎÄ ÁÎÉÍÁÌÓȟ ÓÏil, oceans, rocks and 

ÆÏÓÓÉÌ ÆÕÅÌ ÄÅÐÏÓÉÔÓȢ %ÁÃÈ ÄÁÙȟ ÃÁÒÂÏÎ ÄÉÏØÉÄÅ ÆÌÏ×Ó ÆÒÏÍ ÅÁÒÔÈȭÓ ÁÔÍÏÓÐÈÅÒÅ ÉÎÔÏ ÔÈÅ 

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 balance 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 

ÁÓ ÔÈÅÓÅ ÂÕÉÌÄ ÕÐ ÏÖÅÒ ÍÉÌÌÉÏÎÓ ÏÆ ÙÅÁÒÓ ȣ ÕÎÔÉÌ ÔÈÅ )Îdustrial Revolution happened, and 

we started burning fossil fuels. 

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

ÉÎÔÏ ÔÈÅ ÁÔÍÏÓÐÈÅÒÅ ÉÎÃÒÅÁÓÅÄ ÂÅÙÏÎÄ ÔÈÅ ÎÁÔÕÒÁÌ ÆÌÏ×Ȣ 3ÏÍÅ ÏÆ ÔÈÅ ȰÕÎÎÁÔÕÒÁÌ ÆÌÏ×ȱ ÏÆ 

carbon dioxide is 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 dioxide content of the 

atmosphere has risen from 285 ppm to some 390 ppm - or as much as 430-450 ppm CO2 

equivalent, if other greenhouse gases are included - as a result of human activity, chiefly 

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

particular gases by industry. 

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

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

ÔÈÅ ÅÁÒÔÈȭÓ ÁÔÍÏÓÐÈÅÒÅ ÁÂÓÏÒÂ ÔÈÅÒÍÁÌ ÒÁÄÉÁÔÉÏÎ ÃÏÍÉÎÇ ÆÒÏÍ ÔÈÅ earth and re-radiate a 

ÐÁÒÔ ÏÆ ÉÔ ÂÁÃË ÔÏ ÔÈÅ ÅÁÒÔÈȭÓ ÓÕÒÆÁÃÅȢ 4ÈÅ ÈÉÇÈÅÒ ÔÈÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÆ ÇÒÅÅÎ ÈÏÕÓÅ ÇÁÓÅÓ 

in the atmosphere, the more is the radiation that is reflected back to earth. This causes 

ÁÎ ÉÎÃÒÅÁÓÅ ÉÎ ÔÈÅ ÔÅÍÐÅÒÁÔÕÒÅ ÏÎ ÔÈÅ ÅÁÒÔÈȭÓ ÓÕÒÆÁÃÅ. In the 20th century alone, for 

ÅØÁÍÐÌÅȟ ÔÈÅ ÍÅÁÎ ÔÅÍÐÅÒÁÔÕÒÅ ÏÆ ÔÈÅ ÅÁÒÔÈȭÓ ÓÕÒÆÁÃÅ rose between 0.56 OC to 0.92 OC. 

Scientists predict that, if we continue burning fossil fuels unabated, this temperature will 

increase by 3-5 OC above pre-industrial revolution levels before the end of the century. 
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Though the forecasting models vary - climate change prediction is a complex science ɀ 

ÔÈÅÙ ÔÅÎÄ ÔÏ ÁÇÒÅÅ ÏÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÓÅÑÕÅÎÃÅ ÏÆ ÅÖÅÎÔÓȡ !Ó ÔÈÅ ÅÁÒÔÈȭÓ ÓÕÒÆÁÃÅ 

temperature increases, snow and ice will melt at a higher rate, leading to inundation of 

coastal areas and habitats; precipitation events and storms will occur more intensely 

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

oceans becoming more acidic because of increasing carbon dioxide concentrations); and 

the reverberating cycle of such events can lead to unprecedented catastrophe on a global 

ÓÃÁÌÅ ȣ ÉÆ ÓÏÍÅÔÈÉÎÇ ÉÓ ÎÏÔ ÄÏÎÅ ÔÏ ÓÔÏÐ ÉÔȦ 

)Î Á ςππω 5.$0 2ÅÐÏÒÔ ÅÎÔÉÔÌÅÄ Ȱ"ÅÌÉÚÅ ÁÎÄ #ÌÉÍÁÔÅ #ÈÁÎÇÅȡ 4ÈÅ #ÏÓÔÓ ÏÆ )ÎÁÃÔÉÏÎȱȟ $ÒȢ 

Robert B. Richardson of Michigan State University predicts that , as a consequence of 

global warming, "ÅÌÉÚÅȭÓ ÆÕÔÕÒÅ ÃÌÉÍÁÔÅ ×ÉÌÌ ÂÅ ÃÈÁÒÁÃÔÅÒÉÚÅÄ Ây warmer temperatures, 

declining levels of precipitation, increasing concentrations of carbon-dioxide in its 

coastal waters and more frequent extreme weather events, resulting 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 of infectious diseases (Richardson, 2009). 

These predictions have significant implications for energy demand patterns and supply 

infrastructure into th e future: Demand for air-conditioning and cooling will increase 

with hotter days and nights and more frequent heat waves. The output of hydro-electric 

sources will be curtailed as precipitation levels decrease; and transmission and 

distribution lines and other structures, such as wind turbines and roof-top 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 3 OC  and so prevent this 

sequence of events from occurring and altering life as we know it, world leaders have 

finally reached some level of consensus that deliberate action must be taken now to 

among other things severely cut back our use of fossil fuels, to actively engage in 

reducing or removing altogether the GHG emissions from the fossil fuels that we do 

(have to) burn, and even to pro-actively capture and sequester GHGs already in the 

atmosphere due to our actions in the past.  

Given the current stage of development of the technologies that we have at hand, it is 

much more cost-effective 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 them or 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 FCCC), is 

an international environmental treaty, amongst most countries of the United Nations, 

that is aimed at fighting global warming . Its stated goal is achieving "stabilization of 
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greenhouse gas concentrations in the atmosphere at a level that would prevent 

dangerous anthropogenic interference with the climate system." 

The Kyoto Protocol , which came into force in 2005, is a formal and legally-binding 

agreement between 191 countries, committing certain members (called Annex 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 directly or they may use certain innovative 

ȰÆÌÅØÉÂÉÌÉÔÙ ÍÅÃÈÁÎÉÓÍÓȱ ÐÒÏÖÉÄÅÄ ÕÎÄÅÒ ÔÈÅ ÐÒÏÔÏÃÏÌȢ /ÎÅ ÏÆ ÔÈÅÓÅ ȰÆÌÅØÉÂÉÌÉÔÙ 

ÍÅÃÈÁÎÉÓÍÓȱ ÉÓ ÔÈÅ Clean Development Mechanism (CDM). 

Energy Resilience 

Energy resilience4 refers to the capacity of individual parts of the national energy sector 

or of the sector as a whole to bounce back quickly from or absorb shocks arising from 

energy price flaring or from disruptions in one or more energy supply processes or 

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

                                                        
4 The notion of Ȱresilience in energyȱ was first introduced back in 1982 in a book Brittle Power: Energy 

Strategy for National Security by Amory B. Lovins and L. Hunter Lovins, and more recently championed ɀ 

though proposing a different strategy - by Andrew Grove, former Chairman and CEO of Intel Corp, in a 

2008 article in American Magazine.   

How does the CDM work? 

The CDM is cap-and-trade emissions reduction mechanism that is set up to operate on the 

principle that it is easier to achieve emission reductions in Non-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 other energy-saving projects in Non-Annex 1 countries where the quantum of 

emissions reduced per dollar invested will likely be higher. 

A project is awarded a number of CER (certifiable emission reduction) credits based on the degree 

to which it reduces GHG emissions (relative to a pre-determined baseline). The CER credits earned 

by a particular project are shared between the participating Annex 1 and Non-Annex 1 countries 

in proportion to the extent of their investments in the project. The Annex 1 country can use its 

portion of credits earned to offset its emissions target; the Non-Annex 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 achieved: 

· A global market - and hence a price - for carbon (emissions) is established. Carbon pollution is 

treated as a global commodity that can be traded on international markets: you purchase the 

ȰÒÉÇÈÔÓ to polluteȱȢ 

· Global emissions are reduced (at least relative to the baseline). 

· Clean energy technologies are introduced in developing countries, with bi-lateral financing 

from Annex 1 countries. 
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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 occur. Similarly, shifting our 

dependence from foreign fossil fuel to renewable energy sources result in greater 

environmental and social sustainability, but also reduce our vulnerability ɀ and hence 

boost our resilience - to external price shocks. This makes the task for policy-makers 

easier. These goals are mutually reinforcing: any action 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 

ÅØÐÏÓÅÄ ÔÈÅ ÌÁÃË ÏÆ ÒÅÓÉÌÉÅÎÃÅ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÆÏÏÄ ÐÒÏÄÕÃÔÉÏÎ ÓÙÓÔÅÍÓ - and by extension 

ÔÈÅ ×ÏÒÌÄȭÓ ÐÏÏÒ - to oil price shocks. 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 energy efficiency and energy renewability, there are two other very important 

components of the portfolio of strategies for pursuing energy resilience: fuel resource 

diversity and process flexibility . 

Fuel Resource Diversity  

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

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

over the long run. There are two kinds of fuel resource diversity that are of interest to 

strategic planners and policy-makers: resource type diversity and resource location 

diversity . 

a) Resource type diversity. Having different resource types ɀ such as wind, natural gas, 

biomass, diesel, and hydro ɀ in the energy supply mix lessens the impact of a sudden 

rise in cost or a shortage of any single one of them. A single protracted war in the 

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

suddenly sky-rocket, or a particularly dry year may severely impact hydro-electricity 

supply countrywide, or a low-yield sugar crop season may result in reduced bagasse 

output and consequently curtail supply of electricity to the grid. But the chances of 

all three events (a dry year, a low-yield sugar crop season, and a protracted war in 

the Middle East) occurring at the same time ɀ though seemingly more likely these 

days ɀ are much less than the chance of any one of them occurring. 

Resource type diversity also comes into play on a much shorter time scale ɀ daily or 

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

largely independent of each other: For instance, the output from solar PV is highest 

when there is no cloud cover blocking out sunlight and wind power works best on 
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windy days; but an overcast day, while blocking out sunlight, does not stop the wind 

from blowing, and a windless day does not stop the sun from shining. Having both 

resources in the resource supply pool ȰÆÉÒÍÓ ÕÐȱ the supply output potential. 

In fact, proposed regional electricity trading schemes are often predicated on 

exploiting these variations in output between renewable energy source types. Wind 

and hydro resources, for example, are widely viewed as highly complementary. The 

Nordic power exchange, Nordpool, is a testament of how having a power system with 

large amounts of hydropower makes it easier to incorporate wind energy into the 

supply mix and increase the share of generation from wind. Using a similar strategy, 

the soon-to-be-commissioned SIEPAC transmission system, spanning Central 

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

the various ÍÅÍÂÅÒ ÃÏÕÎÔÒÉÅÓ ÏÎ ÔÏÐ ÏÆ ÔÈÅ ÒÅÇÉÏÎȭÓ ÌÁÒÇÅ ÈÙÄÒÏ ÐÏ×ÅÒ ÒÅÓÏÕÒÃÅÓȟ 

thus increasing the overall supply of firm energy from variable renewable energy 

sources (Yepez-García, Johnson, & Andrés, 2010). 

b) Resource location diversity. Geographic dispersion of resources is as important as 

diversity in resource type. Simply put, the wind does not suddenly stop blowing 

everywhere at the same time, and it is highly improbable that a hurricane will hit 

everywhere in the entire country at the same time (at least not with the same level of 

intensity) . Placing or developing resources in strategic locations throughout the 

country mitigates the chances of the supply of energy countrywide being affected by 

a single event confined to a specific geographic area, whether as a 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, assuming the incremental benefits gained are not outweighed 

by the costs of transporting energy from the dispersed locations to where it is 

ultimately consumed. Regional trading schemes, such as SIEPAC, are further 

underpinned by this prospect of complementarity  between variable resources 

scattered over a wide geographic expanse, as has been demonstrated in several 

European countries with large wind systems (Yepez-García, Johnson, & Andrés, 

2010). 

The benefits arising from pursuing resource location diversity also underlie the 

increasing momentum towards implementing distributed generation, whether off-

grid or grid-connected, such as wind mills or micro-hydro outfits directly powering 

agricultural irrigation systems, or solar thermal collectors used in residential 

households for water 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 on the rest of the system5. 

The original authors of the concept of energy resilience had advocated renewable energy 

development and distributed generation6 as two key components of a robust strategy 

aimed at creating a resilient energy sector in the USA. As pointed out by Andrew Grove 

in his 2008 article in American Magazine ÅÎÔÉÔÌÅÄ Ȱ/ÕÒ %ÌÅÃÔÒÉÃ &ÕÔÕÒÅȱ (Grove, 2008), a 

reliable and efficient electricity transmission and distribution system is the crucial 

integrating glue of the strategy: Most renewable energy forms can only be harnessed on 

a large scale by converting them into electricity; and distributed generation sources, 

whether occurring as small-scale micro-generation sources within a national energy 

system or as large-scale deployments in individual countries within a region, can only be 

connected with each other and to consumption centers through an electrical 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 systems or over the demand for and market price of the outputs of these 

systems must as much as possible install production systems that are flexible: that is, 

systems comprising processes that can be easily adjusted or reconfigured to use a 

different feedstock or to produce a different output. Depending on resource availability 

and market conditions, the outputs of large-scale production systems may at times cost 

more to produce than the price the market is willing to pay for them. When such 

conditions occur, flexible systems can be adjusted to use a different lower costing input 

or produce a different more marketable output. 

The modern sugar factory is an example of a flexible-output production system, 

producing sugar and ethanol in quantities depending on the relative demand ɀ and 

hence market prices - for them. On the other hand, gas turbines are usually configured as 

flexible-input production systems and can switch between fuel inputs - natural gas or 

diesel or HFO or even biodiesel - depending on their relative prices and availability. But 

process flexibility does not necessarily have to be confined to the production side of 

things. Brazil has taken process flexibility to another level with its Flex Fuel Vehicles 

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

                                                        
5 Assuming that effective coordination mechanisms are in place where the sources are grid-connected. 

6 Grove, on the other hand, proposes making electricity the major integrator and carrier of energy ɀ from 

energy source to end-uses ɀ and argues for strengthening the electrical transmission and distribution 

networks and transforming the transportation fleet to run on electricity instead of petro-fuels (Grove, 

2008). 
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market. A Brazilian-made 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. The 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 Ѕ Energy Resilience 

Energy resilience encompasses the idea of energy security. However, while policies of 

the past mistakenly equated energy independence with energy security, pursuing a 

strategy of energy independence is nowadays viewed as costly and futile. 

/ÎÅ ÏÆ ÔÈÅ ÐÒÏÂÌÅÍÓ ×ÉÔÈ ÔÈÅ ÏÌÄ ȰÅÎÅÒÇÙ ÉÎÄÅÐÅÎÄÅÎÃÅ ÅÑÕÁÌÓ ÅÎÅÒÇÙ ÓÅÃÕÒÉÔÙȱ 

paradigm is that it encourages framing the energy security and self-sufficiency problem 

at the national aggregate level only ɀ 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 locations within the 

national infrastructure . For instance, we may currently produce 65% of our electricity 

from indigenous sources - a formidable number by 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 districts to the sources of generation further north? Will the 

isolated areas be self-sufficient? The average energy consumption in the southern load 

centers of Belize is approximately 165 MWh per day. There is only one functioning 

energy source in the south, Hydro Maya; and it is only capable of producing 40 MWh per 

day on average. Hence, although there may be sufficient generation at the national level 

to meet the electricity needs of the entire country, the generation on hand in the south ɀ 

once cut off from the national grid - will be far from sufficient to meet the demand in the 

South.  

There is a further even more important corollary to the energy independence mantra.  

What happens when conditions change in a direction opposite to the one being prepared 

for? Mexico, for example, has huge reserves of natural gas, as much as Trinidad and 

Tobago, which is currently the largest exporter of natural gas in the Western 

Hemisphere. But, -ÅØÉÃÏȭÓ ÐÌÁÎÓ ÔÏ ÅØÐÌÏÉÔ ÔÈÉÓ ÐÏÔÅÎÔÉÁÌ ÆÏÒ ÌÏÃÁÌ ÕÓÅ ÁÓ ×ÅÌÌ ÁÓ ÆÏÒ 

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 revolution now sweeping across North America and even parts of Europe and 

Asia. If 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 resources and would have been forced to export its 

natural gas at low prices or use it for its own consumption at a relative loss. Instead, 

Mexico has put its original plans on hold, made an about-turn and is preparing to import 
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natural gas from its northern neighbor; taking advantage of the new opportunity 

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 soon-to-be-commissioned SIEPAC grid. The Grand Strategy?: Get cheap natural gas 

from its neighbor in the north, generate electricity from it, and sell the electricity ɀ at a 

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

The Dependency Dilemma 

The mainstay of past energy security policies has been lowering dependence on foreign 

fuel supplies. However, this kind of narrow strategic focus is what makes it difficult to 

solve the energy security conundrum in the first place. 

When we speak of indigenous energy, we tend to ÔÈÉÎË ȰÈÏÍÅ-ÇÒÏ×Îȱ: we expect our 

monies to stay at home instead of flowing out abroad to buy tons of oil to fuel diesel 

generators. But what portion of the cost of generating a unit of electricity  from 

indigenous sources actually stays at home? This is a relevant and important question 

when we consider energy sustainability 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 the foreign exchange losses 

incurred in purchasing equipment from abroad to harness 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 technologies such as solar and wind (and even hydro) are 

characteristically capital-intensive as opposed to fuel intensive. By shifting from fossil-

fuel based conversion technologies to these newer, renewable technologies, we can 

drastically reduce our dependence on 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 go to foreign 

suppliers of fuel; in the other case, most of it goes to foreign suppliers of equipment7.  

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 on foreign 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 

ȰÐÏÌÉÔÉÃÁÌÌÙ ÕÎÓÔÁÂÌÅȱ ÃÏÕÎÔÒÉÅÓ (McConnell & Turrentine, 2010). So in moving to electric 

vehicles, we may reduce our import dependence on unstable supplies of foreign oil, but 

at the cost of import 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 very uncertain schedule of volatile oil prices; 

thus making the local economy much less vulnerable to price shocks.  



Ȱ%ÎÅÒÇÙ "Ù ÔÈÅ 0ÅÏÐÌÅ ȣȢ &ÏÒ ÔÈÅ 0ÅÏÐÌÅȱ 

 

20 
 

These anecdotal references underscore the need to assess energy resilience within a 

broader context ɀ that of economic security and economic resilience ɀ if we are to 

properly detect and plug the holes. For each energy solution, we need to ask if we are 

not simply replacing one foreign dependency for another: for example, oil for technology 

or oil for batteries. 
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2 WHERE ARE WE NOW? 

The Global and Regional Energy Context 

Since the beginning of the new century, the global energy arena has been undergoing 

unprecedented transformation, driven mainly by persistent volatility in world oi l prices 

and growing concerns over climate change. 

¶ Renewables have now gained a solid, though still relatively small, footing in the 

global energy supply market. Onshore wind energy is now considered a mature 

technology, and wind now accounts for as much as 20% of generation in some 

%ÕÒÏÐÅÁÎ ÃÏÕÎÔÒÉÅÓȢ #ÈÉÎÁ ÁÎÄ 4ÁÉ×ÁÎ ÁÒÅ ÔÈÅ ×ÏÒÌÄȭÓ ÔÏÐ ÐÒÏÄÕÃÅÒÓ ÏÆ ÓÏÌÁÒ ÖÏÌÔÁÉÃ 

technology, and China has been investing heavily in bio-energy and renewable 

energy infrastructure in the LAC. Biofuels has gained traction in the 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 cost-competitive with petro-diesel, especially in the LAC.  

¶ Natural gas has emerged as the cleaner and cheaper hydrocarbon alternative to oil 

and coal.  An unexpected technological breakthrough in harnessing natural gas from 

shale rock has sparked a virtual shale gas revolution in the USA and around the 

world : ȰShale gasȱ now accounts for 30% of US domestic production of natural gas, 

ÁÎÄ ÔÈÅ ȰÄÉÓÃÏÖÅÒÅÄȱ ÒÅÓÅÒÖÅÓ ÉÎ ÔÈÅ 53 ÁÌÏÎÅ ÁÒÅ ÓÕÆÆÉÃÉÅÎÔ ÔÏ ÓÕÐÐÌÙ ÔÈÅÉÒ ÌÏÃÁÌ 

demand for the next 120 years at current consumption rates. This has resulted in an 

oversupply of natural gas on the world market and a consequent decoupling of 

natural gas prices from oil prices. 

¶ Over the past decade, Brazil, the most populous country in the Western Hemisphere 

after the USA, has emerged as the energy powerhouse of the Americas, investing 

substantially in energy R&D and churning out innovations such as high-yielding 

sugar cane varieties, mechanized sugar cane harvesting, dual ethanol/sugar 

production, and flex fuel vehicles. Brazil is now exporting its technological know-

how to the rest of the LACȟ ÅÎÇÁÇÉÎÇ ÉÎ ȰÅÔÈÁÎÏÌ ÄÉÐÌÏÍÁÃÙȱ ÔÏ ÅØÅrt its influence in 

the region. 

¶ Venezuela, the country with the second largest petroleum reserves in the world8 and 

the second largest natural gas reserves in the Western Hemisphere, has been at the 

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

Saudi AraÂÉÁȭÓ ÏÉÌ ÒÅÓÅÒÖÅÓ ÁÓ ÏÆ ςπρρ ÁÒÅ ÅÓÔÉÍÁÔÅÄ ÁÔ ςφτȢυς ÂÉÌÌÉÏÎ ÂÂÌÓ ÁÎÄ 6ÅÎÅÚÕÅÌÁȭÓ ÁÔ ςρρ ÂÉÌÌÉÏÎ 

ÂÂÌÓȢ !ÃÃÏÒÄÉÎÇ ÔÏ 7ÉËÉÐÅÄÉÁȟ ÍÁÎÙ ÅØÐÅÒÔÓ ÂÅÌÉÅÖÅ ÔÈÁÔ #ÁÎÁÄÁȭÓ ÒÅÓÅÒÖÅÓ ÁÒÅ ÃÌÏÓÅÒ ÔÏ ςȟπππ ÂÉÌÌÉÏÎ ÂÂÌÓȢ 
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forefront of the latest wave of resource nationalism that has swept over many 

countries of the LAC, taking a marked anti-foreign interest stance whilst peddling its 

influence in the region through initiatives such as Petro-Caribe9. As a consequence, 

6ÅÎÅÚÕÅÌÁȭÓ ÏÉÌ ÁÎÄ ÇÁÓ investments have been markedly outpaced by those of its 

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

4ÒÉÎÉÄÁÄ ÁÎÄ 4ÏÂÁÇÏȭÓ ÎÁÔÕÒÁÌ ÇÁÓ ÒÅÓÅÒÖÅÓ ÁÒÅ ρȾρπth ÏÆ 6ÅÎÅÚÕÅÌÁȭÓȟ ÙÅÔ 4ÒÉÎÉÄÁÄ 

and Tobago is currently the largest 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 capability10. 

¶ Mexico has likewise started to prepare itself to 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, and recognizing its unique position as 

the sole terrestrial conduit between the USA and Canada above and Central and 

South America below. Mexico has also made substantial investments, both financial 

and political, in the Meso-American Project, which started nearly two decades ago, as 

a plan to link the energy and telecommunication assets of the countries of Central 

America. This project is 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 commissioning by the end of 2011.  

/ÖÅÒÖÉÅ× ÏÆ "ÅÌÉÚÅȭÓ %ÎÅÒÇÙ 3ÅÃÔÏÒ ÉÎ ςπρπ11 

Energy Supply Sources 

 

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

                                                        
9 Petro-Caribe is an agreement signed between Venezuela and Caribbean countries (as of 2005) for the 

sale of petroleum products to ÔÈÅÓÅ ÃÏÕÎÔÒÉÅÓ ÆÒÏÍ 6ÅÎÅÚÕÅÌÁȭÓ 0$63! ÕÎÄÅÒ ÆÁÖÏÒÁÂÌÅ ÆÉÎÁÎÃÉÎÇ ÔÅÒÍÓȢ 

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

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

11 Energy Balance 2010 supporting the data provided in this section can be found in Appendix E . 
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A total of 13,538 TJ (or 323,354 TOE) of indigenous primary energy was produced in 

Belize in 2010: comprising of 1,513,700 barrels of crude oil; 403,675 metric tons of 

bagasse12 (for steam and electricity generation); 189,212,500 scf of petroleum gas; 

263,150 MWh of hydro-electricity ; and 43,253 metric tons of wood fuel (firewood). 

Crude oil and petroleum gas accounted for 68.63% (9,291 TJ) and 2.77% (375 TJ) of this 

indigenous energy production respectively on the basis of energy content value; the 

indigenous renewables made up the remaining 28.6% (3,872 TJ), measured on the basis 

of energy content value: bagasse (15.47%), hydro (7.00%) and wood fuel (6.13%)13.  

Total Primary 

Energy Supply

Indigenous

Fossil Fuels & 

Petroleum Gas

Indigenous 

Renewables

Imports = 8,162 TJ

12,888 TJ3,872 TJ 9,666 TJ

Exports & Production Losses 

= 8,812 TJ
 

Figure 2 .1.1.B: Primary Energy Supply Flows for Year 2010  

Of total indigenous energy produced, 8,743 TJ (or 64.6% of total) was exported as crude 

oil (1,424,540 barrels).  However, 8,162 TJ of energy was imported in the form of refined 

petroleum products (93%) and electricity from CFE (7%). The resultant total primary 

energy supply (TPES) into the national economy was therefore 12,888 TJ. 

Figure 2.1.2 below illustrates the breakdown of TPES by type of fuel supplied to the local 

energy sector in 2010: 63.3% was imported either as refined petroleum products or as 

electricity (from CFE), 6.7% was gotten from local petroleum resources, and 30% was 

harnessed from renewable sources (biomass, wood and hydro). The latter is an 

especially noteworthy statistic when one considers that the LAC region, which boasts 

the highest renewable resource usage in the world, had a renewability index14 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 produce 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% of total primary energy supply, if we extrapolate 2002 

results from a 2003 Report by Launchpad Consulting (Launchpad Consulting Belize C.A; , 2003). 

14 RE as a percentage of  TPES 
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Figure 2 .1.2: Primary Energy Supply by Fuel Type for Year 2010 15 

Electricity Supply  

In 2010, 28.5% (3,670 TJ) of the total primary energy supply was converted16 into 

573,707 MWh (2,065 TJ) of electricity. Figure 2.1.3 below provides a breakdown on an 

energy content basis of the primary fuel inputs used in generating electricity . 

 

Figure 2 .1.3: Breakdow n of Primary Fuel Inputs  used for Electric ity Generation in  2010  

Figure 2.1.4 below provides a breakdown of the actual electricity (measured in MWhs) 

generated from the primary fuel inputs. Approximately 60% of electricity was generated 

from renewable energy sources, and 27.6% was imported from Mexico. Interestingly, 

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

16 4ÈÉÓ ÉÎÃÌÕÄÅÓ ÅÌÅÃÔÒÉÃÉÔÙ ÉÍÐÏÒÔÓ ÔÈÁÔ ÁÒÅ ÎÏÔ ÁÃÔÕÁÌÌÙ ÃÏÎÖÅÒÔÅÄȟ ÂÕÔ ÒÁÔÈÅÒ ȬÐÁÓÓÅÄ-ÔÈÒÏÕÇÈȭ ÔÏ 

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. 

 

Figure 2 .1.4: Breakdown of Electricity Generation Output by Primary Fuel  in 2010  

Energy Consumption Patterns 

Belize consumed 12,888 TJ (or 307,823 TOE) of total primary energy supply17 from all 

fuel sources18 in 2010, costing approximately $206 million US dollars19 or about 14.4% 

of GDP20. This means that, on the basis of fuel energy content, we produced more 

energy than we consumed: 13,538 TJ versus 12,888 TJ.  

The corresponding calculated aggregate energy intensity ɀ that is, the economy-wide 

primary energy consumed per dollar of GDP ɀ was 8,536 BTU per US dollar of GDP in 

2010 dollars. For comparison, the estimated energy intensities of the USA, El Salvador, 

Jamaica and Barbados for 2008 were 7,523, 3,370, 8,555 and 3,360 BTU per US dollar of 

GDP in 2005 dollars respectively (EIA, 2008).  

Of the total primary energy supply, 10,946 TJ (or 261,437 TOE) was actually delivered to 

consumption points as secondary energy (Ref: Figure 2.1.5 below). The difference 

reflects the losses incurred in generating, transmitting and distributing electricity21. 

                                                        
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 the total primary energy supply (TPES). 

18 ȬÆÕÅÌȭ ÁÎÄ ȬÅÎÅÒÇÙȭ ÁÒÅ ÕÓÅÄ ÉÎÔÅÒÃÈÁÎÇÅÁÂÌÙ ÈÅÒÅȡ ÓÏ ÉÍÐÏÒÔÅÄ ÅÌÅÃÔÒÉÃÉÔÙ ÉÓ Á ÆÕÅÌȢ 

19 This cost does not include the cost of delivery of fuel or electricity to consumption points (within 

Belize). 

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

21It was assumed that negligible losses incurred in distribution of other fuels with Belize. 
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Figure 2 .1.5: The TPES-to-Secondary Energy Consumption Pathway for Year 2010  

Figure 2.1.6 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 energy 

content of the fuels consumed.  

 

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 consumption. Within this sector, gasoline accounted for 

47% of all consumption; diesel for 36.9%; and kerosene (used as aviation fuel), crude 

oil22 and LPG23 for the remaining 16.1%24.  

The industrial sector consumed 27.43% of total secondary energy in 2010: 61.3% of this 

ÓÅÃÔÏÒȭÓ ÃÏÎÓÕÍÐÔÉÏÎ ×ÁÓ ÄÕÅ ÔÏ the use of diesel, HFO and crude oil to run industrial 

motors and for steam generation; 21.3% was for the use of steam produced from 

                                                        
22 Local 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 vehicle stock has also been converted to run on LPG. 

24 Gasoline and diesel purchased in Mexico and Guatemala, and electricity used to charge golf carts in San 

Pedro and other locations in Belize are not accounted for in these calculations due to lack of data, although 

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

consumption of electricity.  

The remaining 25.77% of total secondary energy consumption in 2010 was due to the 

residential and commercial & services sectors. Wood, used for cooking mainly in rural 

areas, accounted for 39.3% of residential energy consumption; while electricity and LPG 

accounted for 34% and 24.6% of residential energy consumption respectively. The main 

secondary fuel consumed by the commercial and services sector was electricity (about 

87.3%). 

GHG Emissions 

"ÅÌÉÚÅȭÓ ÅÎÅÒÇÙ ÓÅÃÔÏÒ ÁÓ Á ×ÈÏÌÅ ÐÒÏÄÕÃÅÄ 702,461 tCO2e of GHG emissions in 2010, at 

a rate of 56 tCO2e per TJ of primary energy supply. The electricity supply sub-sector 

produced GHG emissions at the lower rate of 52.74 tCO2e per TJ, mainly because of the 

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

offset by the high emissions rate of imported electricity25.  

 

Figure 2 .1.7: Net GHG Emissions by Sector for Year 2010  

Overall, the transportation sector accounted for 49% of total net GHG emissions in 2010, 

although it consumed only 46.8% of total energy. This was mainly due to the fact that all 

the energy used in this sector was fossil fuel-based, compared with the other sectors 

that used biogenic renewable energy sources directly, or indirectly through electricity 26, 

to some degree or the other. At a price of $25.00 USD per tCO2e27, 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 enters our 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. 
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sector emissions (the cost of carbon) in 2010 was over $17.5 million USD, or 7.86% of 

total energy cost inclusive of the cost of carbon.  
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3 WHAT ARE OUR ENERGY SUPPLY OPTIONS? 

The purpose of this section is to look at the inventory of energy supply sources/fuels 

available to us in Belize, both indigenous and foreign-sourced, in order to assess the cost 

of converting these primary resources into secondary energy resources (again given 

current available technologies) and to estimate an upper limit for the potential of 

developable local primary resources, given available technologies. 

Costs 

Cost is a tricky quantity, as its assessment is always subject to interpretation given the 

context. In this case, we are assessing the (production) cost of converting primary 

energy resources into secondary energy resources that are then used directly by final 

consumers: for example, the cost of capturing solar energy (primary energy resource) 

and converting it into 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 plants to convert the primary energy resource into the 

secondary energy resource. 

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

3. The operations and maintenance cost 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-based GHG emissions cost.  

The production cost is finally expressed on a per-unit basis (e.g. per KWh of electricity 

produced) levelized over the life of the plant(s)28. 

Ȱ7ÈÉÌÅ ÔÈe levelized cost of energy for alternative e nergy  generation technologies is 

becoming increasingly competitive with c 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 encountered with 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 the picture. 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 

ÃÁÒÂÏÎ ÐÒÉÃÉÎÇȢȱ (Lazard, 2009)  

Putting a Price on Carbon  

Ȱ4ÈÅ ÍÁÒËÅÔ ÉÓ ÉÎ ÍÁÎÙ ×ÁÙÓ ÁÎ ÉÎÃÒÅÄÉÂÌÅ ÉÎÓÔÉÔÕÔÉÏÎȢ )Ô ÁÌÌÏÃÁÔÅÓ ÒÅÓÏÕÒÃÅÓ ×ÉÔÈ 

an efficiency that no central planning body c 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 

ÎÁÔÕÒÅȭÓ ÓÅÒÖÉÃÅÓ ÐÒÏÐÅÒÌÙȢ !ÎÄ ÉÔ ÄÏÅÓ ÎÏÔ ÒÅÓÐÅÃÔ ÔÈÅ ÓÕÓtainable yield 

thresholds of natural systems. It also favors the near term over the long term, 

ÓÈÏ×ÉÎÇ ÌÉÔÔÌÅ ÃÏÎÃÅÒÎ ÆÏÒ ÆÕÔÕÒÅ ÇÅÎÅÒÁÔÉÏÎÓȢȱ (Brown, Plan B 3.0: Mobilizing to 

Save Civilization, 2008)  

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

we impose a cost on future generations either to 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 arÅ ÒÅÔÕÒÎÅÄ ÔÏ ȰÎÏÒÍÁÌȱ ÌÅÖÅÌÓ. If this cost is not reflected 

in the price of the products that are produced by processes that emit carbon into the 

atmosphere or in the price of products that emit carbon into the atmosphere when 

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

ÂÙ ÔÈÅÉÒ ȰÔÒÕÅ ÃÏÓÔȱ ÔÏ ÓÏÃÉÅÔÙȟ ÁÎÄ ÃÁÒÂÏÎ ÐÏÌÌÕÔÉÏÎ ÍÁÙ ×ÅÌÌ ÃÏÎÔÉÎÕÅ ÕÎÁÂÁÔÅÄȢ 

One of the reasons that 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 occur too far into the future: 

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

resources and who 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 emissions. The 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 pre-determined baseline. Given two options to supply energy, 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; and this 

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 intention at this point to 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 analyses, 

thus showing how putting even a modest price on carbon affects the relative cost 

rankings of the various energy supply-side options and demand-side measures available 

to us. 

In his book, Ȱ0ÌÁÎ " σȢπ ɀ -ÏÂÉÌÉÚÉÎÇ ÔÏ 3ÁÖÅ #ÉÖÉÌÉÚÁÔÉÏÎȱȟ Lester Brown, one of the 

×ÏÒÌÄȭÓ ÐÒÅ-eminent green activists, 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 today. Brown argues 

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

environmentally sustainable levels, and moreover that it is not nearly as onerous as 

many other revenue-raising tax regimes on fossil fuels that are currently in place in 

EuÒÏÐÅȢ 4ÈÅ ςπρπ 2ÅÐÏÒÔ Ȱ#ÁÒÉÂÂÅÁÎ 2ÅÇÉÏÎÁÌ %ÌÅÃÔÒÉÃÉÔÙ 'ÅÎÅÒÁÔÉÏÎȟ )ÎÔÅÒÃÏÎÎÅÃÔÉÏÎȟ 

ÁÎÄ &ÕÅÌÓ 3ÕÐÐÌÙ 3ÔÒÁÔÅÇÙȱ ÐÒÅÐÁÒÅÄ ÂÙ Nexant consulting firm used a price of $50 USD 

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 ton (from 2010) , and to increase this price by 7% 

per year over the planning horizon, as shown in Figure 3.1.0 below. This is equivalent to 

a constant price of $50.00 USD at 10% real discount rate over the planning horizon. 

 

Figure 3.1.0: Carbon Price Projections for the Period 2010 -2040  
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Supply Potential  

For each of the indigenous sources, we further assess its full developable potential 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 MWhs, and current 

demand for all energy forms, including electricity and transport fuels, is approximately 

12,849 TJ. These should serve as reference points for determining what portion of 

energy needs can potentially be supplied from the resource.   

INDIGENOUS RENEWABLE ENERGY SOURCES 

Wind  Energy 

State of the Technology 

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

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

across the oceans and from pre-industrial 

times to pump water and mill grains. 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) the day; and 

the windiest locations tend to occur in the 

deep offshore areas and on land 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 

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

blowing over the sea. The latter presents significant engineering challenges during 

deployment and maintenance ɀ and substantial R&D efforts continue to be dedicated to 

finding ways to overcome these challenges. But although more complex and hence more 

costly to deploy and maintain, offshore wind power installations have a number of key 

Ȱ4ÈÅ ÇÒÏÓÓ ɉ×ÉÎÄɊ ÅÎÅÒÇÙ 

production potential from 

ɉ"ÅÌÉÚÅȭÓɊ ÏÆÆÓÈÏÒÅ ÁÒÅÁÓ 

with moderate -to-excellent 

×ÉÎÄ ÒÅÓÏÕÒÃÅ ȣ ÉÓ ÏÖÅÒ 

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 

ÙÅÁÒÓȢȱ 
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advantages over onshore installations. Firstly, wind is more abundant and stable over 

the sea. Secondly, larger wind turbines ɀ which tend to be more efficient - can be 

deployed (in shallow) offshore more easily than onshore. 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 very 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 IEA (IEA, 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 from the wind at a particular point in time is directly 

proportional to the cube of the wind speed at 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 surrounding the wind plant. Theoretically therefore, if, at a 

certain point in time, the wind speed in a location A is twice that of the wind speed in 

another location B, then the power output of a wind turbine at location A will be 8 times 

as much as the power 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 speed 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 3.1.1 below. 

  10 m (33 ft)   50 m (164 ft)  

 Wind  Class  WPD 
(W/m 2) 

 Speed in m/s (mph)   WPD (W/ m2)  Speed in m/s (mph)  

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 least energy 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 wind-powered 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 ten-year project evaluation period and using the current grid 

emission rate as the baseline, this would yield 10 x 26,280 x (0.289 ɀ 0.021) = 73,058 CERs. At a price of 

$25 USD per CER, these can be traded in for $1,826,145 USD (undiscounted value): about 10.5% of the 

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

A much-touted disadvantage attributed to wind power generation by some of the more 

extreme environmentalists is that windmills kill significant amounts of birds. However, 

data collected in 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 rates ɀ between 

turbines and birds ɀ have been usually low where proper pre-construction 

investigations are carried out as part of environmental impact assessments to ensure 

that wind farms are not sited close to the habitats of nesting birds (MacKay, 2009). 

Resource Availability and Utility -scale Supply Potential: Onshore Wind 

According to the 53 $/%ȭÓ National Renewable Energy Laboratory (NREL), Belize has 

approximately 737 square kilometers (or 284.5 square miles) of onshore terrain with 

moderate-to-excellent wind resource - that is, Class 3 or higher ɀ 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 sea level. 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 generation purposes, then the 

gross energy production potential of the usable land area is 1,528,316 MWhs.   
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 Wind  Class Terrain 
area29 ( in sq. 
km)  

Annual Energy 
Production Potential 30 
(MWh per sq. km) 

Total Annu al Energy 
Production  Potential  
(MWh)  

 3 497 9,500 4,721,500 

 4 234 12,100 2,831,400 

 5 6 14,780 88,680 

 6 0 0 0 

 7 0 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 wind generation from terrain with moderate-to-excellent wind resource, using 

ÔÏÄÁÙȭÓ ÔÅÃÈÎÏÌÏÇÉÅÓȟ ÉÓ ÔÈÅÒÅÆÏÒÅ ÁÐÐÒÏØÉÍÁÔÅÌÙ ωπϷ Ø ρȟυςψȟσρφ -7ÈÓ Ѐ ρȟσχυȟτψτ 

MWhs of electricity per year.  This is just under 3 times our current annual utility -

provided electricity consumption rate.  

Resource Availability and Utility -scale Supply Potential: Offshore Wind 

According to the NREL wind resource maps, Belize also has approximately 3,50031 

square miles of offshore marine water area with moderate-to-excellent wind resource 

up to 70 miles off the coastline: this includes about 80032 square miles of shallow33 

marine area with Class 3 wind resource between the coast and the barrier reef, 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 moderate-to-excellent wind resource at 80 metres above 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 years35. Of this total 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 

                                                        
29 Terrain areas ÁÓ ÐÒÏÖÉÄÅÄ ÂÙ ÔÈÅ .2%,ȭÓ Ȱ#ÅÎÔÒÁÌ !ÍÅÒÉÃÁ 7ÉÎÄ 2ÅÓÏÕÒÃÅ -ÁÐÐÉÎÇ !ÃÔÉÖÉÔÙȱ 2ÅÐÏÒÔ 

(NREL). 

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

31 Approximate measurement derived from Central America wind resource map (NREL). 

32 Ibid. 

33 Shallow offshore for wind energy development purposes is water of depth of less than 30 m (MacKay, 

2009). The marine waters between the coast and the Belize Barrier Reef, from the North going 

southwards to Belize City, are at most 6 m in depth (UNEP, 2009).  

34 Approximate measurement derived from Central America wind resource map (NREL). 

35 The 2020 electricity demand forecast for all of Central America excluding Mexico is 67,557,000 MWh 

(WEC, 2008).  
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generation, then the gross energy production potential of the usable shallow offshore 

area is 1,475,250 MWhs per year. 

 Wind  Class Terrain area 
(in sq. km) 

Annual Energy 
Production Potential 36 
(MWh per sq. km) 

Total Ann ual Energy 
Production  (MWh)  

 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 Potential for Wind Class 3 & higher at 80 m above sea 
level  

Assuming an availability factor of 80% for shallow offshore, the net energy production 

from shallow offshore wind generationȟ ÕÓÉÎÇ ÔÏÄÁÙȭÓ ÔÅÃÈÎÏÌÏÇÉÅÓȟ ÉÓ ÔÈÅÒÅÆÏÒÅ 

approximately 80% x 1,475,250 MWhs = 1,180,200 MWhs of electricity per year.  This is 

over 2 times our current annual utility -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 

able to meet ALL  of our electricity  needs from utility - scale onshore and 

shallow offshore w ind energy alone for the next 20  years  (assuming a 5.5% 

growth rate) , using the todayôs technologies and allocating less than 0.7 % of 

our total land area and less than 3% of our total shallow offshore marine 

waters to its production.  

There is an important caveat that should 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 wind-powered plants at those sites. 

Production Costs 

According to a 2008 Conference PÁÐÅÒ ÔÉÔÌÅÄ Ȭ7ÉÎÄ %ÎÅÒÇÙ ÉÎ ,ÁÔÉÎ !ÍÅÒÉÃÁȭ (Blanco, 

2008), the average cost of producing one KWh of gross energy from onshore wind in the 

Latin American and Caribbean region ranges between $0.03 - $0.05 USD per KWh for 

good onshore sites with low surface roughness and capacity factors greater than 35%37. 

The IEA estimates much higher onshore wind power costs: currently between $0.07 to 

$0.13 USD per KWh  (IEA Technology Roadmap- Wind Energy, 2011). Our calculations 

give a figure of $0.0895 USD per KWh for a nominal 10 MW onshore wind plant with a 

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

37 This estimate appears to be very optimistic: in a Brazilian energy auction in 2009, the average cost for 

wind power actually contracted was about $0.083 USD per KWh (Yepez-García, Johnson, & Andrés, 2010). 
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capacity factor of 30%, assuming installation costs of $1,700 USD per KW. The US DOE 

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 annual 

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 further 

above, wind is an intermittent energy source: the wind speed, and hence the power derivable 

from the wind, at any time varies widely across the time of the day. This means that there will 

be times ɀ actually many times ɀ when the wind plant is not running at its maximum capacity. 

Moreover, if the maximum capacity of the wind plant is greater than the demand during certain 

periods of the day, then there may be times when all the power derivable from the wind plant 

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

used, unless it can be stored for later use. 

In general therefore, assuming well-planned staging of wind farms so that capacity maintains 

pace with demand, most utility-scale wind plants that are deployed around the world have 

capacity factors in the range of 20 to 40%. Although data for the Caribbean available from wind 

energy installations in Curacao and Jamaica indicate that a 35% capacity factor is achievable, a 

safer assumption would be a capacity factor of 30% for onshore installations in Belize.  

The cost per KW of offshore wind power installations can be more than twice the cost of 

onshore wind power installations: this is because of the higher foundation and cabling 

costs which increase with distance from the shore (IEA Technology Roadmap- Wind 

Energy, 2011). Moreover, the O&M cost as a percentage of the turbine cost is usually 

higher because offshore wind turbines are exposed to high concentrations of salt in the 

air and therefore deteriorate more quickly and it costs more to do maintenance work in 

the middle of the sea than on land. Though the higher capital and O&M costs are 

partially offset by the higher yields of offshore wind installations, in general, a KWh of 

offshore wind energy costs 1.5 to 2 times the cost of a KWh of onshore wind energy. The 

IEA reports that the LCOE for offshore wind projects developed between 2005 and 2008 

ranged between $0.11 and $0.13 USD per KWh (IEA Technology Roadmap- Wind 

Energy, 2011). These costs are projected to fall by 25% by 203038. 

The IEA Technology Roadmap ɀ Wind Energy 2011 estimates that the wind turbine itself 

constitutes 75% of the initial capital cost of a wind power project for onshore wind, and 

50% for offshore wind39. O&M cost is shared 50:50 between replacement parts, 

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 foreign-sourced, then 75% of the 

O&M cost flows out of the country. On average therefore, about 80% of the cost of 

generating onshore wind will flow  out of our country to pay foreign sources. 
                                                        
38 Based on IEA projections that investment costs will decrease by 27% and O&M costs by 25% by 2030. 

39 ! ςππτ 2ÅÐÏÒÔ Ȭ7ÉÎÄ %ÎÅÒÇÙ ɀ 4ÈÅ &ÁÃÔÓ Ȭ ÅÓÔÉÍÁÔÅÓ ÔÈÁÔ ÁÐÐÒÏØÉÍÁÔÅÌÙ ψπϷ ÏÆ ÔÈÅ ÉÎÉÔÉÁÌ ÃÁÐÉÔÁÌ ÃÏÓÔ ÏÆ 

a wind power project is the cost of the wind turbine itself (Morthorst, 2004). 
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The 2009 RÅÐÏÒÔ Ȭ-ÁÎÁÇÉÎÇ 6ÁÒÉÁÂÉÌÉÔÙȭ (Milborrow, 2009)  found that the additional cost 

40 incurred in integrating wind  resources power into supply networks is negligible if the 

energy supplied by the resource is less than 20% of the total network supply. Table 3.1.4 

below provides a summary of the extra costs41 of integration for different wind 

penetration levels. 

Wind Penetration Level  Lower Level Cost Upper Level  Cost 

10%    1.50 USD per MWh 

20%  2.25 USD per MWh 3.00 USD per MWh 

40%  7.50 USD per MWh 10.50 USD 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 costs in the range of $0.112 to $0.1195 USD per KWh. 

 

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

Figure 3.1.5.1 above compares the projected trends in the cost of onshore and shallow 

offshore wind generation with baseload diesel generation costs over the forecast 

horizon. 

The graphs show that both onshore and shallow offshore wind generation ɀ 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 short-term 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 are however 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 energy to 

serve all our energy needs more than 5,000 times over at current consumption rates! 

Moreover, like Wind, energy from the Sun has a 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 cover and 

other obstructions at any time of the day. 

There are two main utility -scale technologies for harnessing the energy of the Sun: solar 

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

Solar PV technologies convert sunlight (the light of the sun) into electricity. Solar PV 

panels are made of semi-conductor material that absorb sunlight and create an electric 

field that drives electricity through the connected circuit. Some versions of solar PV, 

called crystalline silicon PV (c-Si), use silicon-based semi-conductors that convert about 

12-20% of the energy of the sun into electricity. C-Si PV accounts for 85-90% of the 

global solar PV market today (IEA - Solar PV Roadmap, 2011). Newer thin-film 

semiconductors, made of cadmium-telluride and copper indium diselenide , have lower 

conversion efficiencies, but are much cheaper to make42; and, as a result, installations 

using thin-film PV have lower life cycle costs ɀ 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) is an emerging PV technology that concentrates sunlight on a 

small high efficiency cell43. 

  

Figure 3 .1.6: (a) The Nellis Solar PV Plant in Nevada, USA (b) A CSP Parabolic Trough Solar Farm 

Concentrating Solar Power (CSP) is a class of technologies that concentrates ÔÈÅ ÓÕÎȭÓ 

energy to heat a receiver; the heat collected is then transformed into steam to drive 

steam turbines for electricity generation or to drive chemical processes. CSP is best 

deployed in regions with plenty of sunshine (average DNI above 2000 KWh/m2/year) 

and clear skies44. There are four main types of CSP technologies, categorized by the way 

ÔÈÅÙ ÔÒÁÃË ÁÎÄ ÆÏÃÕÓ ÔÈÅ ÓÕÎȭÓ ÒÁÙÓ ÁÎÄ ×ÈÅÔÈÅÒ ÔÈÅ ÒÅÃÅÉÖÅÒ ÉÓ ÆÉØÅÄ ÏÒ ÍÏÂÉÌÅȡ ÐÁÒÁÂÏÌÉÃ 

troughs (the most mature of the technologies), parabolic dishes, linear fresnel collectors 

and solar towers. CSP for electricity generation is used mainly in large-scale applications 

of 100 MW to 300 MW. 

CSP plants have the significant advantage ɀ over their PV counterparts and other non-

dispatchable renewable energy technologies ɀ of being able to provide relatively cheap 

short-term thermal energy storage (TES)45, and so smooth variability of supply 

especially during periods of reduced sunlight caused by cloud cover (NREL: 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 solar-powered CSP plant emits 0.04 tCO2e GHG per MWh of electricity 

generated (Wikipedia: Emissions Intensity, 2011)46. Both of these are lower than the 

                                                        
43 Solar-to-electric AC efficiencies of 23% have already been demonstrated in tests. IEA forecasts that AC 

efficiencies of over 30% can be reached in the medium term (IEA, 2011). 

44 That is in regions located between 15 to 40 degrees latitude north or south of the equator (IEA, 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 heat - by 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 dispatchability 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 into 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 production (Lesser & Puga, 2008), 

the depletion of rare minerals used in PV manufacturing, the dangers inherent in 

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 resolved - as 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 to the NREL solar map for Central 

!ÍÅÒÉÃÁȟ ÁÂÏÕÔ φυϷ ÏÆ "ÅÌÉÚÅȭÓ ÌÁÎÄ ÁÒÅÁ ÒÅÃÅÉÖÅÓ 

5.0 to 5.5 KWh per square meter of sunshine47 per 

day. This is below the lower level threshold 

generally required for CSP solar plants, and so 

Solar CSP is probably not well suited for Belize. If 

we assume that this solar irradiation is converted 

to electricity using Solar PV technologies48 with an 

average conversion efficiency of 16%, this works 

out to a gross energy potential of 5.25 

KWh/m 2/day x 65% of land area x 23,000,000, 

000 m2 x 365 days x 16% conversion sunlight-to-

DC electricity efficiency x 75% DC-to-AC 

conversion efficiency = 3,437,750,000 MWhs per year. Again, to put this figure in 

perspective, this is sufficient to meet the projected electricity needs of the entire Central 

American region, including Mexico, for the next 50 years at current growth rates49.  

 If we very conservatively assume that only 1% of this land area is available and 

amenable for solar generation, then the possible annual energy output from solar 

ÇÅÎÅÒÁÔÉÏÎȟ ÕÓÉÎÇ ÔÏÄÁÙȭÓ ÔÅÃÈÎÏÌogies, is therefore equal 1% x 3,437,750,000 MWhs = 

34,377,500 MWhs per year. Using an availability factor of 95%50, the net energy 

potential is 95% x 34,377,500 = 32,658,625 MWhs. The exact amount of land area 

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

48 Solar PV is used here instead of Solar CSP, because CSP requires clear skies and average DNI above 2000 

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

49 #ÅÎÔÒÁÌ !ÍÅÒÉÃÁȭÓ ÅÌÅÃÔÒÉÃÉÔÙ ÃÏÎÓÕÍÐÔÉÏÎ ÉÎ ςπρπ ×ÁÓ ÁÐÐÒÏØȢ ςυσȟπππȟπππ -7È ɉ-ÅØÉÃÏȡ ςρπȟπππȟπππ 

and the rest of CA: 43,000,000). At growth rates 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 97-98%). 

ȰɉThe) gross energy 

production potential ( of 

"ÅÌÉÚÅȭs solar energy 

ÒÅÓÏÕÒÃÅɊ ȣ ÉÓ sufficient to 
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electricity needs of the 

entire Central American 

region, including  Mexico, 

for the next 5 0 years at 
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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  years 51, using the todayôs technologies and 

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

Production Costs 

Despite many years of research 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. The current cost52 per 

KWh of electricity from utility -scale solar PV is about USD $0.32 per KWh: ranging from 

USD$0.24 per KWh for sites with high DNI to $0.48 per KWh for sites with moderate-to-

low DNI (IEA - Solar PV Roadmap, 2011). Solar CSP currently costs between USD$0.20 

per KWh and $0.295 per KWh for large parabolic trough plants (IEA, 2011). 

However, advances in solar conversion technologies continue to be made as developed 

countries allocate more monies to research and development in alternative energy in 

face of the shrinking oil supplies and the ill-effects associated with fossil fuel 

combustion. The IEA Solar PV Roadmap 2011 projects the efficiency of solar crystalline 

PV to increase from 16% today to 25% in 2030. Newer thin film technologies are 

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

 

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

EERE, 2007) 

Of particular significance is the recent involvement of China and Taiwan in the solar PV 

market: #ÈÉÎÁȭÓ ÓÏÌÁÒ 06 ÍÁÒËÅÔ ÈÁÓ ÇÒÏ×Î ÒÁÐÉÄÌÙȟ ÅØÐÅÒÉÅÎÃÉÎÇ Á twenty-fold increase 

                                                        
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. 

52 2008 Costs 
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in capacity in just four years; China and Taiwan together now produce more than 50% of 

both crystalline silicon cells and modules, with China now leading the world in PV cell 

exports (Melbourne Energy Institute, 2011). Further innovations ɀ coupled with 

economies of scale and learning curve effects53 - are expected to drive down unit capital 

costs of solar PV conversion technologies to about 60-70% of current levels over the 

next 10 years, leading to further reductions in life cycle costs (See figure below). 

 

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 decrease to a median of $0.14 

USD per KWh (in the range $0.105 - $0.210 per KWh) by 2020 and a median of $0.09 

USD per KWh (in the range $0.070 - $0.135 per KWh) by 2030 (IEA - Solar PV Roadmap, 

2011). 

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

below: 

 

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

,ÁÚÁÒÄȭÓ Levelized Cost of Energy Analysis 3.054 found that while Solar PV technologies 

ÈÁÖÅ ÔÈÅ ȰÐÏÔÅÎÔÉÁÌ ÆÏÒ ÓÉÇÎÉÆÉÃÁÎÔ ÃÏÓÔ ÒÅÄÕÃÔÉÏÎÓȱȟ ÏÔÈÅÒ ÃÏÎÖÅÎÔÉÏÎÁÌ ÅÎÅÒÇÙ 

                                                        
53 (Borenstein, 2008) argues however that analysis of historical cost and production data over the past 30 

years has revealed that learning-by-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 Italy), 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 lves 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.  

 

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: Solar 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 1/3rd 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 on the 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 increases or as required. 

There are three general types of hydro-electric plants:  

$0.0000 

$0.0500 

$0.1000 

$0.1500 

$0.2000 

$0.2500 

$0.3000 

$0.3500 

$0.4000 

$0.4500 

2010 2015 2020 2025 2030 2035 2040 

U
S

D
 p

e
r 

K
W

h 

Solar PV Energy Cost Projections (2010-2040) 

Solar PV w/o carbon cost 

Solar PV w/ carbon cost 

Baseload diesel generation w/o 
carbon cost 

Baseload diesel generation w/ carbon 
cost 



Ȱ%ÎÅÒÇÙ "Ù ÔÈÅ 0ÅÏÐÌÅ ȣȢ &ÏÒ ÔÈÅ 0ÅÏÐÌÅȱ 

 

45 
 

a) Run-of-the-river Hydro Plants: The power output at any time is solely dependent on 

the current amount of flow ÁÎÄ ÎÁÔÕÒÁÌ ȰÈÅÁÄȱ in the river 

b) Reservoir Hydro Plants: These use reservoirs (or dams) to store excess water that is 

released as needed to produce energy. Reservoir Hydro plants therefore tend to have 

a higher firm capacity and hence higher capacity factors than run-of-the-river plants. 

However, the additional cost of the reservoir makes storage plants significantly more 

costly to build. 

c) Pumped Storage Hydro Plants: Like Reservoir Hydro Plants, these use reservoirs (or 

dams) to store water. In addition, however, water released downstream of the 

reservoir can be pumped back into the reservoir (for later use) when excess energy 

is available from other sources.  

Hydro plants are also categorized, according to their maximum power producible, into: 

large hydro (> 50 MW), medium hydro (10 MW ɀ 50 MW), small hydro (1 MW ɀ 10 MW), 

mini hydro (100 KW ɀ 1 MW), micro hydro (10 KW - 100 KW), and pico hydro (10 KW 

or less). As a general rule, medium and large hydro plants usually feature a reservoir or 

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

Environmental Benefits/Costs  

Like the Wind and the Sun, Hydro has a near-zero GHG emissions footprint Hydro: about 

0.015 tCO2e GHG per MWh of electricity generated (Wikipedia: Emissions Intensity, 

2011). This is lower than the current 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 run-of-the-river hydro plant would generate 5 MW x 40% capacity factor x 8,760 hours = 17,520 

MWhs of electricity per year. 

Over a ten-year project evaluation period and using the current grid emission rate as the baseline, this 

would yield 10 x 17,520 x (0.289 ɀ 0.015) = 48,005 CERs. At a price of $25 USD per CER, these can be 

traded in for $1,200,120 USD (undiscounted value): 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 build-up of 

water behind the dams destroys some terrestrial habitats, whilst the uneven flow 

downstream of the dam destroys both terrestrial and marine habitats. 

The latter issue has been at the heart of numerous, well-publicized 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 from environmental NGOs. 
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Resource Availability and Utility -scale Supply Potential 

In 1990ȟ Á ÃÏÍÐÒÅÈÅÎÓÉÖÅ ÓÔÕÄÙ ÏÆ "ÅÌÉÚÅȭÓ ÈÙÄÒÏ-electric power potential was 

commissioned by BEL, and conducted by CIPower, a Canadian consultancy firm. At that 

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

potential, capable of yielding 330,000 MWh of annual energy, throughout 12 sites 

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

To date, just over 50 MW of hydropower has been developed on the Macal River (in the 

Cayo District) in a cascading scheme format: the 7 MW Chalillo Hydro Plant, the 25.2 

MW Mollejon Hydro Plant, and the 18 MW Vaca Plant. The Chalillo Hydro Plant has a 

reservoir with a storage capacity of 120 million cubic meters (of water); the Mollejon 

and Vaca Hydro Plants have minimal storage capacity (approximately one million cubic 

meters each) 55.  An additional 3.2 MW run-of-the-river hydro plant, Hydro Maya, was 

also built on the 2ÉÏ 'ÒÁÎÄÅ ɉȬ"ÉÇ 2ÉÖÅÒȭɊ in the Toledo District. Together, all four hydro 

plants generated 263,500 MWh of electricity in 2010. 

 

Figure 3.1.10 : The Chalillo Hydro  Plant is part of a 50 MW cascading scheme on the Macal River  in 
Belize 

The remaining sites, screened in the 1990 CIPower Report, that have not yet been 

developed include: Rubber Camp (15 MW), Swasey Branch (3 MW), South Stann Creek 

(2 MW), Bladen Branch (2 MW), and Rio On (0.6 MW).  However, a hydro project at 

Rubber Camp is no longer possible because its potential output has been substantially 

reduced as a result of the development of Chalillo; and in any case it would likely have 

faced similar environmental concerns brought to the fore during the protracted debates 

over the construction of Chalillo. 

                                                        
55 Based on data provided by Mr. Joseph Sukhnandan, former Vice President of Energy Supply at BEL. 
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In 2006, an uÐÄÁÔÅÄ ÉÎÖÅÎÔÏÒÙ ÏÆ "ÅÌÉÚÅȭÓ ÈÙÄÒÏ-electric potential was carried out by a 

Finland-based firm Electro-watt Ekono on behalf of BECOL. The study identified a  

further four projects with good potential for development in addition to other sites 

named in the CIPower 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 scheme on the lower Macal River downstream of the 

current Vaca Falls Plant; a 15-20 MW cascading scheme of low-head power plants along 

the Mopan River; and a possible large-scale project at the Chiquibul site near the border 

with Guatemala with similar project characteristics to the existing cascading scheme on 

the Macal River56. The total undeveloped hydro potential (for small, medium and large 

hydro plants) of Belize is therefore estimated to be in the region of 75 to 100 MW57.     

Assuming that the full remaining hydro potential is approximately 75 MW with a 

conservative capacity factor of 40%58, the usable energy potential of currently 

undeveloped hydro generation is approximately = 75 x 40% x 8760 = 262,800 MWHs 

per year. Adding this to the 263,500 MWHs generated from Mollejon, Chalillo, Vaca and 

Hydro Maya in 2010, the usable energy potential of hydro generation in totum 

countrywide is estimated at 526,300 MWhs per year: sufficient to meet all of our current 

electrical energy needs. 

Production Costs 

 

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 

ÁÎÄ ÔÈÅ ÓÕÐÐÌÉÅÒÓȭ ÐÒÉÃÅÓ ÈÁÖÅ ÂÅÅÎ ×ÅÌÌ-documented. The energy produced from the 

medium-sized hydro schemes (Mollejon/Chalillo/Vaca) costs USD$0.095 to $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 Macal River cascading scheme. 

57 In the 2003 Energy Sector Diagnostic Report by Launchpad Consulting, Dr. Ivan Azurdia-Bravo57 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 medium-sized hydro 

plants in countries worldwide. Energy from the only run-of-the-river small hydro plant, 

Hydro Maya, costs approximately US$0.07 per KWh: this falls at the lower end 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 must 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 with 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 differential is due principally to the projected 

increases in the cost of diesel fuel. 

Geothermal  Energy 

State of the Technology 

Geothermal energy  occurs as a heat streams that rise ÔÏ ÔÈÅ ÅÁÒÔÈȭÓ ÓÕÒÆÁÃÅ from two 

sources: heat emanating ÆÒÏÍ ÔÈÅ ÒÁÄÉÏÁÃÔÉÖÅ ÄÅÃÁÙ ÏÆ ÅÌÅÍÅÎÔÓ ×ÉÔÈÉÎ ÔÈÅ ÅÁÒÔÈȭÓ ÃÒÕÓÔ, 

and heat trickling through the mantle and crust ÆÒÏÍ ÔÈÅ ÅÁÒÔÈȭÓ ÃÏÒÅȢ These heat 

currents are ÍÏÒÅ ÉÎÔÅÎÓÅ ÉÎ ÁÒÅÁÓ ×ÈÅÒÅ ÔÈÅ ÅÁÒÔÈȭÓ ÃÒÕÓÔ ÉÓ ÔÈÉÎ; or where natural 

conduits to the surface - such as volcanoes, geysers and hot springs - occur; or where 

man-made conduits exist in the form of holes drilled for oil, natural gas and water 

extraction. As a consequence, geothermal energy developments have historically been 

limited to these areas. However, recent technological breakthroughs and the rising cost 

of traditional energy sources have considerably expanded the scope of viable 

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

short supply, holes can now be drilÌÅÄ ÄÅÅÐ ÂÅÌÏ× ÔÈÅ ÓÕÒÆÁÃÅ ÔÏ ȰÐÕÌÌȱ ÔÈÅ ÈÅÁÔ ÆÒÏÍ ÔÈÅ 

hot rocks within the earth - much like drilling for oil - via what are called Enhanced 

Geothermal Systems (EGS).  

! ÖÅÒÙ ÓÉÇÎÉÆÉÃÁÎÔ ÁÄÖÁÎÔÁÇÅ ÏÆ ÇÅÏÔÈÅÒÍÁÌ ÅÎÅÒÇÙ ÉÓ ÔÈÁÔ ÉÔ ÉÓ ȰÁÌ×ÁÙÓ ÏÎȱ ÁÎÄ does not 

suffer from the intermittency problem that plagues both solar and wind generation 

deployments. This makes geothermal developments extremely suitable for baseload 

dispatch in electrical power supply systems. 

Geothermal resources can also be used to 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 steam is pulled 

ÆÒÏÍ ÔÈÅ ÅÁÒÔÈȭÓ ÃÒÕÓÔ ÁÎÄ used directly to drive turbines that generate electricity. 

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

hydrothermal reservoirs ×ÉÔÈÉÎ ÔÈÅ ÅÁÒÔÈȭÓ ÃÒÕÓÔȟ depressurized in low-pressure 

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

c) Binary Cycle Power Generation :  Moderately hot water is passed through heat 

exchangers tÏ ÈÅÁÔ ÁÎÏÔÈÅÒ Ȱ×ÏÒËÉÎÇȱ ÆÌÕÉÄ (refrigerant)  that boils at a lower 

temperature than water. The working fluid is converted into gaseous form (when 

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

naturally-occurrÉÎÇ ÈÙÄÒÏÔÈÅÒÍÁÌ ÒÅÓÅÒÖÏÉÒÓ ×ÉÔÈÉÎ ÔÈÅ ÅÁÒÔÈȭÓ ÃÒÕÓÔ ÏÒ ÆÒÏÍ ÔÈÅ 

waste hot water produced as a by-product 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 

ÔÈÅ ÁÔÍÏÓÐÈÅÒÅ ×ÈÅÎ ÔÈÅ ×ÁÔÅÒ ɉÏÒ ÓÔÅÁÍɊ ÉÓ ÐÕÌÌÅÄ ÔÏ ÔÈÅ ÅÁÒÔÈȭÓ ÓÕÒÆÁÃÅȢ 'eothermal 

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 developed59.  

Resource Availability and Utility -scale Supply Potential 

There is no record of any comprehensive study of "ÅÌÉÚÅȭÓ ÐÏÔÅÎÔÉÁÌ ÆÏÒ geothermal 

energy development being done in the recent past. A part of the reason for this may 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 possess any viable 

geothermal resources. However, there is evidence that volcanic activity occurred in the 

South-West region of Belize in the past and it is likely that low-temperature geothermal 

resources (that can be exploited using Binary Cycle Power Generation technology) may 

be found in that area. A 2007 Energy Sector Review commissioned by the IDB briefly 

noted that an RE expert hired by the GOB ÈÁÄ ÍÅÎÔÉÏÎÅÄ ÔÈÁÔ ÔÈÅÒÅ ×ÁÓ Á ȰÐÒÏÍÉÓÉÎÇȱ 

geothermal resource in the South of Belize, but that it was not possible to confirm the 

claim (Arbeláez, 2007). Given high oil prices, EGS - once commercially rolled out - should 

therefore be considered an option 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 during the 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: including bagasse (from sugar 

processing), saw dust (from wood processing), forest and crop residues, manure (from 

cattle and poultry),  liquid waste from sewers and septic tanks, and 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 drive steam turbines to generate electricity; 

it may also be ÃÏÎÖÅÒÔÅÄ ÔÏ ȰÓÙÎÇÁÓȱ ÔÈÁÔ ÉÓ ÔÈÅÎ ÕÓÅÄ ÉÎ ÇÁÓ ÔÕÒÂÉÎÅÓ ÔÏ ÐÒÏÄÕÃÅ 

electricity. Most modern biomass-based plants are built as cogeneration facilities, where 

the biomass is burnt to produce high-pressure steam that drives turbines to produce 

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

applications. Recent advances in technology have also created a new opportunity for 

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

replacement ɉ4ÈÉÓ ×ÉÌÌ ÂÅ ÆÕÒÔÈÅÒ ÄÉÓÃÕÓÓÅÄ ÕÎÄÅÒ ÓÅÃÔÉÏÎ ÏÎ Ȱ"ÉÏÆÕÅÌÓȱ ÆÕÒÔÈÅÒ ÂÅÌÏ×Ɋ. 

Of course, the conversion of biomass (waste) to electricity and/or cellulosic ethanol 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; mainly, it can use large amounts of water and 

cause air pollution (and hence damage habitats and ecosystems). The technology and 

conversion process used to produce secondary energy from biomass must therefore be 

carefully selected and monitored in order to mitigate the harmful effects of its 

production. 

Environmental Benefits/Costs  

Plant-based biomass power plants emit (net) zero 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 during plant growth OR are considered part of the 

natural cycle of CO2 sequestration and release). Obviously, introducing plant-based 

biomass power plants into the supply mix will lower the grid GHG emission rate. Beyond 

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

MSW-fired (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 403,675 tonnes of bagasse was produced by the BSI Factory60 

from 1.167 million tonnes of sugar cane. About 75% of this bagasse, along with 229,420 

gallons of heavy fuel oil, was used in steam turbines to generate 97,961 MWh of 

electricity and 456,270 tonnes of low pressure steam (used in boilers). The electricity 

generated from the steam turbines was supplemented by an additional 5,748 MWhs of 

electricity from diesel generators to supply the internal electricity needs of BSI and 

BELCOGEN (55,077 MWhs), and the remaining 48,632 MWhs was sold into the grid. 

According to BSI, the output to the grid could have been doubled (to approximately 

100,000 MWhs) if all of the bagasse produced was burnt to produce high-pressure 

steam.  

Non-Bagasse Sources 

2ÏÕÇÈ ÅÓÔÉÍÁÔÅÓ ÏÆ "ÅÌÉÚÅȭÓ ÂÉÏÍÁÓÓ ÐÏÔÅÎÔÉÁÌ ÆÒÏÍ ÏÔÈÅÒ ÓÏÕÒÃÅÓ ×ÅÒÅ ÇÌÅÁÎÅÄ ÆÒÏÍ Á 

2009 OAS Cellulosic Biomass Study61. This study assessed the quantity of dry biomass 

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

processing) and MSW62.  The study estimated that a total of 3 million US tons of biomass 

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

from agricultural residues, 0.22 million tons from forestry residues, and 0.35 million 

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

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

production could easily exceed this with further expected technology developments and 

a greater focus on optimal land management. 

If we assume that one-third of the total 350,000 tons of MSW is generated in the Belize City and 

surrounding areas and that 50% of this waste can be collected for electricity generation, then we can 

produce 0.6 MWh/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 conversion rates from of 0.6 MWh63 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 MWh of electricity per year from 

biomass, not including bagasse and animal and human waste. 

                                                        
60 Which currently comprises the entire sugar processing industry. 

61 (Contreras & De Cuba, Cellulosic Ethanol Technology as Waste Management tool ɀ 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 MSW will 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.  

Product ion Costs 

Electricity from Bagasse, ÐÒÏÄÕÃÅÄ ÁÔ "3)ȭÓ 4Ï×ÅÒ (ÉÌÌ &ÁÃÔÏÒÙ ÁÎÄ ÓÏÌÄ ÉÎÔÏ "ÅÌÉÚÅȭÓ 

national grid, currently costs approximately $0.117 USD per KWh; and (per contract) is 

expected to increase by 2% each year. This figure falls at the higher end of the range of 

costs for electricity produced from solid biomass for utility-scale projects around the 

wor ld; that is, from $0.05 to $0.12 USD per KWh. 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 end of this range around $0.010 USD per KWh. 

 

Figure 3.1.11: Cost Projections for Biomass -based vs. Diesel Electricity Generation for 2010 -2040  

Bio-fuels 

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

"ÒÁÚÉÌȭÓ ÈÕÇÅ ÓÕÃÃÅÓÓ ×ÉÔÈ ÒÅÐÌÁÃÉÎÇ ÇÁÓÏÌÉÎÅ ×ÉÔÈ ÅÔÈÁÎÏÌ ÂÌÅÎÄÓ ÉÎ ÔÈÅ ρωχπȭÓȟ ÁÎÄ in 

more recent times with the emergence of their versions of flex-fuel vehicles that can run 

on varying blends of gasoline and ethanol. While wood (used mainly for cooking) 

continues to be the most widely-used biofuel by far, there are three main bio-fuels that 

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

cane ethanol, cellulosic ethanol and bio-diesel.  

Wood Fuel 

State of the Technology 

Large quantities of wood fuel (firewood) are used mainly for 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: 

· Cooking by using firewood to fuel open or semi-closed 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 (20-25% on average) 

Note these cost approx. $600 to $3,000 USD. (Biogas Support Program, Nepal - Study 

2ÅÐÏÒÔ ÏÎ Ȭ%ÆÆÉÃÉÅÎÃÙ -ÅÁÓÕÒÅÍÅÎÔ ÏÆ "ÉÏÇÁÓȟ +ÅÒÏÓÅÎÅ ÁÎÄ ,0' 3ÔÏÖÅÓȟ ςππρɊ. 

· The incomplete burning of firewood causes the emission of particulate matter and 

other toxic and carcinogenic substances into the air - mainly carbon monoxide, but 

also benzene, butadiene, formaldehyde, poly-aromatic hydrocarbons and many other 

compounds (Smith, 2011) - that can cause serious illnesses especially in women and 

children, who are usually the ones at home when food is being prepared. According 

to Kirk R. Smith, Professor Environmental Health Sciences at the University of 

California at Berkeley, health effects caused by continual biomass fuel use in 

ÈÏÕÓÅÈÏÌÄÓ ÉÎÃÌÕÄÅ Ȱchronic obstructive pulmonary disease, such as chronic 

bronchitis and emphysema, in adult women who have cooked over unvented solid 

fuel stoves for many yearsȱ ÁÎÄ Ȱacute infections of the lower respiratory tract 

(pneumonia) in young children, the chief killer of children worldwideȱ (Smith, 2011). 

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

energy. 

· !ÌÔÈÏÕÇÈ ÎÏÔ ÄÅÆÉÎÉÔÉÖÅȟ ȰÂiomass fuel use has also been found to be associated with 

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

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

 

Figure 3.1.12 : Premature deaths yearly worldwide due to the use of biomass for cooking compared 
with other well -known causes (Source: WEO 2006) 

· 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 

ÆÏÒÍ ÏÆ ȬÐÅÒÓÏÎ-ÈÏÕÒÓȭ - are high. 

Millions of  deaths  annually (IEA estimates based on WHO figures) 
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· The use of firewood destroys forests. In addition 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 balance, 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, especially 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 of 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 absorbed during plant and tree growth. Moreover, because wood 

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

ȰÐÒÏÄÕÃÔÉÏÎȱȢ  

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 specific indigenous wood fuel consumption data could be obtained from local 

sources, therefore data provided by international organizations had to be used to 

estimate total nation-wide consumption. According to FAO estimation, 579 kg (1.127 

cubic meters) of wood are consumed per capita for households that use wood fuel (inc. 

dried wood and charcoal) as the primary means of cooking. OLADE 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 members (Hernández, 2011). From the 2000 census, 

approximately 16% of households in Belize used wood 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 kg64 x 16% x 80,000 households x 3.9 persons per 

household x 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 LPG used by the 67,200 households that used LPG in 

2010 was about estimated at 564 TJ. This works out to approximately 8.39 GJ per 

household per year65. A household using wood for cooking (assuming all households 

cook on average the same amount of food) will therefore use 33.56 GJ per year; that is, 4 

x 8.39 GJ. Using this method, the estimated energy content of wood consumed by 

households in 2010 was therefore 33.56 x 16% x 80,000 households = 429.57 TJ. This is 

just over 1/3 of the quantity  derived using the OLADE figures.  

It could not be determined if either of the derived rates of wood fuel consumption were 

sustainable. In addition, there is no data available on how firewood is collected and re-

distributed to consumers: in particular, the percentage that is collected 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 industry (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 source. The 

/!3 2ÅÐÏÒÔ ȰCellulosic Ethanol Technology as Waste Management tool ɀ the Belize 

Potentialȱ ÐÒÏÖÉÄÅÓ Á ÃÁÌÃÕÌÕÓ ÆÏÒ ÄÅÔÅÒÍÉÎÉÎÇ ÔÈÅ ÃÏÓÔ ÏÆ ÓÕÐÐÌÙÉÎÇ ×ÏÏÄ ÒÅÓÉÄÕÅÓ ÔÏ ÂÅ 

used in the production of cellulosic ethanol. Working backwards from the results, this 

cost was deciphered to be $37.82 USD per dry metric ton of wood residues66. It should 

be borne in mind that this is the cost of collecting wood from de-centralized source sites 

and transporting it in trucks to a centralized location. 

We can reasonably assume that the cost of a single person collecting wood and 

transporting by foot or horseback to his home will be at least $37.82 USD per dry metric 

ton. On an energy-basis, 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 

(Hernández, 2011). 

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

Management tool ɀ the Belize Potential, 2009) 
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Figure 3.1.13: Cost Projections for Wood Fuel vs. LPG for 2010 -2040  

Cane Bioethanol  

State of the Technology 

Bioethanol is ethanol (a high-octane liquid fuel) produced by a process that converts 

plant starch to alcohol. It can be produced from a variety of plant sources, including 

sugar cane (Brazil), maize (USA), sugar beet (Europe) and cassava. In 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). 

Ethanol ÉÓ ÂÌÅÎÄÅÄ ×ÉÔÈ ÇÁÓÏÌÉÎÅ ÔÏ ÐÒÏÄÕÃÅ ÖÁÒÉÏÕÓ ÃÏÍÂÉÎÁÔÉÏÎÓ ÏÆ ȰÇÁÓÏÈÏÌȱȡ ÆÏÒ 

example, E10 is a blend of 10% ethanol and 90% gasoline; E25 is a blend of 25% ethanol 

and 75% gasoline. Although 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 cost - per unit of energy produced - cheaper for 

ethanol blends. Moreover, ethanol has about 20-30% lower carbon emissions per unit of 

energy output than gasoline.  

Environmental Benefits/Costs  

7.3 kg of CO2-equivalent GHGs are emitted for each gallon of bioethanol combusted. 

However, approximately the same amount of CO2 is 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 zero. In reality, indirect emissions do occur when energy from 

other sources is used during production, 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 most prone to traffic congestion. 
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Resource Availability and Utility -scale Supply Potential 

7ÈÉÌÅ "ÅÌÉÚÅȭÓ ÏÎÌÙ ÁÃÔÉÖÅ ÓÕÇÁÒ ÐÒÏÃÅÓÓÉÎÇ ÐÌÁÎÔȟ "3)ȟ ÃÕÒÒÅÎÔÌÙ ÈÁÓ ÎÏ ÆÉÒÍ ÐÌÁÎÓ ÔÏ 

start producing ethanol67, this possibility is not completely off the table, as the Banco 

Atlantida Group, the Honduras-based 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 that are 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 for export. Little 

further development has occurred since the purchase however, and, at last report, a 

change in strategy towards producing sugar was being contemplated, given the trend of 

favorable prices for sugar on the world market. The second is an ethanol bio-refinery 

and co-generation plant to be located in the Big Falls area (of the Belize District), and 

which is to be sourced from sugar cane grown on 30,000 acres of surrounding farmland. 

The bio-refinery will have the capacity to produce up to 30 million 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 USA-based company 

with experience in biofuel production in Africa and Brazil, 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 export68. This plan is still in its conceptual stages, and 

negotiations are currently underway to acquire the land in Big Falls. 

In any case, most of the required infrastructure for the production of ethanol is already 

in place at the three distilleries in Belize. The only component missing is the required 

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

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

was once available in the country, as ÓÍÁÌÌ ÑÕÁÎÔÉÔÉÅÓ ÏÆ %ψυ ȰÇÁÓÏÈÏÌȱ ×ÅÒÅ ÐÒÏÄÕÃÅÄ 

locally in 2009. Aside from market hurdles, one of the concerns noted at the time was 

the need to carefully manage the introduction of more easily available alcohol in high 

quantiti es in the market. These non-technical issues could be addressed with further 

research. 

Production Potential  

Brazil gets in the range of 6,800-8,000 litres of ethanol per year from each hectare of 

land planted69, and is working on new techniques and technology to ramp this up to 

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

68 Ibid 

69 Deduced from data provided in (Wikipedia - 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, 2011).  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 lands (CIA 

FactBook, 2009). If we assume that 5% of this land, or about 100,000 acres, can be 

designated for ethanol (from sugar cane) production and that we can get just over one-

half the lower end of the current yields that Brazil gets, then we can potentially produce 

3,500 x 5% x 809,000 = 141,575,000 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 sugarcane-based 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 costs over $1.50 USD per gallon 

ÔÏ ÐÒÏÄÕÃÅ ÁÎÄ ÅÔÈÁÎÏÌ ÆÒÏÍ -ÅØÉÃÏ ÃÏÓÔÓ ÁÂÏÕÔ ÔÈÅ ÓÁÍÅȢ )Ô ÉÓ ÌÉËÅÌÙ ÔÈÁÔ "ÅÌÉÚÅȭÓ 

production cost would be closer to that of Jamaica or Mexico, and that cane ethanol can 

today (or in the near future) be produced in Belize for around $1.60 USD per gallon70.  

 

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 second-generation bioethanol, is ethanol that is derived 

from cellulosic plant fiber found in agricultural and forestry residues; manure and 

human waste; and the organic component of MSW. Although the technology for 

producing cellulosic ethanol is still in the pilot and demonstration phase, it is already 

showing significant advantages over conventional cane ethanol:  

                                                        
70 This estimation is also based on the cost of $0.63 USD per litre of gasoline equivalent for cane ethanol 

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

b) because it can be derived from non-food sources, it does not have to compete with 

agriculture for land, and can in fact be incorporated into the agricultural production 

value chain; 

c) it has mÏÒÅ ȰÅÎÅÒÇÙ ÂÏÕÎÃÅȱ ɉÔÈÁÔ ÉÓȟ ÉÔ ÔÁËÅÓ ÌÅÓÓ ÅÎÅÒÇÙ ÔÏ ÐÒÏÄÕÃÅ ÉÔɊȠ 

d) it emits less GHG during production; 

e) although not yet commercially produced, all indications are that it will be 

considerably cheaper than gasoline ɀ and conventional ethanol - on a per-gallon 

basis. 

Environmental Benefits/Costs  

7.3 kg of CO2-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 its lifecycle are also near-zero.  

Utility -scale Supply Potential 

An additional 50,000,000 US gallons of ethanol 

per year could be produced if available biomass 

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 almost twice "ÅÌÉÚÅȭÓ current yearly 

gasoline requirements. 

Note however that the waste heat from biofuel 

production can be used to generate electricity, 

so production of ethanol and electricity from 

cellulosic biomass are not necessarily mutually exclusive. 

Production Costs 

The OAS Cellulosic Ethanol Report concludes that cellulosic ethanol can be produced in 

Belize for between $1.64 to $2.17 USD per gallon using 2008 technology, and between 

$0.0873 to $1.40 USD per gallon using 2012+ technology (Contreras & De Cuba, 

Feasibility Study on the Cellulosic Ethanol Market Potential 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 becomes available in the near future71. These 

                                                        
71 The mid-point of the $0.0873 to $1.40 USD per gallon cost range.  

Ȱ)Æ ɉ×Å ÕÓÅ ÂÉÏÍÁÓÓɊ ÔÏ 

produce cellulosic ethanol, 

×Å ÃÁÎ ÐÏÔÅÎÔÉÁÌÌÙ ÇÅÔ ȣ 

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 

ÒÅÑÕÉÒÅÍÅÎÔÓȢȱ 
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projections are however far lower than the $2.30 USD per gallon for 2020 provided in 

Figure 13 of the IEA Technology Roadmap ɀ Biofuels 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 results, and 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 and enzymes. 

 

Figure 3.1.15: Cost Projections for Cellulosic Ethanol v s. Gasoline for 2010 -2040  

Biodiesel  

State of the Technology72 

Biodiesel is diesel produced by 

mixing ethanol or methanol with 

vegetable oil, animal fats, or 

recycled cooking oil in a 

transesterification process. 

Vegetable oil sources include 

palm oil, coconut oil, canola oil, 

corn oil, jatropha seed oil, 

cottonseed oil, flex oil, soy oil, 

peanut oil, sunflower oil, 

rapeseed oil and algae. 

Biodiesel can be used with any 

diesel engine as a fuel alternative (to petroleum diesel) or as a fuel additive to reduce 

vehicle emissions. 

                                                        
72 Much of discussion below based on information gleaned from (Shumaker, McKissick, Ferland, & 

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

(Courtesy: da Schio, 2010) 






































































































































































































































































































































































































































































































































































