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1 INTRODUCTION
The visualization of a LNG or CNG hub in Jamaica can be supported by strategic considerations such as fuel supply for electric power generation and for the alumina industry sector as main consumers, also a LNG or CNG hub might transform Jamaica into a regional LNG or CNG supplier based on the utilization of the LNG/CNG storage and transshipment facilities that this hub would include.  

With the purpose of performing the evaluation of the different aspects that might involve the implementation of the referred hub type in Jamaica, PROYNCA, by request of Petroleum Corporation of Jamaica (PCJ), initiated a study with the following scope work:

· Evaluation of the challenges associated with the operation of a LNG/CNG/NG HUB in Jamaica, including the preliminary assessment of environmental, socio-economic and other material concerns.

· Analysis of the requirements for operating as a natural gas wholesaler and facilitator in the region.

· Assessment of the possible hub categories that would be best suited for Jamaica (LNG Wholesaler, NG Wholesaler, CNG Processor and Wholesaler, a combination, or other). Establish in what extent any of these categories would be feasible with no onshore storage facility.

· Assessment of the infrastructure and investment requirements for such a venture. 

· Assessment of the advantages of having a hub physically localized in Port Esquivel as opposed to the Kingston Harbour.
This document contains the information corresponding to the final report of the “Development of a Hub in Jamaica for Distribution of LNG or CNG / NG in the Region”.

2 BASIS AND PREMISES 
This section describes the General Basis and Premises of the study, but they are complemented with specific premises to be defined in each particular section of the study.

It is important to mention that the information to be used in this study shall be fundamentally taken from public sources such as specialized and government agencies, universities, mostly found in the web; also non confidential information handled by PROYNCA in previous works. If it is necessary, PROYNCA will request information from Petroleum Corporation of Jamaica.
2.1 UNITS
The measurement units to be used in this report are some accepted by the International Systems of Units (SI) and other from the Imperial System such as:

· Temperature: º F, ºC

· Pressure: psig 

· Volume (Gas): Millions of Standard Cubic Feet (MMSCF) or (MMSCM)Cubic Meters

· Volume (Liquid): cubic meters (m3)

· Weight of LNG: MMTPA or millions of metric tons of LNG per year. One MMTPA is approximately equivalent to 3.6 MMSCMD or 127.13 MMSCFD of natural gas. 

· Speed (ships): Knots, equivalent to 1,852 Km/h
2.2 GLOSSARY 

For the present study, the following definitions, among others, shall be considered:

· LNG: Acronym of liquefied natural gas, a colorless and odorless liquid, which is a light hydrocarbons mixture containing mostly methane (more than 90 vol. percent) and the rest is ethane, propane and butanes, that have been liquefied by cooling the gas to approximately -256 ºF (-160 ºC) at atmospheric pressure. In its liquefied state, a natural gas volume has been reduced 600 times, which means that LNG takes up 1/600th of the space of an equivalent mass of natural gas, making it much easier to ship this commodity and store it when pipeline transport is not feasible. 

· CNG: Acronym of compressed natural gas, which is simply natural gas compressed at 2000-3000 psig and even more at ambient temperature, to reduce the volume occupied by a certain mass of natural gas by 200 times, making feasible the storage of large masses of natural gas in relative small vessels, which make easier to ship and store the gas when pipeline transport is not feasible. 

· NG: Acronym of natural gas, a mixture of light hydrocarbons that includes mostly methane, ethane, propane, butanes, pentanes and heavier components. Also the natural gas usually contains contaminants such as carbon dioxide, nitrogen and hydrogen sulfide. In normal operations, natural gas is handled at pressures below 2,000 psig and temperatures around 70-100 ºF.

· HUB: It is a point at which title to natural gas, LNG or CNG can be transferred between buyers and sellers. It may be:

· An intersection of several pipelines on a pipeline grid, where buyers and sellers can make or take delivery of gas.
· A virtual point within a pipeline system.
· A LNG / CNG storage and transfer system where these products may be traded.
The hub operator offers services that facilitate buying, selling and in some cases physical transportation of gas from or into connected systems and gas can be exchanged under standard conditions. 

A hub operation might also be based upon LNG or CNG handling. 

· Regasification Plant: A process facility that allows a controlled transformation of LNG to gaseous phase which can be transported by pipelines to end users.
· Floating, Storage and Regasification Unit (FSRU): a floating facility which is used for storage and regasification of LNG. Usually a FSRU is made by conversion of a LNG carrier that includes the addition of process units for LNG regasification.
· Environmental Impact Assessment (EIA): The technical and legal process of defining how the environment would be affected by a proposed development and of determining the significance, risks and consequences of the potential impacts. The EIA process, which can be conducted by the developer or government and usually includes public consultation and comment, often results in recommendations for ways to reduce negative impacts. It can be the basis for an Environmental Management Plan.
· Environmental Degradation: The deterioration of the environment through pollution or depletion of resources such as air, water and soil; the destruction of ecosystems and the extinction of wildlife.

· Geomorphology: The study of landforms, including their origin and evolution, and the processes that shape them. Geomorphologists seek to understand landform history and dynamics, and predict future changes through a combination of field observation, physical experiment, and numerical modeling. 

2.3 MARKET RELATED ASPECTS

· Market Region


The area under study will comprise, in addition to Jamaica itself, some areas in the Caribbean region including some of the Major and Minor Antilles, and some countries in Central America and the Southern West of USA, embraced within a hub radius of influence to be limited by technical and economical parameters related to LNG, CNG or NG technological constrains.

· Potential Markets for Jamaica

To determine the potential markets, the following aspects will be considered: 

· Energy Characteristics, Composition and Prices

· Potential Size for Natural Gas Consumption 

· Distances from Jamaica

· Existing re-gasification Infrastructure or current projects

· Geopolitical Issues

The potential markets will be ranked by using a matrix designed for that purpose. The suppliers will be sorted by its importance considering:

· Supply Availability

· Distance to Jamaica

· Geopolitical Issues

· Potential Suppliers

Among the potential supplier of LNG for a hub in Jamaica, some countries and/or companies that have been considered in previous studies may be preselected. These countries are listed below: 

· Trinidad & Tobago (Atlantic LNG Co.)

· Venezuela (PDVSA)

· Nigeria 
· Algeria

· Qatar 
For CNG supply, due to the technology characteristics and limitations, countries like Venezuela and Colombia may be considered.
· Jamaica Internal Market 

For evaluation of the Jamaica’s internal natural gas market the following sectors shall be considered:

· Electric Power Generation

· Alumina 

· Others
· Potential LNG or CNG Export Markets for Jamaica

To determine the potential LNG / CNG markets, the following aspects will be considered:

· Energy Sources and Costs / Prices

· Potential Consumption of Natural Gas 

· Distances from Jamaica

· Re-gasification Infrastructure or Projects

· Geopolitical Issues

The potential markets will be hierarchically ordered by their importance, based upon the Analytic Hierarchy Process (AHP) methodology.
· Referential Sources

Some of the main information sources are published reports; however public information is validated with in-house data available from previous studies conducted by PROYNCA. A list of some of these sources is presented below:
· Natural Gas Supply to the Caribbean and Central America Areas / PETROCARIBE Studies, 2008-2009
· Characterization of the Countries in the Region / PETROCARIBE, 2008

· Questionnaire for Information Gathering answered by the Petroleum Corporation of Jamaica, related with a regional study sponsored by  Petrocaribe, March, 2008 
· Jamaica’s National Energy Policy 2009 – 2030 / The Ministry of Energy and Mining – October, 2009

· Statistics and indicators from CEPAL, OLADE and EIA

· Visualization and Conceptual Study of a Venezuela-Panamá Gas Pipeline, 2007
2.4 SOCIOECONOMIC ASPECTS

The following socio-economic parameters shall be taken into account for the evaluations to be conducted: 

· Social Parameters

The socio-economic parameters to be considered in this study are referred only to Jamaica, including the followings, but not limited to them:

· Country Population

· Employment and Unemployment Indexes

· Economic Parameters

· GIP

· Employment and unemployment indexes

· Main Economical Activities

· Energy needs

· The macroeconomic considerations will be focused only in Jamaica. The study will roughly visualize the benefits to the economy of Jamaica
2.5 ENVIRONMENTAL ASPECTS

As premises of the study from the environmental point of view, the following aspects will be considered:

· Potential environmental restrictions for a hub project in Jamaica 

· Maritime navigation corridors in Jamaica

· Legal Framework

2.6 TECHNOLOGICAL OPTIONS 

This study shall consider the following technological options:

· Ship-carried Compressed Natural Gas (CNG) 

· Gas pipelines (NGP)

· Liquefied Natural Gas (LNG) transported in LNG carriers
· Two LNG regasification options shall be evaluated:

· Conventional Onshore Regasification Plant
· Floating Storage and Regasification Units (FSRU)
· Possible combinations of LNG and CNG options 

2.7   INFRASTRUCTURE AND INVESTMENT REQUIREMENTS

· Infrastructure
The infrastructure for the Hub in Jamaica, either LNG or CNG facility, shall be similar to the conventionally proposed in similar projects described for other similar projects.
The infrastructure of potential LNG /CNG receiving parties will not be considered as part of the infrastructure investment. 

· Transportation of LNG and CNG
The transportation of LNG or CNG shall be based upon conventional LNG carriers or in the case of CNG, the recent proposed CNG carriers in some international projects.

Re-gasification facilities in the international potential markets for Jamaica will not be considered as an infrastructure part of this project
· Investments

The investments costs will be based on a preliminary cost estimate and it will consider published average costs related to the processes involved in this study.
· Economics

The LNG or CNG cost associated to exports from Jamaica to the potential target markets will be compared with the costs of other fuels in those markets.  
3 TECHNOLOGICAL OPTIONS 

For a LNG or CNG hub project assessment, the technologies encompassed in the LNG value chain and the CNG chain shall be considered, also gas pipelines related technologies should be part of the options to be evaluated. It is also technically possible the combination of LNG and CNG technologies for implementing a Hub in Jamaica, nevertheless the feasibility of that particular combination become complex.

A description of these technologies is presented as follows:   
3.1 LNG OPTION

A LNG Hub will be supported by the following technologies embraced by the LNG value chain. 
· LNG-shipping

· LNG receiving facilities: unloading, Storage and Regasification Facilities

· LNG Trans-shipping Facilities (from LNG storage to LNG-carriers)

· Gas Pipelines (to end users in Jamaica).

Upstream natural gas production, treatment and liquefaction facilities are excluded in this case.

LNG Chain

The “LNG chain” illustrated in the figure shown below, consists of several segments, from the upstream gas reservoirs, midstream liquefaction plants and tankers ships, to the downstream receiving terminals, where the LNG is unloaded, stored, regasified or vaporized and the gaseous product sent to gas distribution systems for supplying end users.
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Figure 1. - LNG Value Chain
Gas converted to LNG can be transported by ship over long distances where pipelines are neither economic nor feasible. At the receiving location, liquid methane is offloaded from the ship and heated, allowing its physical phase to return from liquid to gas. This gas is then transported to gas consumers by pipeline in the same manner as natural gas produced from a local gas field. 

· Liquefaction Plants

LNG is produced by cooling natural containing more than 90 volume % of methane to –161.5°C (–260°F) in a liquefaction plant  where the gaseous phase is converted into an easily transportable liquid whose volume is approximately 600 times less than the equivalent volume of methane gas. Thus 600 ft3 of methane gas will shrink to a volume of around 1 ft3 of clear and odorless LNG. It is usually stored and moved at cold temperatures and at low pressure. The construction of a liquefaction plant usually includes LNG storage and loading facilities, however, though each plant is unique in design and size, they share many common features. The diagram below shows the layout of a typical LNG liquefaction and loading facility.
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Figure 2 - Typical LNG Liquefaction and Loading Facility
· Marine Transportation

LNG is usually transported to the gas consumer by specially designed refrigerated ships. The ships operate at atmospheric pressure (unlike LPG carriers, which operate at much higher pressures), transporting the LNG in individual insulated tanks. Insulation around the tanks maintains the temperature of the liquid cargo, keeping the boil-off (conversion back to gas) to a minimum.

· Receiving Terminals / Regasification Facilities

On destiny, the LNG-carriers unload the LNG through a receiving terminal which integrates berthing, unloading, storage and regasification facilities. 

The functions of a LNG receiving terminal are basically the followings: offloading of the LNG (ship to shore interface), cryogenic storage, pumping, vaporization, vapor handling, heat integration and gas metering and send-out. Due to stricter environmental and safety requirements and permitting processes, the development of offshore receiving facilities have been accelerated.

Both types of LNG receiving facilities have their own advantages and disadvantages and their use will be highly dependent on environmental and economical factors. A short description of the referred types of facilities is presented as follows: 

Conventional Onshore LNG Receiving Terminal / Regasification Plant

The “Receiving Terminals / Regasification Facilities” illustrated in the figure shown below
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Figure 3 - Receiving Terminals / Regasification Facilities
The main components of a regasification facility are the offloading berths and dock facilities, LNG storage tanks, vaporizers to convert the LNG into gaseous phase, and pipeline link to the local gas grid

In conventional onshore-based regas facilities, offloaded LNG is stored in large tanks, either above ground or semi-buried, until gas is required by consumers. Semi-buried tanks, which can be spaced closely together, are most common in Japan, where land is scarce. 

Offshore LNG Receiving Facilities 

Driven by environmental and regulatory issues, new and emerging offshore technologies have been developed and some of them already implemented. Also the expansion of natural gas demands in many countries has created the necessity of increasing the number of LNG receiving terminals located offshore .These referred technologies may be classified as follows:

· Floating Storage and Regasification Units (FSRU)

· Offshore Gravity Based Structures (GBS)

· Regasification Vessels

· Platform Based Import Terminals

Particular importance for Jamaica may have the LNG Floating Storage and Regasification Unit (FSRU) which attracts attentions not only for a land based LNG receiving terminal alternative, but also for a feasible and economic solution. 
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Figure 4 - Floating Storage and Regasification Units (FSRU)
Nowadays, as the reliability of offshore oil and gas floating facilities and LNG carriers gains with proven worldwide operations, the FSRU can achieve a safety level that can be comparable to an onshore terminal. The design development of FSRU´s considering sophisticated safety features has been carried out by some companies and successfully implemented in several projects sponsored by important oil and gas companies.

3.2 CNG OPTION

A CNG Hub will rely upon the following technologies embraced by the CNG value chain:
· CNG-Ship Transportation

· CNG Receiving Facilities

· CNG Storage and Pressure Regulation Facilities

· Gas Pipelines (for end users in Jamaica)
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Figure 5 - CNG Value Chain
Upstream natural gas production, treatment and CNG-delivery facilities at gas sources are excluded.

As an alternative to LNG technology, CNG offers economically viable and competitive methods of rapidly monetizing natural gas in short-haul trades or certain geographic locations. 

Relatively long distances between the gas sources and markets or difficulties associated with accessing remote, deepwater offshore fields may make pipelines prohibitively expensive for otherwise promising gas projects. Since many gas-producing fields lack suitable infrastructure for liquefying natural gas, and because terminal regasification facilities may be limited, transportation of this “stranded” gas in compressed rather than liquid form offers cost and operational benefits. 

Gas can be loaded directly onto gas carriers from offshore production facilities, increasing safety and decreasing security concerns. It can be compressed and contained onboard, eliminating the need for costly liquefaction and re-gasification processing. CNG carriers also can discharge gas directly into terminal facilities located offshore, further minimizing potential impact to population centers and areas of high environmental sensitivity.

First applied to short hauls of small gas volumes, these developing concepts now promise a new generation of CNG solutions. Recent technologies include:

· TransCanada proposal for a gas transport module (GTM), based upon the company’s composite reinforced pipeline (CPLP). The concept initially concentrates on developing smaller vessels and barges for river application. 

· An alternative to conventional pressure systems is the Sea NG´s “Coselle” technology which is a containment system with small diameter pipe in coiled cylinders that are suitable for sea transportation of natural gas at high pressure (CNG). 

· Trans Ocean Gas proposes a unique method of CNG transportation utilizing composite pressure vessels in the hold of a ship. The fiber-reinforced plastic (FRP) pressure vessel gas containment system has applications in the national defense, aerospace and natural gas vehicle industries. 

· Further along in commercial application is the VOTRANS (Volume Optimized Transport Storage) concept of EnerSea Transport, Hyundai Heavy Industries and Kawasaki Kisen Kiasha, which employs 2,400 modular bottles, racked vertically about six inches apart, each 42 inches in diameter.

The ability to load and unload marine Compressed Natural Gas (CNG) safely and efficiently operation is a key to the marine CNG value chain. The transfer of high pressure natural gas presents significant technical challenges such as frequent connects and disconnects, the requirement to transfer higher volumes of high pressure natural gas, and the requirement to transfer natural gas that is at pressures ranging up to 3,200 psig or 220 bar). These parameters are outside of the boundaries currently used for natural gas transmission (pipelines, for example).

Marine CNG implies that transfer systems will bring natural gas from the supply source to market by marine vessel. The supply sources could be onshore or offshore. An onshore supply source would include marine terminals and inshore subsea pipelines, while an offshore supply source would likely be oil and gas production facilities. The potential delivery locations could be offshore/near shore unloading systems to subsea pipeline or an onshore marine terminal or pipeline. 

The transfer systems were selected based on the maturity of the design, existing (or modified) solutions highly applicable to marine CNG, as well as solutions that we believe require warrant further research to fill a void in the value chain. The five fluid transfer systems are:

· Submerged Turret Loading System (STL) 

· Tower Mooring System 

· Blueflex Buoy System   

· Single Anchor Loading System (SAL) 

· Flexible Hoses System. 

The analysis should consider that the right transfer system for a project depends upon the application, weather conditions at the loading/unloading location and the facilities required for compression, gas drying, heating, and so on. 

There is potential for transfer systems to evolve to better meet the requirements of marine CNG: specifically, the Flexible Hose systems. All the transfer systems discussed in this report could be optimized to meet the physical conditions, gas volumes, and vessel selection needs of marine CNG. In particular, attention needs to be paid to ensuring both large and small vessels can be accommodated. 

The potentially effective technical solutions needed by a specific project must reflect the experience, competence, and competitive nature of the marine system supply market

3.3 GAS PIPELINES (NGP)

[image: image1.emf]Gas pipelines have been the traditional way for transporting natural even for long distances between the production field and the users; however this option is not currently feasible in the case of Jamaica, basically due to the following issues:

For supplying natural gas to Jamaica through a pipeline, the potential supplier would be Venezuela due to the natural gas resources that might be available; however a 2,000 Km. long subsea pipeline would be required, with very large investment and construction risks. Consequently the pipelines option shall be considered in this study only for transporting natural gas between LNG or CNG delivery points at Jamaica and the main end users. 
4 CHALLENGES ASSOCIATED TO THE HUB OPERATION

The option of developing a hub in Jamaica with enough LNG or CNG import and export receiving and regasification capacity raises challenges but also opportunities.
The challenges associated to the construction and operation activities of a LNG or a CNG Hub in Jamaica, among others aspects can be related to:

· Social and natural environment issues related to Hub site location and operation 

· Technology implementation and facilities construction
· Required investments and funding

· Reliability of LNG Supply
· Ensure LNG or CNG Target Market

4.1 SOCIAL AND NATURAL ENVIRONMENT ISSUES

“Impact” can be understood as an alteration that may be positive, neutral, or negative depending on whether the change that it produces is considered beneficial, of no importance or detrimental to the social and natural environment. 

An appropriate environmental impact assessment requires baseline studies that describe the local conditions prior to construction of the infrastructure and an accurate knowledge of the extension and characteristics of the infrastructure planned. However for this study a general description of the environmental and social issues will be discussed. 
· General Environmental Site Requirements

One of the main aspects of a Hub project in Jamaica would be the selection of the most convenient site, either onshore or offshore or combination o them, for the required facility that must be mostly supported by a social and environmental evaluation which will comprises physical-naturals, biological and social-cultural variables. 
The most relevant aspects of the environmental and social aspects evaluation are summarized as follows:

· Availability of information on physical and natural characteristics of the marine and coastal areas nearby the probable facilities sites. The information required includes:

· Geo-morphologic Characteristics

· Geo-technical Characteristics

· Natural Risks Analysis

· Fragile Ecosystems

· Population Settling Pattern

· Soil Usage

· Predominant Economic Activities

· Validate information on the available areas and their legal and cadastre situation.

· Undertake the necessary studies aimed at obtaining the environmental permit and develop an activities schedule. 

· Integrate an environmental work team to define aspects such as:

· Identify available area for probable sites and their conditions

· Conduct an Environmental Impact Assessment (EIA) before designing and developing LNG or CNG Hub, including environmental impact mitigation measures / actions.

· Establishing synergy with other planned or ongoing projects 

On the basis of the gas supply technological options and the environment characteristics in Jamaica, a general evaluation methodology is illustrated in Figure 6. 
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Figure 6 - Site Environmental Evaluation
In general the Site Location Challenges can be summarized as follows:

· Near to the coast – dredging/reclaim
· Environmentally sensitive

· Ecological requirements – heating seawater

· Different locations requirements for dredging disposal

· Layout requirements (land required)

· Gas transmission infrastructure (delivery, or receiving)

· LNG storage -above or below ground, floating
·  Socio-economic aspects
· Labor

Another challenge of the hub project is the availability of skilled labor force, especially for the construction phase, which will require a large number (hundreds to few thousands) with a wide variety of education background and skills, from very basic to more complex. 

The labor force is reduced for the operation phase to a few hundred employees; however trained people in the construction phase may find opportunities in other construction projects that probably would be derived from the hub project. Training the required people is one the challenge but also is an opportunity for a relative large number of people in Jamaica.

· Contractors

The project also requires the promotion and creation of new local construction and services contractor companies and strengthening the existing ones. The new contractors might also find opportunities for providing their services in other infrastructure development projects.

· Construction of Public Infrastructure 

In parallel to the LNG/CNG facilities, infrastructure that supports the facility should be developed, such as upgrading the roads to the nearest large towns (making it possible for staff to live there and for local supplies to be transported efficiently) and improving air transport, communications, water and electricity for the plant, the workers, and, most importantly, people who live in the region as a social development contribution.
· Construction of Gas Transmission Pipelines 

Even though is a less challenging issue from the technological point of view, it shall be necessary the construction of a gas transmission system for gas supply to the main end users, which will require relative large investment.
· Safety 
Safety is another aspect that has being highly considered in any LNG project and the safety and security standards and procedures adopted by the industry have allowed safe LNG transportation and handling operations worldwide for more than 40 years. Hazards linked to LNG projects are mostly related to its physical and chemical characteristics and properties.
The safety in the LNG value chain relies upon four requirements: primary containment, secondary containment, safeguards systems and separation distance. The term “containment” in this document means safe storage and isolation of LNG. Those requirements are described as follows:
· Primary Containment: 
The most important safety requirement for a LNG project is to contain LNG. This is accomplished by employing suitable materials for storage tanks and other equipment, and by appropriate engineering design.

· Secondary Containment: 
   This second layer of protection ensures that if leaks or spills occur, the LNG can be contained and isolated. For onshore installations dikes and berms surround liquid storage tanks to capture the product in case of a spill.
· Safeguard Systems:
    In the third layer of protection, the goal is to minimize the release of LNG and mitigate the effects of a release.
· Separation Distance:

Regulations have always required that LNG facilities be sited at a safe distance from adjacent industrial, communities and other public areas. Also, safety zones are established around LNG ships while underway like and while moored. The safe distances or exclusion zones are based on LNG vapor dispersion data, and thermal radiation contours and other considerations as specified in regulations.

A hub construction in Jamaica must fulfill the above described requirements to mitigate the consequences of any unsafe condition as a LNG release or spill.

One remarkable aspect is the distance to be considered from the LNG hub, specially the LNG tank required for export market, to populated areas as it might be the Kingston Port case.  

4.2 TECHNOLOGY IMPLEMENTATION AND FACILITIES CONSTRUCTION 
The implementation of required technologies and the construction of the hub facilities implies an important challenge taking into account that LNG regasification and storage facilities. Even though conventional technologies are applied, this kind of hub should be considered as a major project, which requires large investments and fulfill a complex schedule. Any delay in the construction schedule may negatively affect the project financial projections. 

In the case of a CNG Hub, uncertainties arise from the lack of commercial experience with the marine transportation technology of this product. Also, CNG ships shall meet rigorous design and construction permits.
4.3 INVESTMENT AND FUNDING

Investments related to a LNG or CNG hub project are mainly related to the required infrastructure and depending on the option the capital cost might vary between 100-150 MMUS$ for a CNG Hub or 400-800 MMUS$ for a LNG HUB. However, in the CNG case, the operating cost could amount 50 MMUS$/year, and the OPEX for a LNG Hub can be estimated in 25 to 37 MMUS$/year.

In both cases, the referred figures signify important levels of investments that will demand access to major capital investors and funding either on an equity basis or through loans that Jamaica should seek from multilateral development banks or other financial entities.

Successful project financing requires a well-constructed project concept with robust and stable commercial arrangements, which can ensure the repayment of large amount of investments financing over many years in a potentially volatile energy price environment.

The option of own funding by Jamaica Government looks complicated basically because the national economy faces serious long-term problems: a sizable merchandise trade deficit, large-scale unemployment and underemployment, and a debt-to-GDP ratio of almost 130%. One way could be through the International Monetary Fund or other multilateral, if previous compromises of Jamaica with these potential sources of financing do not impede additional funding for the hub project.

4.4 RELIABILITY OF LNG / CNG SUPPLY

As mentioned before, a LNG or CNG Hub will have a value chain that integrates the LNG supply, the Hub facilities and processes involved and downstream buyers or simply buyers. 

The LNG or CNG supply must be highly reliable and secure tied to long- term contracts with producers located in countries politically stable and with clear legal framework that offers legal protection to the project and potential investors.
LNG can be supplied from several sources but CNG is tied to one supplier which favors the reliability of LNG supply to Jamaica as compared with the CNG supply. 

On the other hand, as either the LNG or the CNG deliveries from carriers to shore might be affected by hurricanes as these meteorological phenomena could eventually cause the interruptions of LNG or CNG supply to the customers in the island. Due to this potential weakness perhaps a vulnerability assessment of a energy supply system in Jamaica that would mainly rely upon imported natural gas in the form of LNG or CNG, should be undertaken, to determine what should be the most convenient contribution of the natural gas to the energy mix in Jamaica from the system vulnerability point of view. 
4.5 ENSURING THE TARGET MARKETS 
As any LNG or CNG / NG supply project, a hub in Jamaica shall be economically justified and consequently a market for a determined volume of natural gas exported from Jamaica as LNG or CNG should be reasonably guaranteed. This implies detailed market investigation and early negotiations efforts.   
In summary a LNG or CNG Hub in Jamaica might several challenges, being the most important those listed in the following table:
  Table 1 - Summary a LNG or CNG Hub in Jamaica Might Several Challenges
	Challenges
	FACTORS
	IMPLICATIONS

	Environmental Issues


	· Land requirements
· Suitable Sites and Potential Environmental Impacts 
	· Environmental  Assessments and Permits
· Land availability

	Socio-Economic Issues
	· Skilled Labor  Availability
· Public Infrastructure Development or Improvement (roads, electricity, housing, etc.)

· Gas Pipelines Construction
	· Training programs
· Infrastructure projects

· Gas Pipelines projects

	Implementation of Technology and Construction of Facilities
	· LNG Facilities based upon mature technology but complex construction.

· CNG facilities based upon commercially unproven technologies
	· Large investments and complex schedule
· Uncertainties and offshore strict offshore construction permits

	Investment and Funding
	· Large Investment: 100-150 MMUS$ (GNC) and 500-800 MMUS$ (LNG)

	· Project financing shall be tied to stable commercial arrangements

	Reliability of LNG/CNG Supply
	· Reliable LNG Supplies 

· CNG technology reliability and reliability of supplies 
	· Long term commercial agreements with more than one LNG supplier.

· Commercial agreement with CNG technology sponsors and suppliers 
· Long term agreement with reliable supplier
· Project feasibility

	Ensuring the target markets
	· Market studies and early negotiations
	· Project feasibility

· Hub dimensions and associated investment


Among the potential markets the LNG receiving / regasification terminals located at the Gulf Coast and the Eastern Coast of USA were considered as highly important components. However, one of the risks that can be envisaged with respect the USA LNG market is a decrease in the tendency of the LNG and natural gas imports due to the expected development of the huge natural gas recoverable reserves in the Marcellus shale (Appalachian Basin) which have been currently estimated at 500 TCF (1012 CF) with a projected production of 7 billion cubic feet in 2015.    

5 ANALYSIS OF HUB OPERATIONS REQUIREMENTS

The project for installing a LNG or a CNG hub in Jamaica for supplying natural gas to the domestic market and commercialize an additional volume in the export markets of the region will have several requirements, including the followings as most important:

· Natural Gas Market and LNG Suppliers

· Infrastructure requirements 

· Economical requirements

· Socioeconomic requirements

· Environmental and safety requirements 

· Legal / Commercial requirements 

5.1 MARKET AND SUPPLIERS
The natural gas market and LNG / CNG supply are two of the most important requirements. The market has to do with the size of the potential natural gas demand, which, in this study, is that basically related to power generation plants in both, Jamaica internal market and the export markets. In the case of Jamaica, the Bauxite/Alumina plants are also considered as important potential consumers.
This section present an analysis of the potential market for a LNG or CNG hub in Jamaica, supported by long term projections for natural gas potential demand in Jamaica and in the regional markets. 
The potential LNG or CNG suppliers are also evaluated, under the premise that that these commodities should be evaluated as primary elements that would allow that Jamaica might become a gas wholesaler within the region, taking in consideration the proximity of potential gas markets as a key factor because maritime transportation costs have a strong impact on the project economics, although the technology has improved in recent years.
Additionally, this section presents a general evaluation of potential suppliers of LNG or CNG for a Jamaica hub.
5.1.1 Brief of Jamaica’s National Energy Policy 2009 - 2030 
Jamaican energy market is characterized by the fact that 95% of the energy requirements are mainly fulfilled with oil imports from Venezuela, Mexico and Trinidad & Tobago, which has meant an almost completely dependent energy supply on petroleum imports with its market risks and volatility. The remaining 5% is related to hydro power and wind generation, as is shown in the following graphic.
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Figure 7 – Jamaica’s Energy Supply Mix, 2008
The petroleum consumption of Jamaica is concentrated basically in three sectors that accounted for the largest energy market share with almost 75% of the total oil consumption. In 2008, Bauxite / Alumina Processing represented 30%, about 9.4 million barrels oil equivalent (MMBOE), Electricity Generation 23% (6.3 MMBOE) and Transportation with 21% (5.8 MMBOE). The Shipping, Aviation, Cooking & Lighting sectors, amongst others, represented in 2008 a share of more than 25% (6.0 MMBOE) of the total oil consumption.
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Figure 8 – Petroleum Consumption by Activity, 2008
It is important to mention that due to the energy intensity of the bauxite / alumina processing industry, per capita energy consumption in Jamaica is high compared with other countries of the region.

The Jamaica’s National Energy Policy 2009 – 2030 was developed to achieve “A modern, efficient, diversified and environmentally sustainable energy sector providing affordable and accessible energy supplies with long term energy security and supported by informed public behavior on energy issues and appropriate policy, regulatory and institutional framework”, focusing on the following key areas:

· Security of energy supply through diversification of fuels

· Development of renewable energies (wind, solar, biofuels and hydro)

· Modernizing the infrastructure

· Energy conservation and efficiency

· Development of a comprehensive regulatory framework

· Enabling government departments and agencies to be leaders in terms of energy management

· Encourage eco-efficiency in industries

This energy policy establishes the moving of an almost total dependence on petroleum to increase the contribution of other sources, hydrocarbons including Natural Gas, nuclear, and renewable energies.

It is important to mention for the objective of this study that Natural Gas would be the fuel of choice for generation of electricity and the production of alumina, in the short to the medium term.

In addition, once Natural Gas is introduced into the Jamaica’s energy supply mix, the transport fleets, where applicable, will be converted to Compressed Natural Gas (CNG) and in the long term a CNG supply network must be developed to enable private motorists to convert to Natural Gas based motor vehicles.

The energy diversification and specifically Natural Gas introduction to the Jamaica’s energy mix will require an appropriate regulatory framework that establishes transparent market rules.

The full realization of the challenges that this new energy policy raises, will cause a total change in the energy supply matrix of Jamaica, as it could be seen in the following graphic
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Figure 9– Energy Supply Matrix, 2008 - 2030
The projection shows that Natural Gas could take the largest energy market share with a participation of 42% by year 2030, due to its introduction for Electric Power Generation, Bauxite / Alumina Production and Transportation sectors.

5.1.2 Jamaica’s Natural Gas Consumption Forecast 2015 - 2030
In this section it is presented the projections for Natural Gas Consumption in Jamaica by year 2030, considering the information bases and premises shown below.

Taking into account, as guidance, the Jamaica’s National Energy Policy 2009 – 2030, the consultant emits its own forecast, which considers the energy policy main alignments, but at the same time, includes its vision and expertise in this kind of studies.
Particular Premises

· Natural Gas for Electricity Generation Forecast

· Current oil consumption for power generation: 6.3 MMBOE

· Conversion of 70% of Liquid Hydrocarbons for power generation to Natural Gas by year 2015

· Annual growth of 4% from year 2015 to 2030

· Natural Gas for Bauxite / Alumina Processing Forecast

· Current oil consumption for Bauxite / Alumina processing: 9.4 MMBOE

· Conversion of 50% of Liquid Hydrocarbons for Bauxite / Alumina Processing to Natural Gas by year 2015

· Annual growth of 4% from year 2015 to 2030

· Natural Gas for Transportation Forecast

· Current oil consumption for transportation: 5.8 MMBOE

· It is assumed that 66% (2/3) of the current oil consumption for vehicles are potentially convertible to natural gas and 25 % of them will be converted gradually in the same proportion of the natural gas supply network. 

· Progressive development of Natural Gas Network coverage to reach 60% by year 2030

Jamaica’s Natural Gas Demand Projections to 2030

The forecast shows that natural gas consumption by year 2030 could reach 280 MMSCFD (million standard cubic foot per day), where electricity generation and bauxite / alumina processing take a market share of 48.3 % each one. Transportation sector represents 3.5 % of the year 2030 total consumption with almost 10 MMSCFD.

[image: image11.emf]2015 2020 2030

Electricity Bauxite / Alumina  Transportation

JAMAICA 2015 2020 2030

Electricity 75,0 91,2 135,1

Bauxite / Alumina 75,0 91,2 135,1

Transportation 0,0 1,6 9,7

TOTAL 150,0 184,0 279,9

Natural Gas Requirements by Sectors –MM SCFD

JAMAICA

150

184

280


Figure 10 – Natural Gas Requirements by Sectors – MMSCFD / Jamaica
These projections are based on the conversion of the final consumer’s equipments, gas pipelines construction, development of natural gas for vehicles distribution network and the installation of facilities for importing Liquefied Natural Gas (LNG) or Compressed Natural Gas (CNG), all representing a major challenge in achieving the energy supply diversification of Jamaica. 
5.1.3 Potential Jamaica’s Natural Gas Export Markets 
The potential Jamaica’s natural gas export markets by country have been classified regionally: Central America, Major Antilles, Minor Antilles and North America. All the countries under this study already have seaports; have a project or have the natural conditions to have seaports to the Caribbean.

In this section the results of the investigation are presented showing the potential consumption of natural gas for each country.

It is important to mention the fact that the driving force for natural gas introduction is given for the power generation sector, in almost all the cases, unless those countries with another strong sector, in addition to the electricity sector, that concentrates an important energy consumption; for instance, that is the case of the Bauxite / Alumina Processing in Jamaica.
· Central America - Potential Natural Gas Consumption to 2030

The estimated consumption for the region is 473 MMSCFD, 300 MMSCFD for power generation and 173 MMSCFD for industrial activities.

As it was mentioned, the electricity sector is the key factor for natural gas introduction, basically because it concentrates in few installations a large consumption (63% of the total).

Panama

Panama represents a potential natural gas market of more than 100 MMSCFD for electricity and industrial sectors.

The energy market in Panama is directed by power generation. Currently, Panama counts with more than 550 megawatts (MW) of installed capacity and it is supposed to have more than 1,762 MW by year 2030, increasing the capacity by the installation of combine cycles of generation for about of 1,200 MW.

Considering that 70% of the installed capacity could consume natural gas and the estimations for the startup year of new plants, the potential consumption of Panama achieve 84 MMSCFD by year 2030, as can be seen in the following graphic.
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Figure 11 – Natural Gas Requirements by Sectors – MMSCFD / Panama
The power generation sector would represent 82% of the total natural gas consumption. However, the industrial development of the country in recent years and its growth projections, make take into account the potentiality of industrial consumption once natural gas is introduced to electricity generation, taking an estimated market share of 18% (18 MMSCFD) by year 2030.

Nicaragua

The electricity sector in Nicaragua has a projected generation installed capacity of more than 1,200 MW, of which 800 MW are combined cycles. Considering 70% of conversion to natural gas for units of combine cycles and 30% for the remaining generation capacity along of the studied period, the consumption arise to 44 MMSCFD by year 2030, 65% of the total. The graphic below shows the potential consumption profile, which includes the industrial sector.
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Figure 12 – Natural Gas Requirements by Sectors – MMSCFD / Nicaragua
Nicaragua’s industrial sector is concentrated in food, textiles and chemical and plastic industries. As it was presented before, industries could consume natural gas once this is introduced for power generation purposes.

In this case, industrial sector could represent 35% of the total potential consumption, about 24 MMSCFD.

Honduras

The estimated natural gas consumption profile of Honduras is presented in the following graphic, which indicates a potentiality of 113 MMSCFD, 81 MMSCFD for power generation and 32 MMSCFD for the industrial sector.
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Figure 13 - Natural Gas Requirements by Sectors – MMSCFD / Honduras
Honduras’s electric generation facilities are about 700 MW and it is estimated a growth with 1,500 MW of combined cycles to achieve 2,200 MW of installed capacity. 

Regarding to the industrial sector, the most important segments are food, textiles and crafts, representing more than 66% of the gross domestic product.

Guatemala

Guatemala has the largest potential consumption with almost 180 MMSCFD, with very strong food and textile industries which represents 66% of the gross domestic product.

The electricity generation sector has about 1,000 MW of generation capacity and it is projected to install additional 1,400 MW.
In this particular case, the industrial sector represents 54%, and power generation 46% of the total by year 2030, as it is shown in the figure 14.  
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Figure 14. - Natural Gas Requirements by Sectors – MMSCFD / Guatemala
Belize

Belize has the smallest energy market of Central America, with a large commercial sector based on hotels and tourism activities. The total consumption by year 2030 would be about 12 MMSCFD, almost 50% for power generation and 50% for the commercial sector.

In this case, it is important to note that the natural gas introduction to the commercial sector will require more efforts in the construction of the distribution network. 
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Figure 15 - Natural Gas Requirements by Sectors – MMSCFD / Belize
· Major Antilles - Potential Natural Gas Consumption to 2030

The estimated consumption for the region is 1082 MMSCFD, which includes 977 MMSCFD (90%) for power generation and 145 MMSCFD (10 %) for industrial activities. The total demand embraces the estimated natural gas requirements of Puerto Rico, Cuba, Dominican Republic and Haiti. 
Puerto Rico
According with the Puerto Rico Electric Power Authority (PREPA), Puerto Rico might cut dependence on imported oil-fired generation to 2% from the current 70%, natural gas-powered generation will be 96% of the total generation of the country. In that sense, a natural gas pipeline should be installed to allow the supply of several north coast plants that might be converted to natural gas as a fuel.
The natural gas consumption and LNG imports for Puerto Rico is shown in the following figure:
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Figure 16 - Natural Gas Consumption / Imports - MMSCFD / Puerto Rico
Nowadays, Puerto Rico is consuming about 77 MMSCFD of natural gas; in 2012 the consumption is expected to rise to 83 MMSCFD by increasing the power generation in Peñuelas Plant by 96% of its current capacity. For 2015 the consumption will reach 415 MMSCFD by the conversion plan established by PREPA.
Cuba

The representative of Cuba from CUPET, the country’s oil industry, answered the questionnaire with the profile shown in the graphic below.
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Figure 17 - Natural Gas Requirements by Sectors – MMSCFD / Cuba
The most important consumption is concentrated in the power generation sector, with more than 200 MMSCFD (72 % of market share). On the other hand, the refining and petrochemical sectors have projects that will consume about 80 MMSCFD (28 % of market share).

The projected demand of Cuba is considered firm with low uncertainty levels and it will amount more than 285 MMSCFD, almost the total estimated consumption for the electricity sector of Central America.

Additionally, the three sectors are managed by the government, fact that can facilitate negotiations and projects oriented to the introduction of natural gas for these purposes.

It is important to note that Cuba currently consumes about 100 MMSCFD for power generation from its own production.
Dominican Republic

The Dominican Republic already counts with re-gasification facilities and natural gas supply from Trinidad & Tobago, about 30 MMPCSD.

The information gathered through the questionnaire answered by the representative of Dominican Republic is shown in the following graphic. 
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Figure 18 - Natural Gas Requirements by Sectors – MMSCFD / Dominican Republic
In addition to the current natural gas supply, the projections indicate a very large concentration in the electricity generation sector with more than 93% of market share (120 MMSCFD).

Although the industrial sector represents almost 9 MMSCFD (7% market share), it seems that efforts should be dedicated to the power sector.
Haiti

The projection of the potential natural gas consumption in Haiti indicates that this country has the lowest energy utilization per capita in the region. Figure 19 shows that 70% of the total potentiality is in the industrial sector, basically for tropical fruits processing, where currently it is been used wood, as the main energy supply.

Electricity generation would reach almost 7 MMSCFD by year 2030, which it can be considered a very low prospect.

Other sectors such as the industrial sector (tropical fruits processing), takes more than 15 MMSCFD distributed across the country. The conversion of these industrial facilities to the natural gas consumption will represent a major challenge. 
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Figure 19 - Natural Gas Requirements by Sectors – MMSCFD / Haiti
· Minor Antilles - Potential Natural Gas Consumption to 2030

The potential gas demand was related to the power generation sector of these islands of the Caribbean, because this sector represents the major opportunity to natural gas entrance, due to the fact that the other economic sector is tourism, which would required a strong development of distribution networks, making economically impossible the supply of natural gas for this activity in the long term.

The estimated consumption for the region is about 38 MMSCFD, which includes the natural gas demand of Grenada, Barbados, Antigua, Saint Lucia, Saint Vincent & Grenadines and Saint Kitts and Nives.

Barbados seems to be the largest energy market of this region with a per capita power intensity of 3,179 kWh.

Additionally, Barbados produces and consumes more than 3 MMSCFD of natural gas in electricity generation, oil production, industrial, commercial and residential sectors.

The potential natural gas demand for these potential customers is depicted in Figure 20.
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Figure 20 - Natural Gas Requirements by Sectors – MMSCFD / Minor Antilles
· North America - Potential Natural Gas Consumption to 2030

In this study, the North America region comprises United States of America, Mexico and the Bahamas.

The Bahamas

The Bahamas have very high per capita electricity consumption, about of 5,500 kWh, using liquid hydrocarbons fuels. Considering a conversion to natural gas of 50 % of the electricity generation units, current and projected, the electricity sector demand would reach 18 MMSCFD by year 2030 (53% market share).
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Figure 21 - Natural Gas Requirements by Sectors – MMSCFD                The Bahamas
The economy of The Bahamas is based on the tourism and commercial activities, which might have a potential demand estimated in 16 MMSCFD (47% market share); however, the natural gas utilization would need equipments conversion and the development of gas distribution networks. 

United States of America

Figure 22 shows the long term natural gas demand forecast of the United States of America, extracted from the Energy Information Administration (EIA).

[image: image23.emf]USA  2015 2020 2030

Residential 4.711 4.894 4.910

Commercial 3.228 3.450 3.498

Industrial 

(1)

6.884 6.941 6.863

Electric Power 

(2)

5.185 6.282 6.695

Transportation 

(3)

52 113 128

Pipeline Fuel 597 698 707

TOTAL

21.736 23.571 24.017

2015 2020 2030

Natural Gas Requirements by Sectors –MM SCFD

USA

Residential Commercial Industrial 

(1)

Pipeline Fuel

(4)

Electric Power 

(2)

Transportation

(3)

(1)Includes energy for combined heat and power plants, except thosewhose primary

businessistosellelectricity,orelectricityandheat,tothepublic

(2)Includes consumption of energy by electricity-only and combined heat and power

plantswhoseprimarybusinessistosell

(3)Compressednaturalgasusedasvehiclefuel

(4)Representsnaturalgasusedinwell,field,andleaseoperations,andinnaturalgas

processingplantmachinery


Figure 22 - Natural Gas Requirements by Sectors – MMSCFD / USA
As it is illustrated in figure 22, USA is a huge natural gas market that allows the entrance of LNG volumes from the different regions of the world and it is expected to maintain its growth rate.

According with the figures of the EIA, USA currently is exporting about 100 MMSCFD (equivalent) of LNG to Japan and Spain, however, US is importing 1,250 MMSCFD of LNG from Trinidad & Tobago, Egypt, Qatar, Yemen, Nigeria and Norway. 

The LNG net imports are expected to evolve in the long term as it is presented in the graphic below.

[image: image24.emf]1.088

1.505

894

2015 2020 2030

Natural Gas Net Imports–MM SCFD

USA


Figure 23 - Natural Gas Imports – MMSCFD / USA
These imported volumes could be supplied by the traditional sellers. However, the spot market and peak shaving situations seem to be good opportunities to export natural gas from Jamaica. Obviously, further studies should be developed for a better definition of such opportunities.
Mexico
As it was mentioned, Mexico has a very complex energy market, in which the natural gas requirements are expected to increase 4% annually to reach 12,600 MMSCFD on 2030.
The Mexico’s natural gas demand is defined by several end users from different sectors: power generation, oil production, petrochemical, steel, general industrial manufacturing, commercial, residential and transportation among other sectors. 
Figure 24 illustrates a potential evolution of the total natural gas consumption of Mexico, extracted EIA and complemented with other information sources.
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Figure 24 – Mexico Natural Gas Total Consumption – MMSCFD 

The remarkable evolution of Mexico’s natural gas demand and its low production increments, results in a balance deficit between its domestic gas production and the expected gas demand, with the corresponding growth in the natural gas imports. The following figure shows that natural gas imports (by pipeline plus LNG) are expected to grow 9 % annually to reach more that 6,300 MMSCFD by 2030.
[image: image26.emf]1.644

2.986

6.329

2015 2020 2030

Natural Gas Imports –MM SCFD

MEXICO


Figure 25 - Natural Gas Imports – MMSCFD / México
The potential market in Mexico for a Jamaica’s hub is defined for the LNG imports trough the regasification facilities in Altamira, currently in use, in the Mexico’s Gulf Cost, which have a current capacity of 500 MMSCFD and an expansion project to reach 700 MMSCFD, as it is shown in Figure 26.
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Figure 26 - Mexico LNG Estimated Imports – MMSCFD  
5.1.4 Jamaica’s CNG Hub – Assessment of CNG Market
The assessment of CNG market for a Jamaica’s hub is based on the premises that CNG technology is applicable for consumptions lower than 500 MMSCFD and short distances, less than 600 NM.
In addition, the existence of LNG regasification facilities, existing or projected, in some of the markets considered in this study, may lead to discard the CNG option for those particular cases.
The analysis starts with the review of the potential demand in the countries of the region. As depicted in Figure 27, Mexico and Puerto Rico have natural gas requirements greater than 500 MMSCFD; in that sense, the scope for CNG opportunities includes the following: Cuba, USA (Cove Point, Elba Island, Everett and Lake Charles), Dominican Republic, Panama, Guatemala, Honduras Nicaragua, Minor Antilles, The Bahamas, Haiti and Belize. 
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Figure 27 – Potential Natural Gas Markets – MMSCFD 
The distance is a second parameter for evaluating CNG as an option for those markets located at places not far than 500 - 600 NM. Figure 28 illustrates the average distance from Jamaica (Kingston) to the main ports or LNG receiving terminal in countries located in the region. 
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Figure 28 – Distance from Jamaica to the Markets and Regasification Facilities – MMSCFD
From the above, it seems that the potential CNG markets for a Jamaica’s hub might be constrained to Panama, Dominican Republic, Cuba and Haiti.

It is important to mention the existence of a LNG regasification facility in Caucedo, Dominican Republic, which currently is supplying LNG for a power generation plant, besides that there are plans to expand the capacity to increase the LNG fueled generation. On the other hand, Cuba has plans to build a LNG regasification plant, also for electricity generation, with LNG supply mainly from Venezuela.

From the previous discussion, the CNG option does not appear to be the best one for Jamaica as natural gas wholesaler in the region; basically due to the fact that CNG technology is applicable for relative short distances.
5.1.5 Jamaica’s LNG Hub - Assessment of LNG Market 
It is widely known that the LNG option, as energy source for a market, is applicable for long distances and large natural gas demands (>70 MMSCFD).

Table 2 lists the potential markets under this study with their estimated demand and the distance from Jamaica in nautical miles (NM).

It should be noted that distance is not a restriction for LNG transportation because most of the potential international markets are located over 1,000 NM from Jamaica, with some exceptions like Haiti which is 290 NM far from Jamaica. Minor Antilles, Haiti, Belize and the Bahamas have potential gas demands below 70 MMSCFD each one, reason why they might be discarded as potential LNG markets.

There is an exception in the case of Nicaragua, with potential natural gas demand of 45 MMSCFD, but this country is part of a group of nations of Central America, which together reach almost 300 MMSCFD of potential demand. Obviously, Nicaragua could take advantage of the synergies with its neighbors.
Table 2 – Potential LNG Markets – Demand and Distance

	MARKETS 
	Volume

(MMSCFD) 
	Distance 

(NM) 

	
	2030 
	Jamaica Markets 

	USA Cove Point
	160
	1.404

	USA Everett
	70
	1.540

	USA Elba Island
	110
	1.060

	USA Lake Charles
	160
	1.253

	Mexico 
	700
	1.200

	Guatemala
	82
	732

	Honduras
	81
	619

	Nicaragua
	45
	580

	Panama 
	85
	555

	Cuba
	206
	390

	Dominican Rep. 
	120
	428

	Puerto Rico
	645
	597

	Minor Antilles 
	39
	( 900

	The Bahamas 
	18
	678

	Haiti 
	7
	290

	Belize 
	5
	679


Figure 29 shows the potential markets for a LNG Jamaica’s Hub, sorted by size in MMSCFD

[image: image30.emf]Belize 

Haiti 

The Bahamas 

Minor Antilles 

Nicaragua

USA Everett

Honduras

Guatemala

Panama

Usa Elba Island

Dominican Rep.

USA Lake Charles

USA Cove Point

Cuba

Puerto Rico

Mexico

5

7

18

39

45

70

81

82

85

110

120

160

160

206

645

700

Jamaica’s Potential Natural Gas Markets - MMSCFD

Potential LNG Market

withSynergy

Volume

> 70 MMSCFD

Long

Distance





X




Figure 29 – Jamaica’s Potential Natural Gas Markets – MMSCFD
This LNG Hub market assessment could then be focused on the following markets: USA (Cove Point, Everett, Elba Island and Lake Charles), Mexico, Central America (Guatemala, Honduras, Nicaragua y Panama) and Major Antilles (Cuba, Puerto Rico and Dominican Republic).
LNG Market Analytic Hierarchy Process

To establish a hierarchical order of attractiveness of the LNG markets options, the analytic hierarchy process (AHP) will be used.  This methodology allows a pair-wise comparison of the key evaluation parameters which will lead to establishing the relative importance of the selected parameters.
Evaluation parameters
The evaluation parameters to be considered are:

Market Size: 
It refers to the potential NG demand that would justify a continued long term supply of LNG volumes for the export market (long term contracts) considering only the power generation sector requirements. It has been considered that markets with volumes smaller than 120 MMSCFD strategically justify a third party LGN wholesaler.

Price Differential: 
It was defined as the difference between long-term projected prices of the fuels currently in use in each market, based on EIA statistics, and the estimated LNG cost for each market, using generic data from the market.

Regasificaction Facilities and Electricity Generation Conversion: 
Refers to the existence of LNG cargo receiving terminals and LNG regasification facilities or projects to develop such facilities in the short to medium term, as well plans to convert to Natural Gas current power generation facilities, the construction of new ones and the related pipelines
Spot Sales: 
This parameter has to do with the potentiality for a LNG market of receiving occasional volumes (not long term contracts), in order to cover peaks of demand or supply discontinuities, among other reasons.

Geopolitical Risks: 
It is related to those political aspects (domestic and international) that could interfere with the establishment of the LNG business.

Energy Policy: 
The existence of public policies that encourage the introduction of natural gas in the energy mix of a market is other parameter of relevant importance that should be taken into account. The construction of regasification facilities, install a new natural gas electric plant, the conversion of power generation facilities and the construction of gas transmission pipelines, require a national energy policy that engages all the stakeholders of the gas chain. 
Summary of the Markets Characterization

In order to define the relative importance of the markets it is fundamental to characterize them according to the evaluation parameters previously defined. Table 3 shows a summary of the characteristics for each potential market based on the evaluation parameter previously defined.
Table 3 – LNG Markets Characterization
	MARKETS 
	Volume

(MMSCFD) 
	Distance 

NM 
	Current Energy
	LNG

Average

Price

($/MMBTU) 
	Price

Differential

($/MMBTU)
	Regasification Facilities 
	SPOT

Sales 

	
	2030 
	Jamaica Markets 
	Type 
	Referential 
Price (1)

$/MMBTU 
	
	
	
	

	
	
	
	
	Low 
	High 
	
	Low 
	High 
	
	

	USA Cove Point
	160
	1.404
	GN
	5,13
	11,98
	4,41
	0,72
	7,57
	YES 
	High

	USA Everett
	70
	1.540
	GN
	5,13
	11,98
	4,44
	0,69
	7,54
	YES 
	High 

	USA Elba Island
	110
	1.060
	GN
	5,13
	11,98
	4,34
	0,79
	7,64
	YES 
	High 

	USA Lake Charles
	160
	1.253
	GN
	5,13
	11,98
	4,38
	0,75
	7,60
	YES 
	High 

	Mexico 
	700 
	1.200
	GN
	5,13
	11,98
	4,37
	0,76
	7,61
	YES 
	High 

	Guatemala
	82
	732
	FO
	12,18
	19,8
	4,28
	7,90
	15,52
	NO 
	Low

	Honduras
	81
	619
	FO
	12,18
	19,8
	4,25
	7,93
	15,55
	Project 
	Low 

	Nicaragua
	45
	580
	FO
	12,18
	19,8
	4,25
	7,93
	15,55
	NO 
	Low 

	Panama 
	85
	555
	FO
	12,18
	19,8
	4,24
	7,94
	15,56
	NO 
	Low 

	Cuba
	206
	390
	FO
	12,18
	19,8
	4,21
	7,97
	15,59
	Project 
	Middle

	Dominican Rep. 
	120
	428
	GN
	5,13
	11,98
	4,21
	0,92
	7,77
	YES 
	Middle

	Puerto Rico
	645
	597
	GN
	5,13
	11,98
	4,25
	0,88
	7,73
	YES 
	Low 


The estimation of the LNG average costs in Jamaica according to the supplier is included in Annex 1 (Table 1.1).
Markets Hierarchical Analysis (AHP) 
By applying the AHP methodology a pair-wise comparison matrix is elaborated to define the relative importance of the markets characterization or evaluation parameters. 

In order to select and sort the options, the analysis is done in two steps, with the participation of a group of experts.

Step 1: 
The relative importance among the selected evaluation parameters is set trough the comparison of each parameter with respect to the rest. The weighing procedure is based on the qualifications and definitions presented in table 4.

       Table 4 - Weighing Scale of Parameters by Relative Importance
	DEGREE OF IMPORTANCE
	RELATIVE IMPORTANCE

	1
	Equal importance

	3
	Moderate importance of one over another

	5
	Essential or strong importance respect to other parameter

	7
	Very strong importance 

	9
	Extreme importance


By applying the AHP methodology a pair-wise comparison matrix is elaborated to define the relative importance of the evaluation parameter. This matrix is elaborated and a summary of the results is presented in Table 5:  

Table 5 - Weight of the Market Evaluation Parameters
	PARAMETER
	Weight, (%)

	Market Size
	25,4

	Price Differential
	21,4

	Availability of Regasification Facilities
	23,2

	Spot Sales
	13,0

	Geopolitics Risks
	9,0

	Energy Policy
	8,0


Step II:
In this step, the parameters are qualified for each market, using the scale presented in the Table 6.
 Table 6 - Qualification Scale
	Score
	Indicator

	10
	The most favorable

	8
	Highly favorable

	6
	Favorable

	4
	Moderately favorable

	2
	Slightly favorable

	1
	Less favorable


Markets Hierarchical Attractiveness

The assessment of the potential markets is conducted by the qualification matrix based on the AHP methodology, which is included in the Annex 2 (Table 2.1) and a summary of the results is presented in in Figure 30. 
The methodology sorts the markets by the attractiveness of each of them, based on the parameters used for the evaluation and the analysis of the group of experts.
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Figure 30 – Assessment of LNG Markets – AHP Results
Figure 30 indicates that three groups of potential markets might be identified. The first one comprises markets with a valuation of more than 7 points, which indicates that they should be the most attractive and feasible. In second order are the markets with more than 6 points but less than 7 and finally the markets with a score between 4 and 6 points.
The first group includes a very commercially mature market like the USA LNG terminals, with the infrastructure needed to receive LNG cargoes and it is big enough to justify a more detailed evaluation of the installation of a gas hub in Jamaica. 
The second group embraces potential natural gas consumers that would require conversion to gas of power generation plants, as some of the included in the PETROCARIBE’s study “Natural Gas Supply to the Caribbean and Central America Areas”. Puerto Rico and Dominican Republic are the exceptions of this group, because they already are natural gas consumers with plans to expand the gas consumption in the medium term. Obviously, the second group has a lower level of certainty. 
From the market information, it will be assumed as a basis for establishing the initial preliminary dimension and capacity of the Jamaica hub that this hub would supply LNG primarily to the indicated terminals in USA and Mexico; then, to Guatemala, Honduras and Panama, without discarding other of the referred potential markets. 

Taking into account that the total potential LNG market of USA plus the Mexico market, the total expected natural gas demand would be about 1,200 MMSCFD.

For an initial sizing of the Jamaica LNG hub it will assumed an initial facility capacity for supplying 300 MMCFD, equivalent to a 25 % of the total referred demand, plus a 300 MMSCFD for the Jamaica internal market. That means that a preliminary design of the Jamaica hub as a LNG wholesaler should consider a facility with a 300.000 m3 total storage capacity (for a 600 MMSCFD total supply) and a 300 MMSCFD regasification capacity facility.
5.1.6 Potential Suppliers of LNG or CNG to Jamaica
The natural gas requirements for a hub in Jamaica might be fulfilled with LNG or CNG; it is an objective of this study to assess these options. In that sense, this section is aimed at discussing the potential LNG or CNG suppliers for that hub.
· LNG Suppliers
Trinidad & Tobago, Venezuela, Nigeria, Qatar and Algeria are considered as the potential suppliers of LNG to Jamaica. This section is focused to describe each potential supplier conditions. 
Table 7 – Potential Suppliers
	SUPPLIER
	Liquefaction Capacity

MMTPA of LNG

	
	Current
	Medium Term

	Trinidad & Tobago
	14.7
	-

	Algeria
	17.1
	-

	Qatar
	38.1
	62.3

	Nigeria
	18.0
	-

	Venezuela
	-
	9.4


Trinidad & Tobago
The unique operating gas liquefaction plant in Latin America and the Caribbean region is located in Trinidad & Tobago; it has four liquefaction trains for a total installed capacity of 14.7 million metric tons per year (MMMTPA) capacity. The production is been usually shipped to USA (40 %) and Spain (28 %), under long term supply contracts. The remaining 32 % is being supplied in small quantities to other European countries (Belgium, Greece, Portugal and United Kingdom), Latin America (Argentina, Dominican Republic, Mexico and Puerto Rico) and Asia (India, Japan, Korea and Taiwan), most of these volumes have been commercialized in the spot market.

On the other hand, natural gas reserves of Trinidad and Tobago apparently are not enough to justify expansions in their liquefaction capacity, although some experts project at least another 4 MMMTPA train, as part of the LNG liquefaction capacity in the Atlantic Basin.
Algeria

Algeria has an installed capacity of 17.4 MMMTPA, 90% of its production is sent to Europe, mostly to France, Spain and Turkey. The remaining 10 % goes to Asia (Japan, India, Korea, Taiwan and China).

It is important to mention, that Algeria have not had commercialization with any country in Latin America and the Caribbean region. Its proximity to the European markets, makes that LNG production of Algeria is almost exclusively dedicated to France and Spain.
Nigeria
Nigeria has an installed capacity of 18 MMMTPA, 70 % of its production goes to Europe (Spain, France, Portugal and Turkey), 24 % is directed to Asia, and the remaining 6 % to Mexico and USA.
Qatar
Qatar is the greatest LNG producer in the world with a capacity of 38 MMMTPA, recently a new LNG complex has started up and it is expected, in the medium term, that LNG production in Qatar achieve 62.3 MMMTPA. This expansion is supported by the United Kingdom market, where Qatar will supply more than 20% of the UK’s LNG requirements.
Venezuela

Finally Venezuela is planning to have a liquefaction plant of 9.4 MMMTPA in the medium term (two 4.7 MMMTPA liquefaction train). The capacity of this LNG plant has not been assigned to any specific market by long term contracts. However, it is known the agreements with the government of Cuba to supply LNG for power generation in the island, approximately 1.5 MMMTPA.
Discussion

A very important factor in LNG supply is the proximity of the producers. Trinidad and Venezuela are the closest potential suppliers for Jamaica (~ 1,000 NM), in second place are Algeria and Nigeria with distances between 4,000 and 5,000 NM and finally Qatar at almost 8,900 NM
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Figure 31 – Potential LNG Suppliers to Jamaica - Distances
Although all the producers considered in this study could become Jamaica’s hub suppliers; obviously, the most interesting LNG suppliers to Jamaica are Venezuela and Trinidad.

Venezuela would become an ideal supplier, because it is expected that this country has available capacity in the mid-long term and it is not far from Jamaica; however, most of the experts say that the LNG plant project has been delayed and the facility would begin operations beyond 2012.
Trinidad has the advantage of having already LNG production, but without available capacity to sign more LNG long term supply contracts.
Due to its huge production capacity, Qatar becomes a very interesting LNG supplier for Jamaica, if transportation rates do not affect the LNG price competitiveness, in both Jamaica’s domestic market and export opportunities.

Finally, Nigeria and Algeria are located to medium distances, however their availability and geopolitics risk make that these suppliers are less interesting than the others considered in this study.
The selection of the best option will consider proximity, production capacity, rates and availability.
· CNG Suppliers

Colombia and Venezuela are the countries that look like the suitable option for CNG supply to the Caribbean due to the following factors:

· Proximity to the Caribbean markets and CNG marine transportation technology is feasible for distances shorter than 1,000 NM.
· Large Natural gas reserves, especially in Venezuela.
Colombia has been rapidly increasing its natural gas production in recent years with a current production of about 620 MMSCFD. In addition, there are high expectations of new findings in the Caribbean Region, being the reason of visualizing CNG projects for supplying the nearest markets, as is in the case of Jamaica.
On the other hand, Venezuela has developed studies aimed at defining a project for installing CNG facilities with 900 MMSCFD of natural gas capacity for the markets of Latin America and the Caribbean.
It is important to mention that CNG projects to supply this fluid from Venezuela and Colombia to the region are in a very early stage with high levels of uncertainty and it seems that LNG is the best option for natural gas supply to the region. 
5.2 INFRASTRUCTURE REQUIREMENTS  
The infrastructure requirements have to do with the facilities in Jamaica for LNG or CNG receiving, handling and supplying to its domestic market and to export markets. Additionally, the infrastructure capacity and availability of the potential producers of LNG or CNG should be assessed.

This section of the study is focused in the infrastructure in Jamaica for handling its domestic market and the potential export opportunities. Also, it is important to mention that LNG is the most feasible option, as it was presented in section 5.1.
In the Assessment of LNG Market it was established that the total LNG storage capacity must be around 300,000 m3 to handle the domestic market as well as exportations, and regasification infrastructure for 300 MMSCFD, exclusively dedicated to fulfill Jamaica’s natural gas requirements for Bauxite / Alumina Processing and Power Generation sectors.
In section 7 “Assessment of Infrastructure and Investment Requirements”, the infrastructure is described with more details.
5.3 ECONOMICAL REQUIREMENTS 

From the point of view of the economical requirements, it is obvious that investments related and its financing are very important, due to the high capital costs that this type of projects involve, also operation and maintenance costs. The price of natural gas has a relevant importance because it has to be high enough generate the expected profitability of the project, but at the same time low enough to be competitive with the other fuels currently used.
The scope of this study includes in section 7 “Assessment of Infrastructure and Investment Requirements” the referential capital costs for the facilities required for a LNG hub in Jamaica, which includes storage, dock and regasification facilities. The investments for such infrastructure in Jamaica should be around 500 - 800 MM$.
5.4 SOCIOECONOMIC REQUIREMENTS 

The socioeconomics requirements include aspects such as skilled workforce, employment, social impact and public infrastructure in the influential area of the hub, among other factors.
5.5 ENVIRONMENTAL AND SAFETY REQUIREMENTS 

The environment and safety aspects are requirements with very high priority levels that necessarily have to be deeply analyzed.

The scope of this study includes a general review of the environmental issues in section 4.1
5.6 LEGAL / COMMERCIAL REQUIREMENTS 

Due to the fact that in this kind of projects it is necessary to have long term contracts with producers, users, and transporters in order to maintain clear rules of commercialization, Legal / Commercial Requirements are fundamentals for LNG or CNG projects. In addition, the alignments for all the commercialization chain are given by the regulatory framework of Jamaica as well as of the countries which represent the target markets.
The analysis of the Legal / Commercial issues requires further and specialized studies at later stages of the LNG Jamaica’s hub project. 
6 ASSESSMENT OF POSSIBLE HUB CATEGORIES 
In this section, the assessment of hub categories that would be best suited for Jamaica as wholesaler is performed. The hub types to be evaluated are listed as follows:

· LNG Wholesaler

· CNG Wholesaler 

· NG Wholesaler 

· Combinations

The work to be developed includes analysis of each of these options and a comparison based on a hierarchy matrix that takes into account specific parameters like facilities requirements, technological limitations, potential risks and costs, among others.

6.1 HUB SCHEMES

Schemes of each of the proposed hub options are discussed as follows:
· LNG HUB

This case assumes that Jamaica receives LNG from the suppliers, takes the demand of the domestic market and re-exports the surplus to the potential consumers. Figure 32 illustrates the LNG hub.
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              Figure 32. – LNG HUB Scheme
· CNG Hub
This case considers that Jamaica receives CNG from the suppliers, takes the demand of the domestic market and re-exports the surplus to the potential consumers. Figure 33 illustrates a CNG hub.
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              Figure  33. – CNG HUB scheme
· LNG / CNG Hub
This case considers that Jamaica receives LNG from the suppliers, takes the demand of the domestic market and re-exports the surplus to the potential consumers as LNG or CNG. That means a hub that manages LNG and CNG simultaneously as depicted in figure 34.
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              Figure  34. – LNG/CNG HUB scheme

6.2 EVALUATION OF THE HUB OPTIONS HIERARCHY (AHP MATRIX)

As it was mentioned before, four (4) different technological options for a hub in Jamaica have been proposed to be evaluated and the most convenient technology should be selected for installation of a Hub in Jamaica.  

This selection would be based on the Analytic Hierarchy Process (AHP), which would indicate a hierarchical order of most favorable hub options.

Similarly to the market assessment, the methodology based on a pair-wise comparison of adequate evaluation parameters, is applied in two steps: firstly a hierarchical evaluation of parameters; secondly, the qualifications of options 
· Characterization of the Different Hub Options
The evaluation parameter and the technological characteristics to be considered in this assessment are presented in Table 7.
Table 7.- Evaluation Parameters and Characteristics of the Technological Options
	Evaluation Parameter
	LNG
	CNG
	NG Pipelines
	LNG + CNG

	Transportation Technology Maturity 
	LNG carriers: Mature technology and commercially proven. LNG carriers available 
	CNG ships: Technically feasible technology but commercially incipient. CNG shall be custom made
	Pipelines are a mature technology,  but NG supply to Jamaica would require a very long, high pressure and deep subsea pipeline with
	LNG (Imported) + CNG (Export):                        Technically feasible but limited to one export market                                                                                        CNG (Imported) + LNG (Export):                        Technically feasible but constrained to one supplier

	Supply Capacity
	Not restricted
	Restricted by complex logistics and lack of availability of large ships which shall be custom-made
	Not restricted 
	LNG (Imported) + CNG (Export):                        Restricted export market                                                               CNG (Imported) + LNG (Export):                        Restricted CNG supply

	Hub Facilities Complexity
	Onshore facilities: Relatively complex but with long construction and operational experience                                
	Onshore facilities: Less complex than a LNG facility , no construction experience in CNG land large volume storage                              
	A long (1900 Km) and high pressure (2,000+ psig) subsea pipeline would be required. Hub facilities would not be complex but the NG must be transformed into LNG or CNG for export purposes.
	LNG (Imported) + CNG (Export):                        Requires high pressure gas compression facilities and CNG loading facilities for export markets besides a LNG regasification plant                                                               CNG (Imported) + LNG (Export):                        Requires a LNG plant for export market besides CNG unloading facilities     

	
	Floating Facilities: More complex operation than the previous one
	 Floating Facilities: More complex operation than the previous one                                                     Both options require gas compression facilities for CNG export (2,000+ psi)
	
	

	Market Limitations
	Subject to market demand and LNG purchase and selling agreements. Distances from suppliers and markets are not limitations. This option would rely upon one or more suppliers and customers
	Distances from supplier and markets might be limited to less than 600 NM. This option would rely upon one reliable supplier and probably not more than two- export customers.    
	Distances from supplier and markets might be limited to less than 3,000 Km. This option would rely upon one supplier and probably one market (several customers).    
	LNG (Imported) + CNG (Export) /CNG (Imported) + LNG (Export) : They have the same limitations of each individual option   

	Technical Constrains
	Onshore facilities: Relatively complex constructions but there are construction and operational experience. Suitable land and minimum environmental impact are required                              
	Onshore facilities: Availability of large commercial CNG ships is restricted by stringent standards because it is new technology                               
	 NG supply to Jamaica would require a very long (1,900 Km.) high pressure and deep subsea pipeline. Huge construction and environmental challenges
	These options involved the constrains that characterize the individual technological options

	
	 Floating Facilities: More complex operation than the offshore option. Location should be protected from hurricanes. Suitable navigation channels near a suitable port are required. Environmental regulations are stringent
	Floating Facilities: Availability of large commercial CNG ships is restricted by stringent standards because it is new technology                                
	
	

	Major Potential Risks
	Construction schedule risks and cost overrun. Supply security and markets stability and security. Project Financing. Long schedule
	Dependence of one GNC producer supplier and limited market target. New technology
	High construction and environmental risks. Large investment. Dependence of one supplier
	Combine the risks related to both technological options

	Costs
	Onshore Facilities:   CAPEX:  750 MMUS$                                          Other cost are related to LNG delivery tariff in Jamaica
	Onshore Facilities:                                                  CAPEX: 100 MMUS$ for unloading and storage facilities.  Other cost are related to CNG CIF cost which are 3- times LNG tariff
	Large Investments cost:> 8,000 US$
	LNG (Imported) + CNG (Export):                        CAPEX: 150 MMUS$ for CNG storage and unloading                                                                                                                                                 

	
	 Floating Facilities:     CAPEX:  100 MMUS$                                          Important operating cost derived from floating unit leasing (450-500 MMUS$ per 10 years contract)
	Floating Facilities:              CAPEX: 100 MMUS$ for unloading and storage facilities.  Other cost are related to CNG CIF cost which are 3- times LNG tariff
	
	CNG (Imported) + LNG (Export):                        CAPEX: Aprox. 5,000 MUS$ mainly for a 2 MMTPA LNG plant dedicated to export.


· AHP Matrix: Evaluation Parameters Hierarchy

The relative importance or weight of the parameters selected for evaluating the hub options is established through comparative analysis.
The resulting order of importance of the selected evaluation parameters is as follows:
Cost (18.8 %) > Market Limitation (18.0 %) > Supply Capacity (16.7 %)
 > Transportation Technology Maturity (16.7 %) > Technical Constrains (12.2 %) >
 Major Potential Risks (9.4 %) > Hub Facility Complexity (8.2 %)
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Figure 35 - Evaluation Parameters – Relative Importance

· Evaluation of the Hub Options Hierarchy (AHP matrix)
The hierarchical order of the possible hub options is assessed through the matrix presented in Annex 3 (Table 3.1):
The results of this matrix indicate the following hierarchical order for the hub options:
	LNG > CNG > LNG / CNG > NG 
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Figure 36 - Hierarchical order of Hub Options
· Evaluation of Onshore LNG Hub vs. Floating Facility (FSRU) based Hub 
Applying the same procedure, the evaluations of a LNG Hub using onshore or FSRU options is conducted and results are summarizes in table 8 and figure 37:
Table 8. - Evaluation of LNG Regasification Options
	REGASIFICATION OPTION ASSESSMENT

	PARAMETER
	Weight
	LNG HUB ONSHORE
	LNG HUB  FLOATING

	
	
	Relative
	Absolute
	Relative
	Absolute

	Hub Facility Complexity
	17,1%
	6
	1,03
	8
	1,37

	Technical Constrains
	15,1%
	6
	0,91
	8
	1,21

	Major Potential Risks
	28,5%
	6
	1,71
	8
	2,28

	Costs
	39,3%
	4
	1,57
	8
	3,14

	SCORE
	5,21
	
	8,00
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Figure 37 – Relative preference of LNG Hub options

The results indicate that for a LNG Hub in Jamaica, the most convenient option would be based upon the installation of a FSRU
7 ASSESSMENT OF INFRASTRUCTURE AND INVESTMENT REQUIREMENTS 
The infrastructure needed for a LNG Hub in Jamaica must be designed to cover requirements that include the internal market consumption and also an additional volume to be sold to the export markets in the near region. 

According the market assessment, the natural gas consumption in Jamaica for the year 2030 could reach around 300 MMSCFD. However, the infrastructure capacity considering Jamaica as a LNG Hub must be designed to achieve two times of internal consumption, for a total capacity around 600 MMSCFD. This capacity would allow to Jamaica offers 300 MMSCFD to the export markets.  
The estimated investments (Class 5) for a Jamaica’s LNG hub with capacity to cover domestic market as well as export opportunities would be about 745 MM$. This section summarizes the infrastructure capacity required for a LNG hub to cover domestic and export markets requirements. Also, the capital cost estimate for such facilities is included. 
7.1 INFRASTRUCTURE 
The infrastructure requirements in Jamaica would comprise the following value chain components:
· LNG Shipping
As it was mentioned before, the LNG carrier is a tank ship designed for transporting liquefied natural gas (LNG). As the LNG market grows rapidly, the fleet of LNG carriers continues to experience tremendous growth

At the moment there is a boom in the fleet, with a total of more than 140 vessels on order at the world's shipyards. Today the majority of the new ships under construction are in the size of 120,000 m³ to 140,000 m³. But there are orders for ships with capacity up to 260,000 m³. 
To satisfy the Jamaica internal market,  LNG cargos using three (3) ships per month, with a capacity of 140.000 m3 each, equivalent to ten (10) days of internal demand, will be required. Assuming a similar natural gas volume for export market, the ships required would be similar. 

· Receiving Terminal and Unloading Facilities

As it was mentioned in Section 4, the main hub components include a commercial terminal that meets the required specifications to unload the LNG volumes received from LNG carriers and the unloading facilities for sending the LNG to the storage tanks. In some cases, an adaptation of the existing facilities to a LNG handling terminal can be required depending on its previous utilization.  The unloading system should be able to unload the LNG at a 12,000 m3/hour rate though several pumps.

If a FSRU system is implemented as a LNG terminal, the unit will contain loading, storage ad regasification facilities onboard. 

· Storage Facilities

Usually, two or more above ground tanks are generally installed for receiving and storing LNG. To reduce cost, designers try to minimize the number of tanks and maximize the amount of storage per tank.

The storage capacity can be around 300,000 m3 of LNG (2 tanks for 150.000 m3), which would be equivalent to two (2) weeks of the daily natural gas internal demand. The similar facilities would be required for supplying the export market. 

· Regasification Facilities

The regasification facilities would only be needed to convert the LNG to the gaseous phase and sending the gas to the distribution system that supply the internal market. For a hub in Jamaica it is estimated that a 300 MMSCFD (14.150 m3 liquefied gas/day) regasification plant would be considered.

The same capacity should be also taken into account if a FSRU option is selected, but in this case the provision of liquid fuel (i.e. F.O) should be considered in customer system (dual fuel scheme) for eventual LNG/Gas delivery failure from the FSRU.

· Loading Facilities

For the LNG export market it would be necessary to load or reload LNG ships in Jamaica, consequently, loading facilities must be available to send the LNG from an onshore storage tank to LNG ships. It is important to remark that the unloading facilities could be used as loading system, considering a reverse LNG flow, if the operating logistic permits this scheme. 

The figures 38.a and 38.b present a summary of the infrastructure requirements, capacities and main characteristics associated to LNG Hub facilities for onshore facilities and FSRU options, respectively. 
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Figure 38 a. - LNG Infrastructure with Conventional Regasification Plant
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Figure 38 b. LNG Infrastructure – FSRU 
It should be remembered that for supplying natural gas to the internal market consumers, a gas distribution system that integrates several pipelines should be installed between the hub´s site up to the main customers facilities; however these facilities will be part of a separated project

· Construction Schedule
The construction schedule for an offshore of a LNG hub in Jamaica would take about 2.5 years, 1.5 to 2.5 years less than the project schedule for an onshore hub. 

7.2 INVESTMENT 
The investments are estimated following the steps described below:

· Evaluation of international references on capital costs estimations of most recent projects of LNG terminals, and selection of those with greater levels of certainty.

· Estimation of the total investment cost of the hub based upon the dimensions referred in the previous section. 

· Taking the premise of a typical LNG receiving terminal, a capital costs distribution is shown in Table 9.
Table 9 – Typical Capital Costs Distribution for a LNG Receiving Terminal
	Component
	Share, %

	Process Plant - Regasification
	40

	Storage
	45

	Dock - Jetty
	15


7.2.1 Capital Cost Estimation – Onshore Facility Option  

Table 10 summarizes the capital cost for an onshore LNG Hub in Jamaica and the most important cost distribution.
Table 10 - Capital Costs Estimation for a LNG hub in Jamaica

	Component
	Share
	Domestic Market
Capital Costs
(MM US $)
	Export Market
Capital Costs
(MM US $) (1)
	TOTAL

(MM US $)

	Process Plant - Regasification
	40%
	155
	 
	155

	Storage
	45%
	175
	175
	349

	Dock - Jetty
	15%
	58
	58
	116

	Sub-Total
	388
	233
	621

	Project Management
	5%
	19
	12
	31

	Contingency
	15%
	58
	35
	93

	Sub-Total
	78
	47
	124

	TOTAL
	465
	280
	745


(1) Additional investment required to cover potential export markets
In summary, capital costs for an onshore LNG Hub in Jamaica would be about 745 MM$ which includes 280 MMUS$ associated to the facilities for LNG exports to the market opportunities and 465 MMUS$ for the Jamaica internal market infrastructure.
7.2.2 Capital Cost Estimation – Offshore Facility Option  

Table 11 summarizes the capital cost for an offshore LNG Hub in Jamaica, considering a FSRU instead an onshore Conventional Plant.
Table 11. - Capital Costs Estimation for hub in Jamaica using a FSRU 
	Component
	Domestic Market
Capital Costs
(MM US $)
	Export Market
Capital Costs
(MM US $) (1)
	TOTAL

(MM US $)

	INVESTMENT
	
	
	

	Process Plant - Regasification
	
	 
	155

	Storage
	
	175
	349

	Dock – Jetty
	58
	58
	116

	Sub-Total
	58
	233
	621

	Project Management
	19
	12
	31

	Contingency
	58
	35
	93

	Sub-Total
	78
	47
	14

	TOTAL
	136
	279
	415

	(1) Additional investment required to cover potential export markets

(2)Offshore Facility Option (under leasing scheme

	LEASING COST
	Domestic Market
(MM US $)
	
	TOTAL

(MM US $)

	FSRU (assuming 20 years leasing)
	900
	
	900


The results shown in tables 10 and 11 can be interpreted as follows:

· The investment required for an onshore LNG hub would be 44 % larger than an offshore hub option.

· The construction and implementation schedule of a FSRU plus the onshore LNG tanks takes about 2.5 year, compared with a 4-years schedule for an onshore LNG hub.

· On the other hand the FSRU will have a 900 MM US$ estimate leasing cost for a 20 years contract. This looks as a disadvantage; however PCJ would not have if any, important disbursements for this concept.

· Taking as a premise the lower capital investment requirement and the shorter schedule for the implementation of an offshore LNG hub, this option looks like the most convenient for Jamaica case.

8 ASSESSMENT OF HUB LOCATION: PORT ESQUIVEL VS. KINGSTON 
Jamaica is located at coordinate north 76º 48’ west. It is the greatest island of the Caribbean commonwealth of English-speaking countries and the third of the Caribbean region. Its total area is 10,991 km² with an east to west length of 240 km, north to south of 80 km and a coastline of 1,022 km.

Jamaica offers a central location in close proximity to North, South, & Central America, with easy access to the Panama Canal major shipping lanes. 
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Figure 39 - Geographical Location of Jamaica
The data used for the characterization of the Jamaica ports suggested for the installation of a LNG receiving terminal is primarily based on public sources on the web and information available in previous studies.  

8.1 MAIN ENVIRONMENTAL ASPECTS
The following figure shows the protected natural areas of Jamaica. It is important to mention that Port Esquivel is located in the greatest protected area of the island with important coral reefs around it. Also Kingston Harbour is near to protected areas and coral reefs; however the environmental impact in Kingston seems to be lower than in Port Esquivel due to the size and importance of the protected areas.
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Figure 40 – Protected Natural Areas and Coral Reefs of Jamaica

Oceanography and Meteorology

Jamaica presents medium exposure to tropical hurricanes. This is the most important oceanographical and meteorological aspects because of its negative effects on the coastal infrastructure, shipping and maritime operations.

It is important to mention the high relative frequency of category 4 hurricanes near Jamaica. The following table presents a summary of the most important characteristics applicable for both ports, Esquivel and Kingston Harbour.    
Table 12- Oceanography and Meteorology Characteristics – Average Frequency

	Parameter
	Port Esquivel and Kingston Harbour

	Total Hurricane Events
	0,47 events/year or 1 event every 2.1 years

	· Tropical Depressions
	0,10 events/year or 1 event every 10 years

	· Tropical Storms
	0,17 events/year or 1 event every 5.9 years

	· Hurricanes Category 1
	0,05 events/year or 1 event every 20 years

	· Hurricanes Category 2
	0,03 events/year or 1 event every 33.3 years

	· Hurricanes Category 3
	0,02 events/year or 1 event every 50 years

	· Hurricanes Category 4
	0,08 events/year or 1 event every 12.5 years

	· Hurricanes Category 5
	0,02 events/year or 1 event every 50 years

	Hurricane days
	8 days/year

	Maximum Wind Speed
	74.6 m/s

	Average speed of surface water
	West, 15 to 35 cm/s

	Average height of tides
	20 cm (approximately)

	More often wave height
	0.25 a 1.25 m

	Temperature of surface water
	25.8 a 28.8 ºC


Source: PROYNCA data base
8.2 DISTRIBUTION OF THE ECONOMIC ACTIVITY 
As it can be seen in the figure below, most of the economical activity of Jamaica is located in the southern region of the island, near Kingston Harbour and Port Esquivel. That is the reason why this assessment is focused on these ports.

[image: image43]
Figure 41 – Jamaica’s Distribution of the Economic Activity

[image: image44]
Figure 42 – Distribution of Potential LNG Off-takers

The figure above presents the locations of the potential natural gas consumers considered by this study, mostly located in the southern region of the island and totalize a potential consumption of 270 MMSCFD in the middle to long terms. It is important to remark that the distances from Kingston Harbour to the potential off-takers are 60% longer than from Port Esquivel.
8.3 KINGSTON HARBOUR – GENERAL DESCRIPTION
A satellite image of Kingston Harbour is shown in the figure below. It is clear the presence of big urban areas as well as industrial parks, concentrating near 22% of the Jamaica’s population.
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Figure 43 - Aerial Image of Kingston Harbour

The Kingston Harbour is a multipurpose port that allows a ship draft of 11.1 m for commercial, industrial and tourism uses. In addition, it has facilities for the reception and storage of liquid hydrocarbons. 

8.4 PORT ESQUIVEL – GENERAL DESCRIPTION
In the following aerial image of Port Esquivel area, it could be seen big extensions of land that might be available for a hub. Also, it is important to note the low population density of this area and the long distance from the nearest urban center.
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Figure 44 - Aerial Image of Port Esquivel

Esquivel is a multipurpose port that allows a ship draft of 11.1 m for commercial and tourism uses. Also, it has facilities for the reception and storage of liquid hydrocarbons.
8.5 PORT SELECTION FOR A LNG TERMINAL - ANALYTIC HIERARCHY PROCESS (AHP)
To establish a hierarchical order of attractiveness of the Assessment of Hub Location: Port Esquivel vs. Kingston, the analytic hierarchy process (AHP) will be used assuming that the hub facility option is based on the use of a FSRU. 

The evaluation parameters to be considered are:

· Port Facilities 

It refers to the port current services: industrial, commercial, tourism, liquid hydrocarbons facilities, etc.
· Area Suitability for a LNG Hub Facilities

It refers to the availability of suitable area for a LNG hub facilities, both onshore (regasification and storage) and offshore (docks and jetties for loading and unloading activities) 
· Proximity to Off-takers

It has to do with the relative average distance to the greater weighed customers´ demand (the Bauxite / Alumina Processing and power generation plants), giving more advantages to larger consumers located at shorter distances.
· Proximity to Shore

It refers to the proximity of probable location of the FSRU to a suitable onshore location for gas dispatching facilities. Less complex subsea facilities
· Proximity to Urban Centers / Security
Due to the characteristics of the operations of a LNG hub, the shorter the distance to urban centers the more risk is involved. 
· Environmental and Geotechnical Data 

It refers to information available on previous soils studies and environmental impact across the port area, both onshore and offshore
· Impact on Protected Natural Areas
This parameter is related to the level of environmental sensitivity of the area around the port. More sensitivity means a less suitable site.

8.6 CHARACTERISTICS OF THE EVALUATED PORTS
Table 13 presents a qualitative description of the ports in a comparative way.

Table 13 - Qualitative Description of the Ports

	PARAMETERS
	PORT  ESQUIVEL
	KINGSTON HARBOUR

	Port Facilities
	· Multipurpose Port:

· Industrial

· Reception and Storage Facilities for Liquid Hydrocarbons (F.O. or Diesel)
	· Multipurpose Port:

· Industrial / Commercial

· Tourism

· Reception and Storage Facilities for Liquid Hydrocarbons (F.O. or diesel)

	Area Suitability for a LNG Hub Facilities
	Greater land  area might be available for onshore required facilities (LNG Tanks)
	Smaller land  area might be available for onshore required facilities (LNG Tanks)

	Proximity to Off-takers
	Closer to four Bauxite / Alumina processing plants and to a power generator that represents almost 80% of the potential demand
	Closer to two power generation plants that represents around 20% of the potential NG demand

	Proximity of Location to Shore
	Medium distance between dock – jetties and the coastline 
	Short distance between dock – jetties and the coastline 

	Proximity  of Hub to Urban Centers / Security
	Low population density and  long distance from the nearest urban center
	Presence of big urban areas and industrial parks near the port

	Environmental and Geotechnical Data
	Low availability of information from previous geotechnical and environmental impact studies in the port area (on shore and offshore)
	There are some previous geotechnical and environmental impact studies in the port area (on shore and offshore)

	Impact on Protected Natural Areas
	Is located in the greatest protected area of the island with important coral reefs around it. It is a highly environmentally sensitive area 
	It is near to protected areas and coral reefs. The environmental impact should be low due to the size and importance of the protected area


8.7 PORTS SELECTION - HIERARCHICAL ANALYSIS 
As previously referred the AHP methodology will be applied and a relative pair-wise comparison matrix is elaborated to define the relative importance of the evaluation parameters, followed by the evaluation of options.. 

The results of the evaluation (AHP) of options are shown in Tables 16 and 17 respectively. 
Table 16 - Weight of the Evaluation Parameters

	PARAMETER
	Weight, (%)

	  Port Facilities 
	5,7 

	  Area Suitability for a LNG Hub Facilities
	22,0 

	  Proximity to Off-takers 
	20,3 

	  Proximity to Shore 
	7,2 

	  Proximity to Urban Centers / Security
	24,1 

	  Environmental and Geotechnical Data 
	3,8 

	  Impact on Protected Natural Areas
	16,9 


Annex 4 (Table 4.1) shows in details the results related to the evaluation criteria or parameters for hub location indicating the relative importance of these parameters:
Table 17 – Hierarchy matrix of the port options

	CRITERIA
	Weight

%
	Port 

Esquivel 
	Kingston 

Harbour 

	
	
	Relative
	Absolute 
	Relative 
	Absolute 

	Port Facilities
	5,7
	6
	0,34
	8
	0,46

	Area Suitability for a LNG Hub Facilities
	22,0
	10
	2,20
	6
	1,32

	Proximity to Off-takers
	20,3
	8
	1,62
	6
	1,22

	Proximity to Shore
	7,2
	4
	0,29
	8
	0,58

	Proximity to Urban Centers / Security
	24,1
	8
	1,92
	4
	0,96

	Environmental and Geotechnical Data
	3,8
	2
	0,08
	8
	0,30

	Impact on Protected Natural Areas
	16,9
	4
	0,68
	8
	1,35

	SCORE 
	7,13
	
	6,19
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Figure 45- – Relative preference of Port Options

The results shown in Table 17 indicate that Port Esquivel might offer more advantages than Kingston Harbour for installing a LNG hub, which would require the use of a FSRU and the construction of a LNG tank onshore. The LNG tank installation might have an important influence on selecting the best location of the hub.
The aspects that may have greater effects on the total weight of the evaluated port options are:
a) A suitable area especially for the construction of required LNG tanks (for export market), which seems to be more favourable in the case of Port Esquivel.

b) Proximity of the hub facilities to populated areas, which involves security aspects related to the LNG tanks location, required for export markets. Regarding this aspect, it seems that Port Esquivel characteristics might be more advantageous for a LNG location.
c) A LNG hub located in Port Esquivel would be in average, closer to a major number of potential NG consumers. 
It should be remarked that the previous considerations are for a LNG hub location. The selection of the location would be different in the case of evaluating only a FSRU location that would be installed only for the internal market, with no onshore LNG tanks requirements.
9 SUMMARY OF FINDINGS
· The project for installing  and operating a LNG or a CNG hub in Jamaica for supplying natural gas to the domestic market and to commercialize an additional volume in the export markets of the region will have several requirements, including the following as most important:

· Natural Gas Market and LNG Suppliers 

· Infrastructure with a capacity for handling and delivering 300,000 m3 to the Jamaica internal market and the facilities with the same capacity for LNG exports to target markets in the region. Facilities include: FSRU, LNG tanks onshore, LNG loading and uploading, docking and mooring facilities, among others.

· Large economical requirements related to required facilities.

· Socio-economic requirements include aspects such as skilled workforce, employment, social impact and public infrastructure in the influential area of the hub, among other factors.

· Environmental and safety requirements, which are of high priority for the project.

· Legal and commercial requirements should be subjected to further specialized studies and due diligences.

· The natural gas domestic market of Jamaica is projected to reach 280 MMSCFD by year 2030 from an estimate of 150 MMSCFD at 2015, with power generation and bauxite / alumina processing absorbing more than 95% of the market share. These projections assume the conversion of fuel systems in power plants and bauxite/alumina plants to dual systems based on natural gas primarily.

· The validation or updating of the natural gas consumption figures are subjected to a more detailed assessment that should involve main potential consumer.

· The most reliable option between LNG and CNG for supplying Jamaica hub imports requirements is the LNG, which could be supplied by several producers such as Trinidad & Tobago, located at relative short distance from Jamaica, Nigeria and Qatar. Also Venezuela might be a future LNG exporter.

· On the other hand, CNG technology is not mature enough for the transportation of large volumes across distances greater than 600 NM. In addition, CNG potential projects depend on a reliable supplier in the region and only, Trinidad & Tobago, Venezuela and Colombia have recently evaluated that kind of project.

· The LNG and CNG hub options assessment based on AHP analysis indicated that a LNG hub would be the best option for Jamaica.

· Main challenges for developing a LNG hub in Jamaica include the following aspects:

· Environmental Issues (suitable sites and environmental impacts)

· Socio-Economic Issues (Skilled Labor, Public Infrastructure)

· Complex construction of facilities and project schedule

· Large Investments (GNC Hub: 100-150 MMUS$; LNG Hub: 400-800 MMUS$) and Project Financing. 

· Reliable LNG / CNG suppliers. The dependence of imported natural gas (as LNG or CNG) from limited number of suppliers implies some degree of vulnerability of a energy supply system that might would mainly rely upon the referred hydrocarbons which might be sensitive to temporary supply interruptions due to several potential causes, including hurricanes.

· Ensuring target markets

· The assessment of the LNG export markets for a hub in Jamaica showed that natural gas markets on the East Coast and Gulf of Mexico of USA and Mexico offer the greatest potentiality for receiving LNG from that visualized hub. 

However, the LNG imports increasing tendency in the Eastern Coast of USA might slow down if the development plans of the huge recoverable shale gas reserves in the Marcellus formation (Appalachian basin) can be achieved as expected for 2015-2020. 

· Some of the potential business options related to a hub in Jamaica include some as the described as follows:

· Long term LNG supply contracts, with companies that operate regasification facilities and power plants.

· Spot sales to cover peak demand or supply deficits

· Storage services in Jamaica for customers that envisage peak shaving operations or are exposed to eventual LNG supply shortages.

· These and other business opportunities shall be defined upon the basis of negotiations with the potential customers.

· The hub infrastructure will comprise facilities for handling the Jamaica internal and export markets requirements:

· For internal market:

· LNG regasification system with a capacity of 300 MMSCFD

· A FSRU with a storage capacity of 140,000-

· Receiving terminal and unloading facilities to receive 3 ships of 140,000 m3 monthly. Unloading capacity of 12,000 m3/hour

These facilities do not include gas pipelines that should be installed for transporting natural gas from the hub site to customers´ facilities, which would be considered as a separated project. 

· For the potential export market:

· Storage capacity: 300,000 m3; two tanks of 150,000 m3
· Terminal with loading facilities for 3 ships monthly of 140,000 m3. Loading capacity of 12,000 m3/hour

· The preliminary estimated investments for an onshore LNG Regasification Terminal in Jamaica would be 745 MM$ which includes 465 MM$ associated to the infrastructure to supply domestic market and 280 MM$ to cover potential export markets. 

· The offshore LNG Hub option, which includes a FSRU operating under a leasing contract with a FSRU constructor/operator, will require a 415 MM US$ for capital investment  (64 % of the onshore hub investment) and a long term and renewable contract for 20 years with would imply much less capital investments but the leasing would cost around 900 MMU$.
· Considering the lower capital investment requirement and the shorter construction schedule for the implementation of an offshore LNG hub, this option looks like the most convenient for the Jamaica case.

· Port Esquivel might offer more advantages than Kingston Harbour for installing a LNG hub, which would require the use of a FSRU and the construction of a LNG tank onshore. The LNG tank installation might have an important influence on selecting the best location of the hub.

The aspects that may have greater effects on the total weight of the evaluated port options are:

· A suitable area especially for the construction of required LNG tanks (for export market), which seems to be more favourable in the case of Port Esquivel.

· Proximity of the hub facilities to populated areas, which involves security aspects related to the LNG tanks location, required for export markets. Regarding this aspect, it seems that Port Esquivel characteristics might be more advantageous for a LNG location.

· A LNG hub located in Port Esquivel would be in average, closer to a major number of potential NG consumers. 

· It should be remarked that the previous considerations are for a LNG hub location. The selection of the location would be different in the case of evaluating only a FSRU location that would be installed only for the internal market, with no onshore LNG tanks requirements.
· Further studies should be conducted in a next phase for validating and / or complementing the findings of this study, including a vulnerability assessment of a energy supply system in Jamaica that would mainly rely upon imported natural gas in the form of LNG or CNG. This assessment would be aimed at determining what should be the most convenient contribution of the natural gas to the energy mix in Jamaica from the system vulnerability point of view. 

ANNEXES
ANNEX Nº 1
Table 1.1 shows estimates of the average LNG cost at Jamaica. The tariffs used for this estimation were extracted from public sources and they are referential figures. This estimation does not substitute rigorous economical evaluations.
Table 1.1 – Estimated Costs of Imported Natural Gas at Jamaica Hub

	SUPPLIERS 
	Distance to Jamaica

NM 
	Tariff, $/MMBTU
	Estimated LNG Cost in Jamaica

$/MMBTU 

	
	
	Production
	Liquefaction
	Transport
	Regas & Storage in Jamaica
	

	Argelia
	4.170
	1,00
	1,20
	0,70
	0,50
	3,40

	Nigeria
	5.063
	1,00
	1,20
	0,85
	0,50
	3,55

	Qatar
	8.895
	1,00
	1,20
	1,49
	0,50
	4,19

	Trinidad & Tobago
	999
	1,00
	1,20
	0,17
	0,50
	2,87

	Venezuela
	1.015
	1,00
	1,20
	0,17
	0,50
	2,87


The second step consisted in estimating the LNG Cost in the Target Markets. The following table presents the results.

Table 1.2 - Estimated LNG Unit Costs in the Target Markets
	
	Distance from Jamaica

NM
	Cost in Jamaica  $/MMBTU
	Tariff, MM $/BTU
	Estimated LNG Cost

in the Market

$/MMBTU

	
	
	Lowest
	Highest
	Storage & Loading
	Transport

From Jamaica
	Regas & Storage in the Market
	Lowest
	Highest
	Average

	USA Cove Point 
	1.404
	2,87
	4,19
	0,3
	0,28
	0,3
	3,75
	5,07
	4,41

	USA 
Everett 
	1.540
	2,87
	4,19
	0,3
	0,31
	0,3
	3,78
	5,10
	4,44

	USA Elba Island 
	1.060
	2,87
	4,19
	0,3
	0,21
	0,3
	3,68
	5,00
	4,34

	USA Lake Charles 
	1.253
	2,87
	4,19
	0,3
	0,25
	0,3
	3,72
	5,04
	4,38

	Mexico 
	1.200
	2,87
	4,19
	0,3
	0,24
	0,3
	3,71
	5,03
	4,37

	Guatemala 
	732
	2,87
	4,19
	0,3
	0,15
	0,3
	3,61
	4,94
	4,28

	Honduras 
	619
	2,87
	4,19
	0,3
	0,12
	0,3
	3,59
	4,91
	4,25

	Nicaragua 
	580
	2,87
	4,19
	0,3
	0,12
	0,3
	3,58
	4,91
	4,25

	Panama 
	555
	2,87
	4,19
	0,3
	0,11
	0,3
	3,58
	4,90
	4,24

	Cuba 
	390
	2,87
	4,19
	0,3
	0,08
	0,3
	3,55
	4,87
	4,21

	Dominican Rep. 
	428
	2,87
	4,19
	0,3
	0,09
	0,3
	3,55
	4,88
	4,21

	Puerto Rico 
	597
	2,87
	4,19
	0,3
	0,12
	0,3
	3,59
	4,91
	4,25


As shown, it is expected that the LNG cost in Jamaica, as well as in the target markets, might be competitive compared with the price of the referential fuels (shown in Table 3).
ANNEX Nº 2

Table 2.1 shows the results obtained in the evaluation of possible LNG Export Markets:
Table 2.1 – Assessment of LNG Export Markets – Jamaica LNG Hub
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Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs.

Market  Size 25,4 6 1,52 8 2,03 10 2,54 6 1,52 8 2,03 8 2,03 8 2,03 4 1,02 6 1,52 2 0,51 6 1,52 2 0,51

Price Differential

21,4 6 1,28 6 1,28 6 1,28 6 1,28 6 1,28 10 2,14 10 2,14 10 2,14 10 2,14 10 2,14 6 1,28 6 1,28

Regas and  Electricity 

Generation Facilities

13,0 10 1,30 10 1,30 10 1,30 10 1,30 10 1,30 6 0,78 8 1,04 2 0,26 6 0,78 6 0,78 6 0,78 10 1,30

Spot Sales 8,0 8 0,64 8 0,64 8 0,64 8 0,64 8 0,64 2 0,16 2 0,16 2 0,16 6 0,48 8 0,64 8 0,64 8 0,64

Geopolitics  Risk 9,0 8 0,72 8 0,72 8 0,72 8 0,72 6 0,54 4 0,36 4 0,36 2 0,18 8 0,72 2 0,18 6 0,54 8 0,72

Energy Policy 23,3 10 2,33 10 2,33 10 2,33 10 2,33 8 1,86 5 1,16 5 1,16 2 0,47 4 0,93 6 1,40 8 1,86 10 2,33

SCORE 7,79 8,30 8,81 7,79 7,65 6,63 6,89 4,22 6,57 5,64 6,63 6,77


     ANNEX Nº 3
Table 3.1 – Evaluation of Technological Options for Jamaica Hub
	JAMAICA HUB OPTIONS ASSESSMENT

	Parameter
	Weight
	LNG HUB
	CNG HUB
	NG HUB
	LNG / CNG HUB

	
	
	Relative
	Absolute
	Relative
	Absolute
	Relative
	Absolute
	Relative
	Absolute

	Transportation Technology Maturity
	16,7%
	10
	1,67
	6
	1,00
	6
	1,00
	6
	1,00

	Supply Capacity
	16,7%
	10
	1,67
	6
	1,00
	6
	1,00
	6
	1,00

	Hub Facility Complexity
	8,3%
	6
	0,50
	8
	0,66
	6
	0,50
	4
	0,33

	Market Limitation
	18,0%
	8
	1,44
	4
	0,72
	4
	0,72
	4
	0,72

	Technical Constrains
	12,2%
	6
	0,73
	4
	0,49
	2
	0,24
	4
	0,49

	Major Potential Risks
	9,4%
	6
	0,57
	4
	0,38
	2
	0,19
	4
	0,38

	Costs
	18,8%
	6
	1,13
	8
	1,50
	2
	0,38
	6
	1,13

	SCORE
	7,69
	 
	5,75
	 
	4,03
	 
	5,04


ANNEX Nº 4
Table 4.1 – Criteria Evaluation / Relative Importance Ports
	                         
	Port Facilities
	Area Suitability for a LNG Hub Facilities
	Proximity to 
Off-takers
	Proximity to 
Shore
	Proximity to Urban Centers / Security
	Environmental and Geotechnical Data
	Impact on Protected Natural Areas
	Score

Nº 
	Weight

% 

	Port 
Facilities
	1
	                                                 
	 3/7
	 3/5
	 1/3
	1 2/3
	 1/3
	4,7
	5,7

	Area 
Suitability 
for a LNG
Hub Facilities
	3    
	1    
	1 2/7
	2 1/3
	 7/9
	9    
	 5/7
	18,1
	22,0

	Proximity  to 
Off-takers
	2 1/3
	 7/9
	1    
	2 1/3
	 5/9
	9    
	 5/7
	16,7
	20,3

	Proximity
 to Shore
	1 2/3
	 3/7
	 3/7
	1    
	 1/3
	1 2/3
	 3/7
	6,0
	7,2

	Proximity to Urban 
Centers /Security
	3    
	1 2/7
	1 4/5
	3    
	1    
	9    
	 5/7
	19,8
	24,1

	Environmental and Geotechnical Data
	 3/5
	 1/9
	 1/3
	 3/5
	 1/9
	1    
	 1/3
	3,1
	3,8

	Impact on Protected Natural Areas
	3    
	1 2/5
	1 4/5
	2 1/3
	1 2/5
	3    
	1    
	13,9
	16,9

	
	82,3
	100,0 


[image: image49.png]



November 11, 2010

[image: image50.jpg][image: image51.jpg][image: image52.jpg]


[image: image53.jpg]PRSYNCA

Procesos y Negocios Integrales



[image: image54.png]| AmminaPlant

©) PowerPhant

1 port




[image: image55.png]Caribbean
Sea



