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  U.S. Virgin Islands        

1.1. Executive Summary

The U.S. Virgin Islands is an unincorporated territory of the United States, located in the Lesser Antilles island group between the Atlantic Ocean and the Caribbean Sea, 1,100 miles east-southeast of Miami, Florida.  It has a total population of 112,128 and consists of 65 islands with three primary islands of St. Thomas (pop.52,838) ;  St. John (4,333) three miles east of St. Thomas and St. Croix (57,171) located 40 miles south. 

 The Virgin Island’s primary source of energy is petroleum. Gasoline and diesel fuel are used for the transportation sector and No. 2 diesel and No. 6 heavy oil are used to power steam and combustion turbine driven electrical generators as well as energy for evaporative desalination plants on St. Thomas and St. Croix. Other sources of energy are solar for hot water heating and possible wind and ocean thermal although only solar hot water heating has been developed.  Energy use in the Virgin Islands is typical of all tropical islands with the majority of the energy used for the generation of electricity followed by energy for the transportation sector.  The largest electrical use is for air conditioning and lighting, with the many hotels and resorts catering to the large tourist industry using the bulk of their energy for air conditioning. The Hovensa Oil Refinery, the third largest in the U.S., located on St. Croix furnishes 90% of the petroleum fuel for the Virgin Islands. The refinery is utility self-sufficient and does not utilize either electrical or water service from the Virgin Islands Water and Power Authority. 

Electric System

The Virgin Islands Water and Power Authority provides the electrical service to the Virgin Islands.  The Authority is an instrument of the government of the Virgin Islands and operates as an autonomous entity governed by a nine person Governing Board.  The Board members are appointed by the Governor with the advice and consent of the Legislature.  The Authority serves 51,000 customers and has electrical power plants on St. Thomas and St. Croix.  St. John and two smaller islands near St. Thomas receive electrical service from the St. Thomas power system via underground high voltage cable.  St. John has a small back up diesel generator. The St. Thomas electric plant has 115 MW of installed capacity and the St. Croix plant has 88 MW of installed capacity. Peak electric load in St. Thomas/St. John was 86.3MW and electrical production in 2005 was 555,273 MWh. Peak electric load in St. Croix was 55.5 MW and electrical production in 2005 was 365,541 MWh.   Electric revenue in 2005 was $169.9 million.  System losses from plant to customer meter are 8%.  The Authority is exploring loss reduction measures.  As a comparison, many urban service areas similar to the Virgin Islands usually have losses in the 5.5 to 6.5% range.  

St. Thomas and St. Croix power plants have a combination of older steam turbine and combustion turbine generators. The steam plants are fueled with No. 6 heavy oil and the combustion turbines are fueled with No. 2 diesel oil. Extraction stage steam is taken from the steam turbines to provide energy for the evaporative type desalination plants. This design feature results in plant operations favoring continual use of the steam turbines. When extraction stage steam is not available, steam from the boilers is used for the desalination plants. It is calculated that approximately 10% of the heat energy produced with the boilers at the plants is used for the desalination plants. The water department is charged for this energy. 

There are waste heat recovery boilers at both the St. Thomas and St. Croix plants that capture exhaust heat from the combustion turbines for use in the steam turbines or the desalination plants. The Authority normally operates several units at partial load for spinning reserve purposes to assure generation capability in the event of a unit failure. This reliability measure causes system efficiency to suffer since all machines are not able to be operated at their optimum efficiency loads.  Generating system efficiencies are in the range of to 25%, a figure much lower than most other U.S.- Affiliated Insular Areas. 

Other types of generating technologies such as large slow speed diesel engines have efficiencies in the range of 39% as has been brought to the Authority’s attention by the Public Service Commission (PSC).  The PSC, who have jurisdiction over the Authority in setting tariffs, has recently challenged the Authority about the efficiency of its generating plants.  The PSC has encouraged the Authority to consider replacing existing lower efficiency units with large low speed diesels.  The Authority feels it is unable to do so because of existing embedded costs, the; poor financial condition of the Authority for financing replacement generation at this time,; the need for multiple units operating for reliability purposes,; the need for steam for desalination plants from existing units, and a serious concern that the diesel engines could not obtain an EPA permit due to excessive NOx and particulate emissions.  A major study performed for the Authority recommended that when a new generating unit is required for capacity purposes, then alternative technologies should be considered. The Authority is adhering to this recommendation. 

The fuel source for the Authority is the Hovensa oil refinery.  Pricing is advantageous for the Authority, being based on average cost of crude delivered to the refinery or $2.00 less than New York harbor landed fuel of the same type, which ever is less.  The Authority is paying $70 per barrel for fuel in mid 2006.  The Authority is exploring the importation of liquid natural gas as a fuel for their generating plants. The Authority is also considering the option of burning petroleum coke in their steam plants.  Petroleum coke is a lower cost fuel and readily available from the Hovensa Oil Refinery.  It is an alternative that should be explored. These investigations into alternative fuels are appropriate, but increasing the efficiency of converting fuel to electricity should accompany any study considering a change of fuel.

On St. Thomas three-34.5 kV feeders deliver power from the plant to the three 13.8 kV distribution substations.  There are six 13.8 kV distribution feeders from the St. Thomas Krum Bay Generating Station and a total of nine distribution feeders extending from the three 34.5 kV/13.8kV substations.  On St. Croix there are nine distribution feeders extending from the Estate Richmond Generating Station with six operating at 13.8 kV and three at 24.9 KV. The Authority maintains a program to check power factor on the distribution lines and installs capacitors as necessary.    

The electric rates in the Virgin Islands range from 31 to 34 cents per KWh.  The high cost of fuel plus the low efficiency of the generating units are the cause for the high electric rates as compared to other similar U.S. Affiliated Insular Areas.  

With the present cost of energy at $70 per barrel and rising, continued analysis should be made to determine the optimum time to install generating technology that has a higher efficiency.    

The Virgin Islands could gain fuel efficiencies by working with many hotels and resorts in the installation of distributed generation associated with capturing waste heat for hot water and air conditioning purposes.  To be effective, it would be necessary to adopt “net metering” rates that would allow the generators located at the hotels and resorts to be able to sell excess energy back into the power gird, assuming the generators were owned by the hotels or resorts and not the Authority.  A partnership with the hotels and resorts wherein the Authority furnishes the fuel in exchange for energy produced from the electrical generation component of the package could serve to be advantageous to both the Authority and the hotel/resort. 

Although no discussions were held with the Hovensa oil refinery regarding possible cogeneration opportunities, it is noted that many refineries have excess electrical generating capability and often seek opportunities to sell energy off system.  This opportunity should be explored if legally possible since it seems feasible that the Hovensa Oil Refinery with its large facility and its access to petroleum coke and other fuels, could benefit from selling electrical energy to the Authority for costs below the Authorities existing cost of generation. 

Demand Side Efficiency Improvement and Energy Conservation

Both WAPA and the Virgin Islands Energy Office (VIEO) have been supporting DSM and energy conservation for many years. The VIEO was formed by Executive Order and legislation in 1987 made it statutory. The VIEO receives funding from the USDOE State Energy Program (SEP). 
Electrical Metering/Tariffs

All customers are metered and no prepayment meters are used. The USVI has one of the highest electricity rates in the islands assessed. The high rate improves energy efficiency but does put a burden on low-income households but that is somewhat relieved by the VIEO through the Low Income Home Energy Assistance Program (LIHEAP) that provides direct financial assistance for electric bills to low income families. Though a tiered structure for residential rates can provide incentives for energy efficiency, the percentage difference between tiers needs to be fairly large. The substantial fuel surcharge that is added onto the base tariff has the effect of reducing the percentage difference between tiers and the effect of a tiered structure on energy efficiency is probably not great in the USVI.
Household Energy Efficiency Measures

The average household electricity use is approximately 500 kWh/month. Programs by VIEO and WAPA to upgrade household lighting with CFLs replacing incandescent lights need to be continued. Over 50% of households have some sort of air-conditioner and programs that advocate improved maintenance and the replacement of low efficiency units by those with a higher EER can provide considerable fuel savings.
About ⅓ of the USVI households cook with electricity. It is recommended that WAPA, the VIEO and the local LPG distributor cooperate in a program to encourage replacement of electric cooking by gas in order to lower the evening peak for WAPA and to improve fuel use efficiency.

There should be continuation of programs for home energy audits, public information, air-conditioner maintenance and other VIEO and WAPA household DSM programs. If funding can be made available they should be expanded to assist households finance low efficiency air-conditioner replacement by high EER units.
Government and Commercial Sector Buildings

The VIEO monitors government department energy use and works to assist departments to improve energy efficiency. The VIEO should seek strong action from the top level of government for departments that do not meet reasonable energy efficiency criteria. Existing standards for government energy efficiency should be enforced.
The commercial sector load is largely refrigeration for air-conditioning and food storage. Water heating and lighting are also major loads within the commercial sector.
Building Energy Efficiency Standards

Government buildings have energy efficiency standards, though they are not rigidly enforced. The VIEO has responsibility for developing building codes and standards and tabled a proposed building code based on Guam and Hawaii codes in 2003. The code was not accepted though the 2003 analysis showed that the cost of enforcement was much less than the benefits. At 2006 energy prices, the benefits should be substantially greater. The VIEO should continue to work for energy code acceptance since that can produce major long term benefits and is one of the most cost effective actions for overall energy efficiency improvement and fuel savings that is available to the Virgin Islands.
Appliance Energy Efficiency Standards

Major appliances imported into the USVI usually have U.S. energy efficiency labels. However the cost of appliance operation that is prominently displayed on the labels is much lower than the USVI cost because the much lower U.S. Mainland electricity price is assumed for the labels. It is recommended to use an overlay label or other method of informing consumers that the cost estimation on the label is about ¼ the actual cost in the USVI.
Government purchases are subject to energy efficiency standards though they are not well enforced so enforcement should be improved. For consumers, a tax that brings inefficient appliances to the same or higher price as efficient appliances of the same type could improve the average efficiency of both domestic and commercial air-conditioners that are in use.
Energy Audits, Performance Contracts

It is recommended that the VIEO work with WAPA to conduct a survey of larger energy users in the Virgin Islands to roughly determine the size of the market for ESCO services. If there is insufficient market to form an ESCO locally, contact should be made with ESCOs on the mainland who have experience in the islands to propose that they work with local architectural/engineering firm partners to service the energy efficiency improvement needs of the Virgin Islands.

Transportation Sector

Most transport is by private vehicle. VITRAN is the primary public transport system. It operates scheduled buses on fixed routes between urban and residential areas. “Safaris” (pickup trucks modified with bench seats, open sides and a canopy cover) provide urban area transport for both tourists and local residents.  To improve vehicle fuel efficiency, the VIEO has prepared and distributed a manual for the maintenance of fuel efficiency in vehicle fleets though its effect is not known.    

To achieve long term transport fuel efficiency improvement, replacing the existing vehicles with more efficient ones is the most likely to provide long term benefits. Incentives to purchase high fuel efficiency diesel or hybrid cars as well as tax policies that increase taxes on the sale of low efficiency vehicles can act to increase the overall transport fuel efficiency and are recommended.  
Government regulations require that vehicles purchased by government be selected on the basis of life-cycle cost, not first cost. That regulation should be rigorously enforced.
Renewable Energy
The government has recognized the importance of renewable energy through several laws promoting its use and protecting the users of solar and wind energy from blocking of the resource by neighbors.

The VIEO is the office responsible for renewable energy promotion and it maintains significant programs for demonstrating and supporting renewable energy development. This assessment found the VIEO to have the greatest capacity of all the assessed islands to develop energy policy and to properly deliver projects, programs and services.
Solar

The solar resource in the USVI is very good, better than most of the other islands assessed. There is some variation from place to place due to island micro-climates that increase the chance of local cloud formation.
The VIEO has a beneficial working relationship with the Florida Solar Energy Center (FSEC) for solar development and the trasfer of technology to the USVI has been substantial.
Solar Thermal

Solar thermal for electricity generation is not considered an economically appropriate technology for the USVI.
Solar thermal energy for water heating is commercially viable in the Virgin Islands and is routinely installed on USDA or HUD financed homes. Their penetration into the domestic and commercial markets is not known though they have been installed in significant numbers. The VIEO has shown, through monitoring programs, that even with a $3,000 installation cost, pay-back on the order of 4-7 years is likely.
It is recommended that WAPA look into the bulk purchase of solar water heaters and market them as a replacement for electric water heaters through a “fee for service” arrangement whereby WAPA installs the solar water heater and the customer pays a fixed fee every month for their use – essentially renting the solar water heaters. Also a “lease-purchase” arrangement should be considered, particularly for commercial customers where there may be tax advantages for leasing over direct purchase.
The VIEO should continue to promote solar water heating to commercial users and households and assist prospective purchasers locate finance for their installation.
Solar Photovoltaics

There is little opportunity for off-grid solar PV but with the high price of WAPA power, grid connected PV is getting close to being competitive. To encourage private investment in grid connected PV, it is recommended that WAPA adopt true net metering (energy going into the grid is the same price as energy from the grid) for private, household PV installations of 10 kWp and smaller. Without net metering, private investment in solar at the household level is much less cost effective since most of the solar energy is produced in the middle of the day when household use is typically low. Adding a battery so the energy is stored for night time use adds greatly to the system cost. With net metering, the PV system feeds surplus energy into the grid and helps offset the mid-day load peak; then, at night, the house load draws that “banked” energy back from the grid as needed in the home. For household grid connected PV, it is unlikely that the house system will generate more energy than is used by the household so the end effect is energy conservation for the house, not a mini-IPP selling power to the WAPA.
The number of households that are allowed to connect PV to the grid should be limited so that no more than 20% of the mid-day load can be covered by solar under full sun conditions. That level of solar PV input is unlikely unless either PV prices fall or energy prices rise substantially.

It is recommended that WAPA install several 4-5kWp rooftop mounted grid connected solar PV systems to gain experience and confidence in the technology.
The VIEO has assisted a number of households install relatively large PV installations that are in effect a whole-house back-up power system. The installations are technically grid connected but do not delivery power to the grid, the surplus energy is stored in batteries. Should WAPA accept net metering for household PV installations, the cost effectiveness of the installations would be greatly improved. It is recommended that WAPA consider the Sacramento Municipal Utility District (SMUD) model for structuring a roof-top PV program.
Wind

There has been considerable effort put into researching the wind resource in the USVI but a full resource assessment has not yet been carried out. In 2006, WAPA accepted a tender by a Missouri company’s to install a wind farm on St. Croix but the negotiations fell through, apparently because an agreement could not be reached regarding hurricane risk assignment.

Analysis of the considerable data available indicate that there is an economically developable wind resource but the risk of hurricane damage to wind farms has not been included in the analysis. It is recommended that there be a determination of the added cost of hurricane risk mitigation for wind power development considering both tilt-down type machines and fixed machines engineered to survive full hurricane force winds and associated flying debris. Once that information is available, the economics of wind development can be better determined and, if the economics looks reasonable at the current price of electricity production by WAPA, a project proposal can be prepared for funding.
Hydro

There are no economically developable hydro sites in the Virgin Islands.
Biofuel

Sugar cane was once a major crop but has long been out of commercial production. The high cost of labor and land in the Virgin Islands makes it unlikely that biofuel production can compete with fossil fuels until the cost of imported fuel is substantially higher than in 2006. It is recommended that the VIEO continue their studies regarding the possibility of biofuel production, however.
Biomass combustion and gasification

At the time of assessment, there is little agricultural processing and therefore little biomass concentrated in a small enough area to make its use for energy economically reasonable. Should large scale biofuel production in the USVI become a reality, the waste from the processing of the biofuel plants could be used to produce process heat and electricity with any surplus sold to GPA.
Biogas

There was little use of biogas digesters at the time of the assessment. It is recommended that the VIEO continue its efforts to interest local animal and poultry farm owners in investing in biogas digesters. It is suggested that the VIEO bring all the commercial animal and poultry farm owners together to work out a group purchase and installation process. This would make the individual cost lower since shipping of equipment and installation supervision by suppliers will be less costly.
Analysis by consultants has indicated that landfill gas can be an economically reasonable energy source for power generation on St. Thomas and St. Croix. Its development is recommended.

Sewer treatment plants should also be examined for the possibility of economic generation of biogas for energy production. When new sewer treatment plants or upgrades for existing plants are being planned, consideration of biogas collection should be considered and if economically reasonable, included.
Geothermal

There is no known developable geothermal energy in the Virgin Islands.
Ocean Energy

Considering the present state of technical development, no ocean energy source is recommended for use in the USVI though the progress of commercial development of OTEC, wave energy and tidal flow energy should be followed closely and if energy conversion devices become commercially proven that can operate under the USVI conditions – including the risk of hurricane passage – they should be considered for power generation.

1.2. GENERAL

The U.S. Virgin Islands is an unincorporated territory of the United States, located in the Lesser Antilles island group between the Atlantic Ocean and the Caribbean Sea.  The U.S. Virgin Islands consists of three major islands, St. Thomas, St. John and St. Croix and 65 other mostly uninhabited, islets and cays.

1.2.1. Location, Population and Geography

The U.S. Virgin Islands are located 1,100 miles east-southeast of Miami, Florida, and 1,600 miles southeast of New York City at 18°20’ N Latitude and 64°50’ W Longitude.  The island of St. Thomas is approximately 40 miles east of Puerto Rico and St. John is three miles east of St. Thomas. The British Virgin Islands are located less than three miles northeast of the island of St. John. Charlotte Amalie, the capitol of the Virgin Islands is located near the  enter and along the southern shore St. Thomas. The island of St. Croix is 40 miles  directly south of its sister islands St. Thomas and St. John and lies fully within the Caribbean Sea at approximately 170 45'N Latitude and 640 45’ W Longitude. It is the easternmost point in the United States with Point Udall being at the eastern tip of the island.  

The Virgin Islands has a population of  112,128, distributed among three major islands: St. Thomas (52,838), St. Croix (57,171), and St. John (4,333).  The population has been growing at the rate of 0.6 percent per year.  This growth rate is expected to continue at the historical rate of 0.6 percent.  The Virgin Islands are experiencing slight out-migration to the U.S. mainland for educational and job opportunities and the per capita birth rate has declined slightly in recent years resulting in the relatively low growth rate as compared to years past.  However, there are also indications of increasing numbers of people migrating into the Virgin Islands to live and enjoy the Caribbean tropical environment and to follow the improving economy of the Virgin Islands. Therefore there is anticipation of possible increased growth.  

1.2.2. Geography

The island of St. Thomas is 32 square miles and the island of St. John is 23 square miles in size.  They are both distinguished by a rugged, mountainous topography with numerous sandy beaches and inlets along the shoreline.  St. Croix is the largest in area at 84 square miles and is known for its rolling hills and broad central plain which separates the relatively dry east end from the more tropical west end.  Moist and dry forest cover 46% of the land mass of St. Thomas, 61% of the land mass of St. John and 10% of the land mass of St. Croix.  St. Thomas can be characterized as an urbanized island with only a few undeveloped areas remaining. This is in contrast to St. John, where two thirds of the land area is a U.S. National  Park, the result of action in 1956 when approximately 5,000 acres of St. John were donated to the U.S. government for a National Park. In the years 1960, 1962, and 1978, additional land was purchased on and offshore to protect the coral reefs and other historic places from commercial or private destruction.  The Virgin Islands are an important location along the Anegada Passage which is a key shipping lane for the Panama  Canal.   St. . Thomas has one of the best natural deepwater harbors in the Caribbean.  

1.2.3. Island Geology

The Virgin Islands are volcanic islands, part of a sub-marine mountain range which includes the larger islands of the Greater Antilles and the Lesser Antilles. This chain of islands begins with Cuba and ends with Trinidad, off the coast of Venezuela.   The Virgin Islands have a relatively clear geologic record stretching back some 100 million years to the late Cretatious period. This places the earliest stages of island building at a time when the major continents were probably much closer together. The long process of undersea mountain building and uplift brought sub-marine ridges and peaks to the surface where periods of explosive volcanism alternating with centuries of coral reef deposits, changing sea levels and further intrusion created the formations seen in the Virgin Islands at the present time. 

The first stages of island development took place underwater. These first volcanic flows were later uplifted and exposed. The oldest exposed rocks are still recognizable as separate flows. Known as the Water Island Formation, they include examples of pillow lava.  Four subsequent stages in the development of the Virgin Islands followed the Water Island Formation. The Roisenhoi Formation was a time of explosive shallow water and subaerial volcanism. The material of this formation contains extensive explosive volcanic products such as andesite and tuff (solidified ash).  The close of the fiery second phase development was followed by a period of relative serenity during which sediments from coral and the skeletons of planktonic creatures slowly accumulated on the slopes of the older volcanics as a dark-colored limestone.   

1.2.4. Climate and Environmental Hazards

The climate of the U.S. Virgin Islands can be characterized as subtropical, tempered by easterly trade winds, relatively low humidity and little seasonal temperature variation.  The rainy season is from September to November.  Daily temperatures range from a low of 80°F to a high of 89° F.  The Virgin Islands annual rainfall is 40 inches per year with September and May being the rainiest months. The Virgin Islands experience frequent and severe droughts along with occasional floods.  There are also occasional light earthquake tremors but none have been significant.  The vegetation runs from cactus and scrub on the eastern end to a rain forest in the northwestern section of the island.  Moderate year-round 70-80 per cent humidity with constant easterly trade winds create an ideal year-round climate.

The Virgin Islands are subjected to frequent threats of hurricanes.  Hurricane Hugo in 1989 and Hurricane Marilyn in 1995 caused extensive damage.  Several other hurricanes over the past 20 years have caused minor damage but not the catastrophic damage that occurred with Hugo and Marilyn.  

1.2.5. Energy Sources

The Virgin Islands are almost exclusively dependent on petroleum for their energy requirements. Approximately 68% of the energy consumed is in the form of electricity.  All electricity is produced from the burning of petroleum fuels, specifically, either No. 6 or No. 2 oil. The HOVENSA Oil refinery currently accounts for providing over 90% of the petroleum energy for the islands. A very small amount of petroleum fuel is furnished from Puerto Rico. HOVENSA Oil refinery is self-sufficient with respect to fuel, electricity and water supply and is not interconnected with the Virgin Islands Water and Power Authority.  

The distributors of fuel in the U.S. Virgin Islands are primarily ESSO and Texaco.  The HOVENSA refinery is also a major distributor of diesel fuel – supplying diesel directly to various industrial units like the Cruzan and Brugal Rum Distilleries, some construction companies and the Virgin Islands Water and Power Authority.   There are also local distributors of LP gas on each of the three main islands.

There is currently very little renewable resource use in the Virgin Islands except for a small percentage of homes using solar water heater.  The potential exists for a small percentage of the energy needs to be met with renewable sources of various forms. 

Solar water heating is the most cost-effective renewable source that can make the greatest impact in the near term in the reduction of fossil fuels. There are several systems installed in the U.S. Virgin Islands but the number does not make a major impact on the use of fossil fuels.  

Wind systems have some potential although the wind resource is less in the Virgin Islands as compared to locations at higher latitudes. The Virgin Islands Water and Power Authority had recently sought bids from private parties to install a wind power system on St. Croix.  One firm submitted a proposal for the installation of 20 mWe from 15 towers to be located on the southeast corner of St. Croix.  The Authority initiated negotiations, but the firm withdrew from these negotiations due to technical, financial and hurricane risk issues.  There is considered potential for wind power but it will require careful analysis of the technical, financial and storm risks.  

Biomass has only limited potential because of limited land availability and relatively arid climate. No biomass renewable energy system was reported. 

Hydroelectric potential is limited because of the terrain and climatic conditions of the U.S. Virgin Islands. Water supply is itself is a critical problem for the islands.

1.2.6. Energy Uses

The major form of energy utilized by residents in the U.S. Virgin Islands is electrical energy.  The electricity is produced almost exclusively by oil-fired generators using two different types of fuel, No. 6 heavy fuel oil and No. 2 diesel fuel; both obtained from Hovenza refinery on St.Croix. Electrical energy has historically represented approximately 68% of the energy use on the islands, exclusive of the energy used at the Hovenza refinery.  The second major energy form utilized in the Virgin Islands is the chemical energy found in diesel fuel.  Historically this source contributed to 20% of the energy needs.   Gasoline consumption historically has represented approximately 7.0% of energy consumption.  Propane gas (LPG) is available on the islands and is used mainly for cooking and water heating. This is usually less than 1.0% of total energy consumption.   Aviation fuel use historically represented about 4% of the energy usage.  

1.3. HISTORY, POLITICAL DEVELOPMENT AND PRESENT STATUS

1.3.1. Early Island History

The first inhabitants of the Virgin Islands were peaceful Indians, Arawaks and Ciboneys, who arrived around 300 A.D. and settled here for more than 1,000 years.  They were later replaced by the Carib Indians.  Columbus discovered the Virgin Islands on his second trip to America in 1493. Enchanted by the beauty of all the many islands scattered across the Caribbean, Christopher Columbus named them in honor of Saint Ursula and her legendary 11,000 martyred Virgins. The histories of many nations and the peoples of various tribes throughout the Caribbean have played a dominant role in the creation of the U.S. Virgin Islands as a political entity.  Because of these influences, the U.S.Virgin Islands throughout its history, has both prospered and suffered. The individual flags of Spain, England, Holland, France, the Knights of Malta, Denmark and the United States have flown at one time or another over the U.S. Virgin Islands. Though Spain claimed most of the Caribbean islands through Columbus’ explorations, she made little effort to colonize or develop them.  And, in the centuries that followed, the islands and the Caribbean area in general served the fleets of the world; the Admirals, privateers, treasure-seekers, slaves and settlers sought sugar, rum, spices, cotton and gold; thus explaining the many and varied influences in the U.S. Virgin Islands history. 

During the 17th century, the archipelago was divided into two territorial units, one English and the other Danish.  As Europeans settled in the Virgin Islands in the early 1700s they built plantations for the production of sugar and cotton, utilizing the labor of slaves, mostly from Western Africa. In 1733, a slave revolt resulted in heavy casualties on the islands. In 1848, another slave revolt took place resulting in the slaves being emancipated by the Danish governor at that time. The farming industry declined significantly thereafter until 1875 when a new variety of sugar was introduced. 

The 18th century Danish architecture with its gingerbread-adorned Victorian style is a strong, still-visible reminder of the not too distant past, and a scattering of sugar mills and greathouses from the plantations combine to give the islands an old world flavor.  To this day, U.S.Virgin Islands retains the Danish land survey, which constitutes the legal description of the property rights; all plots or parcels of land are described by the owner.
1.3.2. Recent Island History

As the twentieth century dawned in the Virgin Islands, poor farming methods resulted in the continued decline of the farming industry until the early 1900s when major rum production began.  In 1917, during World War I, the United States purchased the Virgin Islands from Denmark at an approximate cost of $25 million.   With its good harbor at St. Thomas, the U.S. Virgin Islands experienced some trade due to its location along the passage route to the Panama Canal.  In the later half of the twentieth century the islands began to be a favored holiday and vacation destination for Europeans and Americans.  With the development of the cruise ship industry, the U.S. Virgin Islands have become a major port of call for cruise ships, often with multiple ships in harbor every day, making the tourist industry the leading economic driving force in the islands. 

1.3.3. Political Development 

After the U.S. Virgin Islands were purchased by the United States in 1917 from Denmark, they were first administered by the U.S. Navy.  In 1931 they were turned over to the Department of the Interior for administration.  In 1936, action by the Congress of the United States created the Organic Act and the Virgin Islands became, for the first time, a self-governing state.  In 1954 Congress revised the Organic Act, providing even more home rule for America’s Paradise.  The first Governor, Melvin H. Evans, was elected in 1970.
1.3.4. Present Political Status 

The United States Virgin Islands is an unincorporated territory of the U.S. government under the Revised Organic Act of 1954.  As a territory, most federal laws, rules and regulations are applicable.  The islands are by treaty outside the United States Customs area and therefore many rules pertaining to Customs are different.  Virgin Islanders are United States citizens.  The U.S. Virgin Islands has a non-voting delegate to the U.S. House of Representatives.  Policy relations between the Virgin Islands and the U.S. are under the jurisdiction of the Office of Insular Affairs, U.S. Department of the Interior. There are no first-order administrative divisions as defined by the U.S. government, but there are three islands at the second order: St. Croix, St. John, and St. Thomas.   These three islands are divided into two political districts, St. Thomas-St. John and St. Croix. The voting age is 18.  Virgin Islands residents are U.S. citizens, but do not vote in U.S. presidential elections.  As a territory of the United States, the Chief of State of the Virgin Islands is the President of the United States.  

The Virgin Islands government follows the form of the United States with three branches of government, executive, legislative and judicial.  The three co-equal branches of government manage the local affairs of the territory of the U.S. Virgin Islands. The Governor and Lt. Governor are elected on the same ticket by popular vote for the four-year terms. The legislative branch of the government is a unicameral Senate with fifteen members elected by popular vote to serve two-year terms.  Seven members are elected from St. Thomas, seven from St. Croix and one from St. John. Judicial power is vested in the Virgin Islands Territorial Court and District Court under the 3rd Circuit in the U.S. Federal Court System. The Territorial Court judges are appointed by the governor for 10-year terms.

1.3.5. United States Involvement

As a Territory of the United States, there is substantial involvement by the U.S. in the Virgin Islands.  The islands are subjected to all of the laws, regulations and benefits generally applicable to the states of the U.S.  Particular significant involvement and assistance is provided to the Virgin Islands during hurricane disasters, with FEMA taking a substantial role in providing funding for restoration and mitigation programs.  

1.3.6. U.S. Special Island Programs

As a territory of the United States the U.S. Virgin Islands are eligible for a vast array of programs from the United States.  These include all of the normal U.S. functional support services such as the Weather Bureau, the U.S. Postal Service, Federal Aviation Administration, Department of Transportation, Federal Deposit Insurance Corporation, Department of Homeland Security – including the Federal Emergency Management Agency (FEMA), Rural Utility Services and many others.  One of the major special programs is the assistance available from FEMA during natural disasters. 

1.4. POPULATION, EMPLOYMENT & WAGES

1.4.1. Present Demographics

The population of the U.S. Virgin Islands in 2005 was 112,128 with 57,171 residents living on the islands of St. Thomas and St. John and 54,957 residents on St. Croix.  The civilian labor force was 50,906 and the civilian employment was 47,301.  Unemployment was 7.1%.   There were 23,566 students in grades K through 12 which was a 2.3% reduction from 2004.  There were 323 graduates of the University of the U.S. Virgin Islands in 2005.  

1.4.2. Employment and Job Market

The non-agriculture work force in the U.S. Virgin Islands in 2005 was 42,833, a 0.7% increase over 2004.  The private sector represented 30,514 jobs and the Territorial government represented 11,445 jobs with the remaining in other various sector jobs. 

1.4.3. Gross Domestic Product

In 2005, the U.S. Census Bureau reported that the U.S. Virgin Islands had a GDP of $2.8 billion and a per capita GDP of $18,652.  Tourism, oil refining and the government work force form the core of U.S. Virgin Islands economic base.  It is estimated that tourism accounts for 65 to 70% of GDP and employment.
1.4.4. Personal Wages & Income 

With employment of approximately 43,000, the U.S. Bureau of Labor reports the average wage in the U.S. Virgin Islands is $11.43 per hour.  The mean average is $13.91 per hour and the annual mean average wage is $28,930.  The average wage has increased 1.3% between 2004 and 2005. 

1.4.5. General Business & Commercial Income

Specific information was not able to be obtained for business and commercial income. 

1.4.6. Special Employment or Employers

The Hovenza Oil Refinery on the island of St. Croix is the single company that has the largest employment base in the Virgin Islands.  There are approximately 3,000 employees of the Hovenza Oil Refinery producing approximately 495,000 barrels of refined petroleum products daily. 

1.5. ISLAND ECONOMY AND INFRASTRUCTURE

1.5.1. General Status of the Economy

After suffering from the devastating effects of Hurricane Marilyn in 1995, the U.S. Virgin Islands economy has generally been moving strongly forward.  Tourism is continuing to be the leading element of the economy.  With added harbor facilities to accommodate more cruise ships, the general economic future looks bright.  Future growth is anticipated by the addition of new hotel properties, new developments for homes and condominiums and an improved United States economy.  In addition, the new pier at Frederiksted in St. Croix will encourage a growing cruise ship trade and will also accommodate the U.S. Navy as an R & R destination. The islands hosted 2.6 million visitors in 2005, including cruise ship excursionists and tourists. The manufacturing sector consists of petroleum refining, watch assembly, textiles, electronics, rum production and pharmaceuticals.  The agricultural sector is small, with most food being imported. International business and financial services are small but growing components of the economy are a focus of economic development programs. One of the world's largest petroleum refineries is at Saint Croix. The islands are subject to substantial damage from storms. The government is working to improve fiscal discipline, to support construction projects in the private sector, to expand tourist facilities, to reduce crime, and to protect the environment.

In 2001, a new territorial law added incentives for attracting new businesses to the islands. Service businesses, such as financial service providers, were sought to help diversify the economy. This incentive program is operated by the territory's Economic Development Commission (EDC). The enhanced provisions of 2001 attracted many businesses to the U.S. Virgin Islands, bringing large amounts of startup capital funds to build infrastructure and housing units resulting in an estimated $100 to $200 million in additional revenues for the Virgin Islands Treasury.

1.5.2. Major Employment Sectors

Tourism is the major industry of the U.S. Virgin Islands with oil refining, rum production and watch assembly following in order of significance.  In 2005 there were over 1.9 million tourist visitors to the Virgin Islands.  Over 850 cruise ships arrived at the ports in St. Thomas and St. Croix in 2005, with 814 of those in St. Thomas.  

1.5.3. Electric System

The electrical service for the Virgin Islands is provided by the Virgin Islands Water and Power Authority, locally known as WAPA and officially referred to as the Authority.   The Authority was created in 1964 and is an instrument of the government of the Virgin Islands for the purpose of providing water and power utilities.  It is an autonomous entity governed by a nine person Governing Board.  The Board members are appointed by the Governor with the advice and consent of the Legislature.  Three members are selected from among high-ranking executive branch officials and of the remaining six selected by the Governor; three members must reside in the district of St. Thomas/St. John and three in the district of St. Croix. Board members are appointed for three year terms and serve at the pleasure of the Governor.  

The Authority serves approximately 51,000 residential, commercial, industrial and governmental customers for a population of approximately 112,000 throughout the three major and two smaller islands of the group. Electric revenue in 2005 was $169,900,000 of which $98,948,022 (58%) was for fuel. 

The Board has responsibility for all aspects of the Authority including issuing debt, engaging in system development, and all aspects of operation, budgeting and purchasing.  The Authority is subject to the jurisdiction of the Virgin Islands Public Utility Commission, a governmental agency established by the Virgin Islands Legislature for oversight and approval of the Authority’s rates.

The Board selects the General Manager, who is responsible for all employment and other matters of the Authority. Non-supervisory employees are represented by the Virgin Islands Employees Union. There are approximately 500 employees in the electric utility and 300 employees in the water utility.

St. Thomas and St. Croix each has its own electrical supply system.  St. John’s electrical power is supplied by undersea cable from St. Thomas, and also has an emergency diesel generator for stand-by power.  Water Island and Ressel Island, each located one half mile off the southern coast of St. Thomas, are also served by underwater cable from the St. Thomas electric distribution grid.  

The electric utility has total assets of $334.2 million; liabilities of $228.5 million of which $160.8 million is long term debt; and total net assets of $105.7 million of which $69.1 million is invested in capital assets, net of related debt and $17.75 million is in restricted assets.  

1.5.4. Water and Wastewater Systems

Water Production Facilities 

The Authority operates eight Multi Effect Distillation (“MED”) desalination units to produce potable water.  Four MED desalination units are located at the Randolph E. Harley Generating Station in St. Thomas and four MED units at the Estate Richmond Generating Station in St. Croix.  To produce potable water, the desalination units require both high pressure (150 psi) steam and low pressure (26 psi) steam. This steam is extracted from the steam turbine generating units or supplied in part by the waste heat boilers.  The water distribution is provided by the Authority and serves approximately 11,000 customers.  The system extends throughout the lower elevations of St. Thomas with the upper elevation areas dependent upon individual home or business catchment systems with large cisterns for storage of water.  A local service industry of delivery of water purchased from the Authority services homes and businesses when their catchment systems run low.  St. John’s water system is primarily catchment systems with some local wells.  The water distribution system for St. Croix is more extensive than that on St. Thomas due to the more level terrain.  An estimated 90% of the homes in St. Croix are served by the Authority’s water distribution system. 

Wastewater system

The wastewater system is operated by the Virgin Islands Public Works Deptartment.  There are two wastewater treatment plants on St. Thomas. The wastewater collection system in St. Thomas and St. John is fairly complete at the lower elevations but at elevations much in excess of 300 feet, most homes and businesses utilize septic systems. The wastewater collection system on St. Croix is more extensive, serving an estimated 85% of the homes and businesses.  Homes and business not served by the wastewater collection system utilize septic systems. 

The solid waste operations - collection and disposal - on all three islands are under the direction of the Department of Public Works. Additionally, litter enforcement and training are provided by DPW. Solid waste collection is a combination of curbside collection and roadside garbage bins. The solid waste collected is disposed of via landfill. Land limitations may adversely affect this method of disposal in the future. There are no landfill gas recovery systems on the landfill sites, nor are there any waste-to-energy facilities at the landfill sites.  

1.5.5. Transportation

The main transportation system in the Virgin Islands is private vehicles.  Most vehicles are a typical mix of American, European and Japanese vehicles, of generally larger size, with U.S. standard left hand drive configuration, although road traffic follows the British left side travel.  There is a public transit system utilizing standard size municipal buses in St. Thomas and St. Croix.   There is also an “on-demand” taxi transportation system for the local population which also serves the large numbers of tourists, especially cruise ship tourists. A large part of the “on-demand” service is provided by the substantial number of open air type vehicle carriages which are 12 to 20 person carriages built into and mounted on the back of late model pickup trucks and one ton trucks.  There is also a good standard automobile based taxi service. Many of the hotels and resorts also have their own vans for guest transportation. There is no rail transport system. The road system is reasonably good, although crowded when the tourist population is heavy.  

Between islands there are ferry boats, regular smaller land based aircraft and also a good, frequent small seaplane service for intra-island service.   

1.5.6. Port and Port Industries

The sea ports of the Virgin Islands are major elements in sustaining the primary industry of tourism in the Islands.  Each island has major sea ports that provide berthing space for cruise ships arriving on a daily basis.  In 2005 814 cruise ships docked in St. Thomas and 48 docked in St. Croix.  St. Thomas had a decline from 922 cruise ships in 2004, but there had been 949 and 909 arriving cruise ships in 2000 and 2001 respectfully.  St. Croix experienced an increase in 2005 from 11 cruise ships in 2004 and 25 in 2003, a number which had declined from an average of 139 and 138 arriving cruise ships in 2000 and 2001. In 2005, 1,910,000 cruise ship passengers arrived in St. Thomas/St. John.  St. Croix had 54,500 cruise ship visitors in 2005, a decline from 237,400 cruise ship passengers arriving in 2001. 

The Virgin Islands Port Authority (VIPA) owns and manages the sea and air ports located in the U.S. Virgin Islands. Its mandate is to promote the wise use of these facilities for the betterment of the Virgin Islands and its people, and to assist the government of the Virgin Islands in fostering and sustaining sound economic development. The Port Authority operates two major ports on the island of St. Croix: the Ann E Abramson Marine Facility in Frederiksted, and the Gallows Bay Dock in Christiansted.  The VIPA plans a major commerce/business park on a 100 acre site, located south of the Henry E. Rohlsen International Airport on St. Croix.  

There are two cruise ship ports on St. Thomas, the Crown Bay Cruise Ship Port and the West Indian Company Dock. The West Indian Company Dock is the main cruise ship port on St. Thomas. It is owned by the Virgin Islands government Public Finance Authority and managed by the West Indian Company Ltd.  The length of the dock is 2,730 feet with depths ranging from 30 to 34 feet. It can berth up to three cruise ships simultaneously including Eagle-class vessels. 

The Port Authority owns and operates the Crown Bay Cruise Ship Port, which is the second main cruise ship port on St. Thomas.  Crown Bay has two docks which can accommodate three cruise ships simultaneously. The Port Authority has recently invested over $28 million to develop the Crown Bay Cruise Ship Port into a first-class facility for cruise ship patrons.  

In addition to the various major cruise ship dock facilities, St. Thomas also has major waterfront dock facilities in downtown Charlotte Amalie. This facility is owned and operated by the VIPA.  

On the island of St. John there are two dock facilities: the St. John Cargo Dock at Cruz Bay and the recently developed Enighed Pond, also at Cruz Bay.  Both of these facilities are cargo docks, but the St. John Cargo Dock is also used by passenger vessels. 

1.5.7. Airports and Aviation Industries

There are two major airports in the U.S. Virgin Islands: the Cyril E. King Airport in St. Thomas and the Henry E. Rohlsen International Airport in St. Croix. Nearly all of the major airlines fly into the Virgin Islands with American and American Eagle carrying the largest number of passengers, followed by Delta, U.S. Air, Continental,  and United Airlines. There are numerous other small airlines that provide service throughout the Caribbean region that operate through the two airports.  In 2001, the latest year for which complete numbers were available, there were 30,946 landings with approximately 587,000 arriving and 595,000 departing passengers at the Cyril E. King airport in St. Thomas.  

1.5.8. Communication System 

The telephone, both land and cell based, cable television and internet services are provided by Innovative Communication Corp.  There are approximately 71,000 land based access lines providing the full range of communications services to the Virgin Islands. At present AT&T offers long distance telephone service via undersea cable, microwave and satellite connections. It is also making available locally its communication systems and dedicated services for interested businesses.

The U.S. Postal Service serves the U.S. Virgin Islands with mainland rates. Overnight Express Mail is available from most major mainland cities, with second day service from anywhere in the U.S. Postal System.  Federal Express, United Parcel Service and DHL have local offices.

There are two daily newspapers, The St. Croix Avis and The Virgin Islands Daily news.  The New York Times, Wall Street Journal, USA Today, the Miami Herald and the San Juan Star, as well as other newspapers and periodicals, are flown in daily.

Network and cable television offer about 57 channels of programming, including direct satellite transmission of news and sports.  Locally, WSVI-TV Channel 8, VI Public TV Channel 12, TV-2, UPN-27, and 2 Puerto Rican TV stations are available. There are approximately 30 AM and FM radio stations providing programming formats to please a variety of listeners.
1.5.9. Tourism Industry

In 2005 there were 2,605,000 visitors to the U.S. Virgin Islands, a decline from 2004 of .6%.   Cruise ship excursionists represented 1,912,500 visitors and tourists to the islands with extended stays represented 574,000. This was an increase of 5.7% over 2004.  Income from visitors was $1,495 million, a 10.1% increase from 2004, with income from excursionists being $863 million, a 9.4% increase, and income from tourists of $629 million, an 11.1% increase over 2004.

1.5.10. Major Industry

Other than tourism, the other major industry is the HOVENSA Oil Refinery.  Located on the island of St. Croix HOVENSA is one of the largest and most modern oil refineries in the world with a refining capacity of approximately 490,000 barrels of crude oil per day. Most of the refined product is exported to the United States mainland.  The HOVENSA refinery is a joint venture between Hess Corporation and the Venezuelan Nationalized oil company, Petroleos de Venezuela, S.A. (PDVSA).  The joint venture creating HOVENSA was completed in 1998 with special agreements with the Virgin Islands, who provide substantial tax exempt municipal bond funds for the development of the refinery through their Public Finance Authority. HOVENSA employs approximately 3,000 people and provides substantial tax revenue to the government of the Virgin Islands.  The HOVENSA refinery also includes a delayed coking unit (Coker), completed in 2002. The Coker allows for the manufacture of gasoline and heating oil using lower cost, heavy crude oil, which significantly improves the conversion economics.  Petroleum Coke is a byproduct of the Coker unit and is an almost pure carbon fuel source that can be utilized as a low cost fuel for firing in electrical power plants, normally as a supplement fuel in a coal fired power plant. Most of the petroleum coke is marketed to electric utilities in the United States.  Other industries include light industry, such as watch assembly, pharmaceutical manufacturing, some high-tech component manufacturing, small-scale farming, fishing and a dairy industry.  Cattle breeding on St. Croix has developed the docile, hornless Senepol. The Senepol breed has gained a reputation as one of the best warm climate animals with a resistance to ticks and is also recognized as quality beef.
1.5.11. Military 

There are no military facilities or personnel stationed in the Virgin Islands.  The U.S. Navy occasionally docks at the ports in St. Thomas and St. Croix to provide R & R for their crew.   

1.5.12. Other Special Economic Elements 

With favorable U.S. tax laws encouraging the establishment of certain financial businesses in the Islands, there has been a movement of companies, mostly from the U.S., to the Virgin Islands in recent years.  However, abuses of the regulations have resulted in a slow down of the establishment of the financial sector in the islands recently.  Officials are working to clarify the regulations and monitoring system in order to continue the development of the financial industry sector.   The significant and often affluent tourism trade has resulted in the development of an extensive fine jewelry and watch retail sector in St. Thomas. This retail sector contributes substantially to the economy of the island.  Another economic area special to the U.S. Virgin Islands is a result of the unique Caribbean environment of St. John and St. Thomas. The islands have become an attractive location to develop second homes or condo investments.  A luxury home and condo construction industry has developed in recent years and is especially active on the island of St. John. The homes and condos are primarily owned by citizens from the U.S. mainland. 

1.5.13. Manufacturing, Craft, Trade

There are local crafts manufactured in the U.S. Virgin Islands but the industry is not a major income producer for the islands. The watch assembly industry on St. Croix, which once was quite significant, has been in decline in recent years, although still provides employment and tax revenue in St. Croix.  

1.5.14. Agriculture

Agriculture is limited in the islands due to the less than favorable terrain and the soils.  Other than limited local garden products and the Senepol cattle breeding business on St. Croix, there is little other agriculture industry in the U.S. Virgin Islands and nearly all food stocks are imported.  

1.5.15. Aquaculture, Fisheries

With the tourism industry, there is significant activity in sport fishing. There is limited aquaculture activity in the islands.  

1.6. ECONOMIC DEVELOPMENT PLANS AND PROJECTS

1.6.1. General Status of Economic Development Planning

The U.S. Virgin Islands has a strong and active government-directed program of economic development. They have developed plans particularly in the area of tourism, attracting financial and business headquarters to locate in the U.S. Virgin Islands. The USVI Industrial Development Program provides exemptions from nearly all local taxes and a 90% income tax exemption. In order to qualify, a business must invest $50,000 or more in a USVI business and employ ten persons. Initial tax benefits are granted by the USVI Industrial Development Commission for either ten or fifteen years and may be renewed for five year periods. The Industrial Development Program is typically used by hotels, light manufacturing enterprises, and service businesses. Benefits are usually not granted for businesses which primarily serve the local market. USVI resident shareholders of companies which have benefits are also entitled to 90% income tax exemptions. 

Manufacturers which plan to import products into the United States can combine the benefits of the Industrial Development Program with those of a federal law to eliminate U.S. customs duties if there is a sufficient amount of value added to the product in the USVI. 

1.6.2. Economic Development Approach and Special Issues

By the actions taken in infrastructure development and public information programs, it is evident that the general approach by the U.S. Virgin Islands Economic Development programs is to build good infrastructure and develop a focused public relation and information programs to attract the target market. On St. Thomas there have recently been major improvements to several dock areas including the building of a major marina to attract luxury yachts. There are several large resort projects under construction and plans are underway for additional infrastructure.  There have also been recent additions to the dock facilities at St. Croix. 

1.6.3. Focus Areas

The focus of the Economic Development is in the area of tourism and attracting financial and business corporate headquarters to locate in the U.S. Virgin Islands. The various governmental agencies such as the Port Authority focus on the building of ports and docking facilities to accommodate and attract cruise ships, luxury yacht owners, water taxis and transportation services to serve the tourist trade.  

1.6.4. Energy Considerations 

It was not evident from the Economic Development activities of the Virgin Islands that energy issues were a part of the Economic Development process or consideration. 

1.6.5. Economy Diversification

There is an effort to have a more diversified economy and that is evident in the focus of the past few years to attract financial and business corporate headquarters to the island.  Also the fact that the U.S. Virgin Islands is a desired location to build second homes and investment condos indicates that the type of transient visitor to the U.S. Virgin Islands is changing from one of strictly short term tourist to more long term resident with sources of income external to the island. 

1.6.6. Import-Export and Balance of Payments

Exports for 2004 were $7,907 million and imports were $7,547 million. 

1.7. STATUS OF ENERGY SYSTEMS

1.7.1. Major Energy Uses

Major energy uses on the U.S. Virgin Islands are electric power for lighting and air conditioning of residences, hotels, resorts, retail and commercial business, water desalination, land transportation, boating and sea transportation, aviation, cooking and hot water for domestic purposes. The major energy intensive-industry in the U.S. Virgin Islands is the HOVENSA Oil Refinery; however, their energy use is not a part of this report.  

The HOVENSA Oil refinery would not release information on the volumes of fuel provided to the Virgin Islands for this report and no other sources were available with any degree of accuracy.  However, the main use of fuel in the U.S. Virgin Islands is the Virgin Island Water and Power Authority.  Approximately 90% of their fuel energy goes toward the generation of electrical power and the remaining 10% is used to produce water from the Authority’s desalination plants on St. Thomas and St. Croix. In 2005 the Authority utilized 98,823,400 gallons of No. 6 and No. 2 diesel fuel to produce 908,568 MWh of electrical energy for the customers of St. Thomas/St. John and St. Croix. 

1.7.2. Electric Power System 

Organization

The Water and Power Authority (Authority) of the Virgin Islands is responsible for the production and distribution of electrical power in the Virgin Islands.   The Authority was created in 1964 by the government of the U.S. Virgin Islands pursuant to Chapter 5 of Title 30 of the U.S. Virgin Islands Code, as amended by Act 4108, approved on March 1978 and Act 4497 approved on October 23, 1980 (the "Virgin Islands Water and Power Authority Act), for the purpose of developing an adequate electric and water supply for the Virgin Islands.  The Authority owns, operates and maintains electric generation, distribution, and general plant facilities that supply electric power and energy to over 51,000 customers in the U.S. Virgin Islands. The service territory includes the islands of St. Thomas, St. Croix, and St. John. The Authority also provides electric service to Hassel Island and Water Island which are located near the St. Thomas harbor. The customers, sales and electrical loads of St. John Island, Hassel Island, and Water Island are included as part of St. Thomas.  With the exception of a few commercial entities that produce electricity for their own use, there are no electric utilities other than the Authority.  

The Authority also owns, operates and maintains potable water production and storage facilities. These facilities include wells and seawater desalinization equipment, and distribution facilities that supply a portion of the potable water requirements for ultimate distribution and sale. The Authority maintains separate electric and water systems which are independently financed with each system's indebtedness secured by separate and distinct claims on that particular system's net revenues. Common facilities and costs necessary for the production of electricity and water, as well as general administration, are allocated between the Electric System and the Water System.

Description of the System

The electric system is divided between St. Thomas and St. Croix.  St. John is connected to St. Thomas via an underwater cable. The installed capacity on St. Thomas is about 115 MW and on St. Croix about 88 MW. The capacity for some units is derated as steam is extracted for water desalination purposes. The peak loads are 87 MW for St. Thomas and 53 MW for St. Croix. Despite the large reserve electrical power supply margins, the system occasionally experiences reliability problems because of its isolation and because of maintenance difficulties, although recent studies have indicated that the reliability of St. Thomas is approximately 99.9880% and St. Croix is 99.9962%. 

Electricity costs are high by U.S. mainland standards – 31 to 34 cents per kilowatt hour.  Seventy (70%) percent of the Authority’s cost is for fuel.  All electrical generation equipment is oil-fired with either No. 2 diesel oil or No. 6 heavy oil. Fuel oil supply costs have doubled in the past two years to near $70 per bbl, which is the main cause of the relatively high cost of electricity.  

The existing transmission and distribution facilities on the islands of St. Thomas and St. Croix are not interconnected electrically due to the extreme depth of the ocean floor plus the forty mile distance that separates these two islands. Hassel Island, Water Island, and the island of St. John receive electric power and energy from St. Thomas by means of submarine cables. Power is transmitted from the island of St. Thomas to Hassel island, and to Water Island through two 15 kV rated submarine cables that are operated at 13.8 kV, and to the island of St. John through two 35 kV rated submarine cables that are operated at 34.5 kV. A third 35 kV cable that was installed in the 1970s from Cabrita Point (St. Thomas) to Frank Bay (St. John) has been taken out of service following the installation of a new 35 kV cable in early 2004 from Great Bay (St. Thomas) to Frank Bay (St. John). The older cable is available for emergency use at 13.8kV. 

Island of St. Croix

The primary distribution system on the island of St. Croix is a radial configuration with nine feeders all originating at the substation located at the Estate Richmond Generating Station. Six of the nine feeders operate at 13.8 kV, the other three operate at 24.9 kV. 

Island of St. Thomas 

On the island of St. Thomas, the Authority has three sub-transmission lines (Feeder No. 11, No. 12, and No.13) that are operated at 34.5 kV and electrically connect the Krum Bay Generating Station to the Rehelio Hatchette Substation, the East End Substation, the Tutu Substation and the St. John Substation. The East End Substation was dedicated on September 18, 1996 and the St. John Substation was dedicated in December 2004. In addition to the two sub-transmission lines, six distribution feeders originate at the substation located at the Randolph E. Harley Generating Station and primary distribution feeders originate from the four substations: three from the Rehelio Hatchette Substation, three from the Tutu Substation, three from the East End Substation and three from the St. John Substation. All of the distribution feeders operate at 13.8 kV. The Tutu Substation, East End and St. John Substation provide for improved distribution of electric power on the east end of the island of St. Thomas and the island of St. John, which is a considerable distance from the Randolph E. Harley Generating Station. With the completion of the East End Substation, the St. John Substation and the third 34.5 kV Feeder (No. 13) which is operated in a loop, the reliability of the distribution of power to the island of St. John and the East End of the island of St. Thomas has improved. 

The St. Thomas distribution system consists primarily of overhead lines along with several circuits and segments of circuits which are placed underground. Feeder No. 5A from the Randolph E. Harley Generating Station to the Cyril E. King Airport and Feeder Nos. 9B from the Rehelio Substation to the hospital are underground. Other underground distribution lines include short segments of Feeder Nos. 7A, 8A, 9A, 9B, and 10B. Significant portions of Feeder Nos. 11, 12, and 13 operate at 34.5 kV underground from the Randolph E. Harley Generating Station to the Rehelio Hatchette Substation. In addition, the line segment from the Tutu Substation to the vicinity of the bridge in Nadir on Feeder No. 11 is also underground.  
System Losses

The Authority has performed studies on the substation, transmission and distribution system and has identified that the system losses from power plant to customer’s meter is 8%.  The cost of fuel for the Authority in 2005 was $98,156,152. Therefore losses in the system represented $7,852,500.  Losses of 8% on a system of the size and density of the St. Thomas and St. Croix system is slightly high but not unusual. Many utilities will experience losses in the range of 5.5% to 6.5% in urban service areas. 

To improve the quality of service, increase voltage level, and reduce kVA losses, the 

Authority installs capacitor banks on its distribution system.  Installation of capacitors can help save energy by furnishing the necessary reactive energy to cancel out the lagging reactive energy required by the many induction motors and loads on the system.  By locating capacitors that cancel out the induction load reactive energy on the distribution lines close to the induction loads, current flow that normally must travel back to the generator is eliminated.  In addition, the energy required by the generator to serve the induction load reactive power is eliminated resulting in energy savings for the system.  Due to constantly changing load profiles on the distribution lines, it is necessary to monitor the distribution systems to assure that the optimum number and size of capacitors are installed on the distribution system.  The Authority does have a program to periodically review the loads and take corrective action.

    Table 4-1                    Peak Demand, Average Load and Energy  Production

	Year
	Gross Elec. Demand

STT-SJ (MW)
	Gross Elec. Demand

St. Croix (MW)
	STT-SJ (Average Load MW)
	St. Croix (Average Load MW)
	Elec. Production STT-SJ (MWH)
	Elec. Production

St. Croix

(MWH)

	2002
	76.2
	49.2
	56.5
	36.9
	504,852
	350,788

	2003
	80.6
	52.7
	59.8
	39.5
	528,391
	358,538

	2004
	83.1
	54.9
	62.7
	41.1
	548,619
	359,941

	2005
	86.3
	55.5
	63.4
	41.7
	555,273
	365,541


Rates

The Authority’s base electric rates are approximately $0.33167 per kWh but vary from $0.31646 per kWh for residential, $0.34473 per kWh for commercial and $0.34134 per kWh for industrial.  The Authority’s rates also include a Levelized Energy Adjustment Clause (LEAC) that adjusts monthly based on the cost of fuel.  The present LEAC, based on approximately $70 per bbl. fuel costs is $0.234026 per kWh.   The Authority is required to submit changes in rates to the Virgin Island Public Service Commission (PSC).  

These changes may include changes to the base electric rates, changes in the methodology of calculating the LEAC plus any surcharges to be placed on the electric rates. The PSC in the past has limited some pass through fuel charges resulting in the Authority not being able to recover the full cost of fuel expense. The PSC has allowed some delayed recovery of fuel costs, but this has resulted in large amounts of fuel costs that have not been recovered and consequently creates financial and cash flow difficulties for the Authority.

Operational Issues

The headquarters of the Authority is located in the western part of Charlotte Amalie on the island of St. Thomas.  The Authority’s operation is divided into two separate major locations: St. Thomas and St. Croix.  The facilities for St. John are managed by the St. Thomas operational group. The Authority has developed very professional staff throughout their organization including their headquarters and at each of their separate operational centers and other administrative and operational centers.  The Authority has developed capable personnel who direct the planning, operational and financial segments of the operation.  Tours through the respective plants in preparation for the development of this report found the supervisory and operational personnel to be professional and knowledgeable with a broad range of operational issues and with specific details of operations. The Authority has effectively utilized the services of qualified consulting engineers and advisors to assist in assessing operations, developing long range strategic plans, analyzing future options and designing facility additions or improvements.  Specifically noted was the breadth and depth of knowledge by planning and operational managers and supervisory personnel when questions were poised regarding various design and operational issues relating to plant fuel efficiencies.  It was obvious that the planners, operational managers and supervisors had already studied and analyzed the various aspects of improving system fuel and operational efficiencies and had either implemented appropriate action or were able to adequately explain operational or technical reasons why a particular change was not possible.  

The Authority has correctly made strategic decisions starting in the 1960s and extending to the present time regarding the use of steam boiler –turbine generation, fueled by heavy oil (No. 6), for use as their base load energy supply.  Likewise their decision to use combustion turbines with heat recovery boilers for their peaking loads was an appropriate strategic decision when made and implemented. Steam boiler-turbine units of the type that the Authority installed in the 1960s and 1970s offered the best efficiency, reliability and lowest maintenance cost of any optional system available at the time for the size of system that the Authority served and the cost of fuel oil at the time. Diesel engines may have been an option but their efficiencies and especially maintenance costs and long term reliability would not have been the appropriate choice of technology for the Authority at the time the steam-turbine units were installed. Diesel engines may be more efficient if operated at a desired optimum load but the maintenance cost and shorter operational life of a diesel engine often causes the economic analysis to favor a steam-turbine unit when fuel costs are lower. The Authority has made wise choices in installing heat recovery boilers to recover the waste heat from the combustion turbines thus improving the normally less than optimal efficiencies of a combustion turbine. Also, combustion turbines are ideally suited to serve as generating spinning reserve units. The combustion turbines can quickly pick up electrical loads if one of the base-load steam turbines trips off line. Combustion turbines also have a very quick start up time which is necessary to pick up the island loads in the event of a generation unit failure.  These two factors make combustion turbines an appropriate technology for non-base load energy for a small system that is focused on reliability of service.  This is especially true when fuel costs are in the range of or less than $35 to $40 per barrel. However, as the price of fuel increases, some of the lower maintenance costs, higher reliability, longer life, and better spinning reserve and quick start capabilities of a combustion turbine, begin to place a higher than desired economic price on the balance between reliability and electric energy costs. 

The Authority has wisely reviewed the present technology of their generation system with a study by an external expert, The Harris Group Consulting Engineers. The Harris Group’s conclusion and recommendation after a very comprehensive study is for the Authority to continue to operate its system with the existing generating units until such time as the loads increase and the Authority must decide to install additional generation capacity.  One of the main factors in this recommendation is the imbedded costs already in the existing system and the limited financial resources of the Authority to purchase a new generating unit at this time. The Authority simply does not have the funds to be able to ignore the existing generating capability, retire the older units and finance and install an entirely new power plant with new technologies, even though they may be more efficient.  There have been strong inquiries from the Territories Public Service Commission regarding the possibility of replacing the existing generating units with very large, efficient diesel engines. Such engines have been developed over the past couple of decades by companies from the Northern European countries, to primarily serve the large container and cruise ship power propulsion market. The larger diesel engines have also been widely used in smaller isolated localities as base load generating units. Some of the large diesel engines have generating capacities of 20 MW to 50 MW.  

As related by the staff of the Authority, the concept put forth by the engineer for the PSC is that the installation of several large diesel units could provide electricity  with greater efficiency than the existing steam-turbine and combustion turbine systems. Also with several units installed to meet the base loads requirements of St. Thomas and St. Croix, the multiple units at each site would provide the level of reliability that is needed for the system. The present system of steam-turbine and combustion turbine generating equipment have efficiency ratios in the range of 25% (plant records and computer readout devices indicate that the Authority’s steam turbines and combustion turbine units are operating at approximately 13,500 to 14,000 Btu per kWh) whereas a large diesel engine, if operated at its optimal load of 70% to 85% of nameplate rating, can have efficiency ratios in the range of 38% (8,900 Btu per kWh).  If fuel costs continue to rise, additional analysis will be necessary to determine if there is a turning point when retirement of the existing units is warranted in favor of installation of some other technology that converts petroleum energy to electricity more efficiently than the present system. One very serious concern expressed by the Authority personnel is that there is a strong possibility that diesel engines can not obtain EPA permits to operate in the U.S. Virgin Islands. Problems exist with diesel engines regarding higher than allowed nitrogen oxide emissions plus other concerns such as particulate emissions and of course there is always the factor of higher noise from a diesel engine power plant.   

1.7.3. Generation Facilities

The Authority’s generating facilities on the island of St. Thomas are located at the Krum 

Bay site, which is on the southwestern end of the island at the Randolph E. Harley Generating Station.  All electric generation for the islands of St. Thomas, St. John, Hassel Island and Water Island are located at this site, except for an emergency diesel generating unit located on the island of St. John. In addition to generation facilities, the Krum Bay site includes water production and storage, fuel oil unloading and storage, and warehouse facilities. 

All of the existing generating facilities on the island of St. Croix are located at the Estate Richmond site on the north shore of the island near Christiansted. In addition to generation facilities, the Estate Richmond site includes water production, fuel oil unloading and storage, and warehouse facilities. 

Table 4-2

   Virgin Islands Electrical Power Generating Units

	Location
	Unit Number
	Size – MW
	Type
	Year Installed

	St. Thomas
	# 11
	20.7 MW
	Steam - #6 Oil
	1968

	St. Thomas
	# 13
	30.0 MW
	Steam - #6 Oil
	1974

	St. Thomas
	# 12
	15.1 MW
	Gas Turb. #2 Oil
	Unavailable

	St. Thomas
	# 14
	13.0 MW
	Gas Turb. #2 Oil
	Unavailable 

	St. Thomas
	# 15
	22.2 MW
	Gas Turb. #2 Oil
	Unavailable

	St. Thomas
	# 18
	24.3 MW
	Gas Turb. #2 Oil
	Unavailable

	St. Thomas
	# 22
	24.0 MW
	Gas Turb. #2 Oil
	2001

	St. Thomas
	# 23
	39.3 MW
	Gas Turb. #2 Oil
	2004

	
	
	
	
	

	St. Croix
	#10
	10.0 MW
	Steam-#6 oil
	1968

	St. Croix
	#11
	19.6 MW
	Steam #6 oil
	1974

	St. Croix
	#16
	24.5 MW
	Comb.Turb.#2Oil
	Unavailable

	St. Croix
	#17
	24.5 MW
	Comb.Turb.#2Oil
	Unavailable

	St. Croix
	#19
	24.5 MW
	Comb.Turb.#2Oil
	Unavailable

	St. Croix
	#20
	24.5 MW
	Comb.Turb.#2Oil
	Unavailable


Table 4-3

Total Generation by type and location

	
	             St.  Thomas
	                 St. Croix
	               Combined


	Type
	MW
	Percent
	MW
	Percent
	MW
	Percent

	
	
	
	
	
	
	

	 Steam
	55.4 MW
	30.6%
	25.0MW
	21.4%
	80.4 MW
	27.0%

	
	
	
	
	
	
	

	Gas Turbine
	122.8MW
	68.0%
	91.8MW
	78.6%
	214.6 MW
	72.2%

	
	
	
	
	
	
	

	Diesel
	2.5MW
	1.4%
	0.0
	0.0%
	2.5 MW
	0.8%

	
	
	
	
	
	
	

	Total
	180.7 MW
	100.0%
	116.8 MW
	100.0%
	297.5 MW
	100.0%


For reliability of service, the Authority installed Unit No. 22, a 24 MW combustion turbine in 2001 and Unit No. 23, a 39.3 MW combustion turbine in 2004.   In 1997 the Authority installed a waste heat recovery boiler to capture energy from Units No. 18 and No. 15 for use in providing steam either for the water desalination plant or for use in the steam turbine generators. 

The Authority’s electric generation on both St. Thomas and St. Croix consists of steam generating units, combustion turbines (CT) and waste heat recovery boilers (WHB) that recover heat from the exhaust of the CTs to produce steam, which in turn is used to supplement the steam produced by the steam generating units (i.e. combined-cycle operation).  In addition, process extraction steam is taken from the steam generating units and from the WHB for the production of potable water using seawater desalination units at each power plant site.  The combination of steam electric generation with potable water production using seawater desalination was initiated in the 1960s.  Combined cycle operation was initiated in the 1980s.  Because of the isolation of the electric systems on St. Croix and St. Thomas (St. John is interconnected to St. Thomas), typical operations include multiple generating units in operation to provide spinning reserve and redundancy in the event of a generating unit outage.  This spinning reserve requirement coupled with the requirements for process steam for the seawater desalination units, and on-going unit outages for repairs and maintenance, often dictate operation of individual units at lower loads, resulting in lower efficiencies.  

The nature of an isolated island system does result in the average annual system heat rates for the St. Croix and St. Thomas electric systems to exceed industry norms.  The inability to dispatch increments of base loaded units due to the size and nature of the equipment by definition requires operation at less than optimal efficiency.  In addition, the balance between reliability and efficiency along with the unique aspects of water production and the inability to shut down or cycle units without severely affecting their useful life all contribute to heat rates above design conditions. 

1.7.4. Fuels

All of the Authority's generating units are fueled by oil. During the fiscal year ended June 30, 2005, the Authority generated a total of 908,568 MWh of electric energy and burned 2,352,937 barrels (98,823,400 gallons) of fuel oil.  The Authority purchases its fuel from Hovensa refinery located on the island of St. Croix.   Current fuel prices are over $70 per barrel.

Historically, the Authority purchased its fuel oil supply from Hess Oil Virgin Islands Corporation (“HOVIC”), an affiliate of the Amerada Hess Corporation, which operated a petroleum refinery on the island of St. Croix.  In an agreement between the government and HOVIC which was amended in 1990 and in November 1993, HOVIC was required to maintain in storage facilities sufficient fuel to ensure that there are adequate supplies to meet local fuel needs of the Virgin Islands, including the fuel needs of the Authority for a period of twenty years. In addition, the Hess Agreement required that HOVIC  annually submit bids for the sale of fuel oil to the Authority at a maximum price not to exceed the lower of (i) HOVIC's average landed monthly crude oil costs or (ii) the published Exxon New York Contract Cargo prices per barrel or its successor index, less $2.00 per barrel. In March 1998, HOVIC announced that it was contemplating the sale of an interest in its facilities located on the island of St. Croix to Petroleos de Venezuela, S.A., subject to receiving certain concessions from, and reaching an agreement with the government of the Virgin Islands. As a result of the sale, a new joint venture between HOVIC and Petroleous de Venezuela, S.A., was formed, known as HOVENSA. The government, HOVIC and HOVENSA agreed to amend and extend certain provisions contained in the Hess Agreement. In May 1998, the amended agreement was submitted to and approved by the Legislature of the U.S. Virgin Islands. The amendment to the Hess Agreement continues the obligation of HOVENSA (formerly HOVIC) to supply low cost fuel oil to the Authority for a period of twenty years from the declared commercial operation date of new coking facilities. These new facilities were declared operational in 2002, and the amended agreement is in effect until the year 2022. 

To comply with the Authority’s purchasing procedures and statutory requirements, and to ensure that the Authority purchases fuel oil at the lowest possible cost, the Authority solicits bid proposals annually from fuel oil suppliers to meet its projected fuel requirements. Pursuant to the Hess Agreement, as amended, the Authority is required to purchase fuel oil from HOVENSA, where the cost of such fuel is less than the market price available to the Authority. As a result of the Hess Agreement, as amended, and the location of HOVENSA facilities on the island of St. Croix, the proposals from HOVENSA are projected to be at prices below those submitted, or to be submitted by other potential fuel oil suppliers, keeping the Authority's cost of fuel below U.S. market prices. 

In addition, the Hess Agreement, as amended, stipulates that HOVENSA is to operate oil barges and bid on an annual basis for the transportation of fuel oil from HOVENSA facilities to the Authority's pier and fuel unloading facilities on the islands of St. Thomas and St. Croix. The Authority reports that it currently pays HOVIC $1.80 per barrel to deliver fuel oil to the Authority's generating facilities on the islands of St. Thomas and St. Croix. Fuel oil supply to the island of St. John is trucked from the St. Thomas generating facility to the eastern end of the island and is barged to the storage facilities on the island of St. John. During the spring of 2003, oil supplies from Venezuela to the HOVENSA facilities on the island of St. Croix were reduced due to an oil workers strike in Venezuela. The Authority has had no difficulty purchasing or receiving adequate supplies of fuel oil as specified from HOVENSA to comply with its generation needs, although the price of fuel oil increased substantially. 

Because of an increase in the amount of nitrogen content of the fuel oil provided by HOVENSA, the Authority has intermittently exceeded its permitted nitrogen oxide emissions. Based on the guaranteed percent nitrogen content in the No. 2 fuel oil (1000 ppm) by HOVENSA, the Authority was forced to remodel and determine potential air quality impacts from its generating facilities on St. Thomas and St. Croix using said fuel oil. The Authority completed all modeling and air quality analysis to demonstrate that National Ambient Air Quality Standards for NOx would not be exceeded, even if all the gas turbines burned 1000 ppm fuel nitrogen content and the No. 6 boilers emit NOx at the highest level indicated in AP-42. The Authority has prepared and submitted PSD permit modification applications for St. Thomas and St. Croix power plants to support the use of 1000 ppm nitrogen content in No. 2 fuel oil to the EPA for further processing and approval. Although final action for all of the Authority’s units from EPA is pending, the Authority received PSD approval for Unit No. 23 in early 2005 using No. 2 fuel oil containing 1,000 ppm of nitrogen. 

During December 2005, the Authority’s delivered cost, including transportation of No. 6 fuel oil, was $63.53 per barrel for 0.3% or 7.0% sulfur (approximately $10.27 per MMBtu). The delivered cost of No. 2 fuel oil in December 2005 was also $63.53 per barrel for 0.2% sulfur (approximately $10.95 per MMBtu). In December 2005, the delivered cost of fuel for No. 6 fuel oil and No. 2 fuel oil regardless of sulfur content was based on the HOVENSA average landed monthly crude oil cost as opposed to market prices. During 2004 and 2005, the cost of fuel oil has increased at unprecedented levels due to world-wide and regional conditions. In addition, the cost of oil is projected to remain at these levels in the near-term future. During 2005, the reported cost of No. 6 fuel oil in the U.S. markets is in excess of $65 per barrel, approximately $10.51 per MMBtu, and the cost of low sulfur No. 2 fuel oil is in excess of $100 per barrel (approximately $17.24 per MMBtu).

The availability of fossil fuels (No. 6 and No. 2 fuel oil) used by the Authority and the prices at which such fuels can be purchased by the Authority are subject to various actions which affect the availability and the price of fuels in the domestic and world markets, and to actions by governmental authorities with respect to fuels. While the Authority has enjoyed a favorable fuel supply arrangement with HOVENSA, the Authority has been encouraged to consider exploring the financial and practical aspects of entering into fuel hedging agreements. 

On Site Storage 
On the island of St. Thomas, fuel oil storage facilities consist of six above ground steel tanks located at the Randolph E. Harley Generating Station. All of the fuel oil tanks have secondary containment barriers. Two tanks located on a ridge north of the generating station, having a combined nominal capacity of 108,000 barrels, are used to store No. 6 fuel oil. The remaining four above ground tanks, having a combined nominal capacity of 86,000 barrels, are used to store No. 2 fuel oil.

Fuel oil storage facilities on the island of St. Croix consist of seven above ground tanks at the Estate Richmond Generating Station. Two tanks, having a combined nominal capacity of 39,800 barrels, are used to store No. 6 fuel oil, and five tanks having a combined nominal capacity of 69,400 barrels, are used to store No. 2 fuel oil. 

1.8. Electric Production and Use

1.8.1. Existing Renewable & Alternative Power Production

The U.S. Virgin Islands have many roof top hot water heaters serving household water heating. There are a few isolated photovoltaic units, mostly to serve residential homes.  However, renewable and alternative power systems are very limited in the U.S. Virgin Islands.  

1.9. REGULATORY, ENVIRONMENTAL ISSUES

The U.S. Virgin Islands is subject to all laws and regulations of the U.S. Environmental Protection Agency in regards to environmental issues.  They are under the jurisdiction of Region II with its headquarters in New York City.  Unlike some Pacific Island Territories, the U.S. Virgin Islands has no waivers on any of the stringent EPA regulations that particularly affect electrical power production.  The Authority experiences difficulty in meeting Environmental Air Quality standards at the present time due to the higher sulfur content of the Hovenza fuel.  

The generating units owned by the Authority are operated under permits issued by EPA and the Department of Planning and Natural Resources.  At this time, the Authority has not yet established expected retirement dates for its existing steam and combustion turbine generating facilities. However, based on the findings of the initial “Condition Assessment Study” performed by the Harris Group dated February 22, 2005, the Harris Group found, among other things, that Combustion Turbine Unit No. 12 and No. 14 and boiler No. 11 on the island of St. Thomas should be dispatched on an emergency basis and eventually retired when replacement generating resources become available. In addition, with the addition of a second heat recovery steam generator (“HRSG”), boiler No. 10 on the island of St. Croix should be used as standby unit. 

The government of the U.S. Virgin Islands has established a Public Service Commission which has jurisdiction over the Water and Power Authority’s electric and water rates.  The Authority must petition the PSC for permission to increase electric rates including pass-through fuel costs.  The PSC has in the past limited the Authority from collecting revenues sufficient to cover actual costs of electric production, resulting in the Authority experiencing very difficult financial issues.   

1.10. TRANSPORTATION

1.10.1. Fuel Use

There was no information on transportation fuel use available. 

1.10.2. Fuel Types and Costs

There was no information on transportation fuel types and costs available

1.10.3. Reducing Transportation Energy Use

The U.S. Virgin Islands has a reasonably fuel efficient transportation system with their various forms of taxi service, tourism buses and private automobiles.  The open air carriages mounted on the back of pickup trucks that carry upwards of 20 people is one of the more efficient systems observed.  There is also a good bus system network for the transport of cruise ship and other tourist visitors.  Therefore it appears that the Virgin Islands has a reasonably efficient fossil fuel transportation system considering the terrain and level of population. The permanent resident population of the islands are relatively concentrated in fairly densely populated areas with short travel distances to work and shops, therefore a more efficient transportation system other than personal automobiles does not appear to be viable.
1.11. COMMERCIAL & INDUSTRIAL 

1.11.1. Tourism

The tourism industry is not an industry where programs to reduce the use of fossil fuels are easily identified.  Tourism to the U.S Virgin Islands is fossil fuel energy intensive by the nature of the location of the islands. However, the transportation sectors of airlines and cruise ships already practise minimizing the use of fossil fuel in their efforts to maximize profits in their respective operations. 

1.11.2. Manufacturing

There is limited energy intensive manufacturing in the U.S. Virgin Islands, except the Hovenza Oil Refiner. Therefore there are no significant opportunites in the reduction of fossil fuels from the manufacturing sector.  The HOVENSA Oil Refinery is not connected with the U.S. Virgin Islands Water and Power Authority, nor is it under any significant government control that could lead to sponsored programs that could reduce the use of fossil fuels.  

1.11.3. Military

There is no military operating in the U.S. Virgin Islands.

1.11.4. Fisheries

There are only limited fisheries operating in the U.S. Virgin Islands.  The main type of fishing in the waters around the islands is sport fishing which is a segment of the fuel consuming market that does not lend itself to energy reduction programs. 

1.12. ALTERNATIVE ENERGY OPPORTUNITIES

1.12.1. Cogeneration

Existing cogeneration 

The Virgin Islands presently has made use of only limited co-generation opportunities.  The area where co-generation is being used is: 

Use of exhaust heat from combustion turbines at power plants in both St. Thomas and St. Croix to provide additional steam energy resources for the steam turbine electric generating units and for steam energy for the desalination water plants. 

Opportunities for cogeneration

There are several opportunities that may be possible including:

1.     A power purchase arrangement with HOVENSA refinery. 

There is presently no electrical or water connection between Hovenza and the U.S. Virgin Islands Water and Power Authority. HOVENSA generates all of its own electrical power at the refinery and by contract terms with the U.S. Virgin Islands government are not permitted to engage in sale of electrical power to any outside entities.  Refineries have the capability to utilize the lesser quality fuels for electrical power generation and often have excess capacity available at prices that can be beneficial to the refinery and to the purchaser. Refineries often have extra generating capability and seek opportunities to sell the excess energy to the local utility. WAPA officials, however, reported that HOVENSA has very little excess generating capacity at the refinery and also their agreement with the government of the U.S. Virgin Islands does not include sales of electrical power to external entities.  

2.
Cogeneration partnerships with large hotels and resorts.

There are many large hotels and resorts located on each of the three major islands of the U.S. Virgin Islands. Most already have installed backup electrical generators.  Vendors that provide backup generator equipment usually have complete cogeneration equipment packages that can be incorporated into the electrical power generation systems.  The systems capture the exhaust heat from the diesel engine electrical power units and produce hot water for the hotel/resort and also can provide chilled water from the waste exhaust heat through a process utilizing an absorption chiller. The electrical generator systems usually have an efficiency ratio of approximately 35%, (energy value of diesel fuel into the engines vs. energy value of electrical energy out) and when capture of exhaust heat for hot water heating and chilled water for air conditioning is included, the efficiencies can reach 75% to 85%. In comparison the Authority’s power generation system presently has an efficiency ratio of approximately 25% (fuel into the electrical power stations vs. electrical energy delivered to the customer’s meter).   

A good operational and maintenance (O&M) program is necessary to keep the cogeneration systems operating correctly. The lack of a good O&M program is often the reason that hotels/resorts which have attempted to operate their own electrical system often decide to switch to WAPA as their main power source.  

A good “net-metering” program is also helpful in making co-generation systems work effectively and profitably for a hotel/resort. A “net-metering” program allows the co-generator to operate their system at optimum loads and sell the excess energy to the power provider which in the U.S. Virgin Islands is the Water and Power Authority.  

If a partnership arrangement could be established between the resorts and the Authority, it may be possible for the Authority to utilize their very good fuel arrangements, O&M capability and financing to install and operate the units with the benefits shared with the hotel/resort and the excess energy generated could be utilized for delivery and the benefit of the Authority’s customers.

Although there appear to be savings in the use of fossil fuels by encouraging co-generation systems at hotel/resorts, there is substantial concern whether the EPA would allow an emissions permit for such diesel engine base load generation systems.  Most co-generation systems would use No. 2 diesel oil for fuel and the Authority officials report that they have been unsuccessful in getting base load diesel engine emissions permitted.  If the diesel engines were able to operate on natural gas, it may be possible to obtain EPA permitting, however, natural gas is not available in the U.S. Virgin Islands and the cost and safety issues for developing small system natural gas storage facilities may make it prohibitive. 

1.12.2. Alternative Fuel Systems

Status of present production system

The Authority presently utilizes heavy No. 6 fuel oil, often referred to as bunker fuel, as fuel for the steam boilers for their steam-turbine electrical generator systems.  The Authority utilizes No. 2 fuel oil for use in their combustion turbines.  These were appropriate and wise choices of fuels and energy conversion systems considering cost of fuel, size of the systems and technologies available when most of the systems were installed during the 1970s to the early 1990s.  Unfortunately, the Authority’s generating units have a fairly low efficiency ratio since that was the technology available at the time for the size generating units that were needed in the Virgin Islands.  The efficiencies of the units are in the range of 13,500 Btu’s  to 14,000 Btu’s (British Thermal Units) per kWh produced. Since a kWh of electrical energy has a Btu energy value of 3,413 Btu’s per kWh the efficiency ratio of the boiler-steam turbine system is 25.6% at the generator output. When considering that the electrical losses from the power station through the distribution system to the customer’s meter is 8%, the overall efficiency of “fuel-in to energy-out to the customer’s meter” for the Authority is approximately 23.6%.  

Large slow speed diesel engines

Large, (10,000 to 12,000 kW) low speed diesel engines can have fuel efficiencies of 38% and can utilize the lower cost No. 6 bunker oil as a fuel source. However, there are environmental and financial concerns with new diesel engines. Firstly, the Authority officials have reported that it may not be possible to get EPA emission permits for the low speed diesel engines. Secondly, there is a question of location of such a plant, since there is a serious real estate space problem in attempting to locate such large engines at the existing power plant sites. Finally, there is a concern over financing a new plant.  A recent report has advised the Authority that even though the fuel efficiencies of their existing systems are less than desired, the capital cost necessary to purchase and install new, large low speed diesel engines, make the quick transition to such engines not economical until electrical loads increase to the level that a new generation unit is necessary.  Another concern regarding an installation of large diesel engines is the need to maintain a safe margin of spinning reserve so that if one of the units fails, other units that are on line and running can pick up the load without an island wide outage occurring.  Therefore, either the sizing of multiple units of large diesels would need to be considered or the use of an existing combustion turbine always operating in synchronism with the diesel units to assure spinning reserve reliability.  A full financial analysis of the options would need to be conducted before considering replacing the existing power generation equipment.  Even if such an analysis indicated the installation of a more efficient electrical power production system is a logical choice, the ability to move forward with such a conversion may not be possible since the Authority is greatly restricted in its options considering its imbedded equipment costs, EPA permitting hurdles, real estate space issues, operational spinning reserve considerations and particularly the Authority’s limited financial resources.  

Petroleum Coke fueled power plant in cooperation with the refinery.

The Hovenza refinery site is already established as a major environmental site, therefore the installation of a petroleum coke boiler for use in powering a steam turbine-electrical power generator may be an opportunity for exploration by the U.S. Virgin Islands Water and Power Authority. However, the Authority officials also report that there are no provisions with the U.S. Virgin Islands government that presently include such an opportunity and Hovenza has indicated that their interests are in the refinery industry and not production of electrical energy for sale to external entities.

1.13. SUPPLY SIDE MANAGEMENT

In developed country utilities, the average power systems losses for a utility with only a generation and a distribution network are estimated at approximately 10%. Nominally, these losses are accounted for in generation, 5%, and distribution, 5%.


In 2000, a preliminary study was carried out on a sample of three (3) U.S. affiliated Insular Areas’ power utilities, to achieve an indication of the energy inefficiencies in the generation, transmission and distribution of electricity in all the U.S affiliated Insular Areas’ power utilities. These were the utilities of Palau, Pohnpei and Kosrae.


This preliminary study indicated that the power system losses in the utilities were far in excess of acceptable standards for these power systems. It was established that the energy losses were occuring in all areas of the power system, including non-technical losses.

It was noted that some data was lacking, such as the number of transformers or the types of conductor used.  As a consequence several approximations were used to evaluate the losses.  The errors on the figures are difficult to quantify and therefore the results should be carefully used, although it does represent system losses that are far in excess of what is acceptable.

To reduce the import of fuel, it is imperative to reduce these system losses.

It is recommended that a detailed quantified power system loss study be conducted for WAPA, as a stage 1 project. This project would measure and collect the electrical characteristics of the power system, and then determine the losses. Once these losses have been quantified, then stage 2 of this process would be to assess the need for updating existing energy inefficient equipment (examining financing mechanisms as appropriate); establishing government legislation that makes electricity theft a crime, and reviewing the maintenance practices in the power plants.
1.14. DEMAND SIDE EFFICIENCY AND ENERGY CONSERVATION

Both WAPA and the Virgin Islands Energy Office (VIEO) have been active in the area of energy conservation and demand side energy management for many years. The VIEO was formed by Executive Order in 1974 and its status was formally codified by the Legislature in 1987. 

The VIEO receives funding from the USDOE State Energy Program (SEP) and the VIEO programs have a strong focus on program areas of the SEP. These include school programs that support educators in teaching energy related materials, public information programs, public demonstrations of energy technology and household energy conservation efforts. If SEP funding is lost in 2007 as expected, many of the programs that tend to reduce energy imports will be reduced or eliminated. It is recommended that alternate funding be provided to continue DSM and renewable energy programs at the VIEO.

1.14.1. Electrical Metering/Tariff

All customers are metered and no prepayment meters are used.

With an early 2006 per kWh charge that averaged around $0.34 per kWh, WAPA has a higher rate than the other island utilities assessed, even very small island utilities. This provides considerable incentive for energy efficiency. It also creates a burden for low-income households and may prevent them from accessing what the majority of households consider basic services that include lights, television, fans and refrigeration. Some funding is available through the VIEO from the Low Income Home Energy Assistance Program (LIHEAP). This can help offset low-income household electric bills. Tiered tariff structures provide an incentive for energy efficiency if the tier differences are substantial. With increases in the fuel surcharge, the percentage difference shrinks and tiers become a less effective tool for reducing non-essential energy use. For the Virgin Islands the effect of the tiered structure is probably not a great energy efficiency incentive because of the high fuel charge that is added to all tariffs equally. On the other hand, the high cost is itself a strong incentive for efficient use of electrical energy.

1.14.2. Household Energy Efficiency Measures

The average household electricity use is approximately 500 kWh/month. VIEO and WAPA should continue supporting the conversion of low efficiency household lighting to CFLs and electronic ballast fluorescents as that is the fastest and most cost effective residential energy efficiency improvement even though lighting is not the major use of electricity for the average residence.

Statistics on household air-conditioner use by type and number of installations were not available. However, it is estimated that over 50% of households have at least a “window” air-conditioner. That is a major demand that can be improved in efficiency through improved maintenance and replacement of low efficiency units by those with a higher EER.  The VIEO has participated in domestic DSM programs such as the consumer household energy efficiency program “Your Energy Savings” (YES!). This provided for home energy audits, rebates on energy efficient lighting and appliances and general public information programs relating to household energy conservation.

Around ⅓ of the Virgin Island households cook with electricity. That is probably one of the main reasons for the sharp evening peak. LPG is readily available and a more energy efficient fuel than electricity. A cooperative program between the VIEO, WAPA and the local LPG distributor to get the remaining households that cook with electricity to convert to gas would provide both fuel saving and reduce WAPA’s peak in the evening.

There should be continuation of, and if funding can be found, expansion of the VIEO efforts at public information, solar water heater installation, household audits and air-conditioner maintenance programs as well as for programs to replace old low efficiency units with air-conditioners having a higher EER unit.

1.14.3. Government and Commercial Sector Buildings

The USEPA’s “Green Lights” included the VIEO as a partner agency and, in the Virgin Islands focused on government sector energy efficiency improvement, mainly through lighting efficiency upgrades.

The VIEO works closely with government departments to monitor energy use and to improve energy efficiency. government departments must assign an employee the task of monitoring energy use and the VIEO monitors departmental energy performance. The program should be continued with the addition of getting the top level of government to apply strong pressure on those departments with the poorest records of performance. Strict enforcement of existing energy efficiency regulations and standards for government facilities should be sought by the VIEO as they appear to be poorly enforced.

The commercial sector is dominated by retail shops, a few large hotels and large shopping malls. Electric loads are largely refrigeration equipment for air-conditioning or for food preservation and storage with large water heating loads in hotels. Those large users are best served by an ESCO but WAPA can offer technical and energy audit services to large electricity users to support energy efficiency improvement. If ESCO services appear to be needed, WAPA can assist the commercial customer to make contact with ESCOs serving the Virgin Islands.

1.14.4. Building Energy Eficiency Standards

The government acted on DSM in government buildings with a 1984 Act that specifically spelled out the need to constrain energy growth, especially electric energy, and to use energy efficiently with a focus on establishing standards. The act required that standards be established for government requiring that government buildings use natural ventilation and natural lighting to the greatest extent possible. Also in 1984, Executive Order 273-1984 required that all new government buildings  be constructed to meet American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) Standard 90-80 entitled “Energy Conservation in New Building Design". This formed the basis for developing building codes that include energy consideration and placed the VIEO as the agency responsible for development and revision of energy codes. In 1985 an Executive Order required that air-conditioning in government offices be set no lower than 80° and required government departments to designate persons to monitor and enforce compliance although enforcement appears lax.

Energy codes have been developed and tabled by the VIEO for adoption. The latest, modeled after Guam and Hawaii, was proposed in 2003, but to date only the 2003 series of International Building codes, which umbrellas the 2003 International Energy Conservation Code (IECC), have been adopted.  Unfortunately, the IECC does not address tropical climate zones.  no energy codes have been adopted by government. The Virgin Islands has the capacity to enforce an energy code and a detailed analysis made at the time of the 2003 energy code proposal indicates that savings can rapidly exceed the estimated cost of establishing and enforcing the code. The economics in 2006 should be even better due to higher energy costs. The VIEO should continue to work for energy code acceptance since that can produce major long term benefits and is one of the most cost effective actions for overall energy efficiency improvement and fuel savings that is available to the Virgin Islands.

1.14.5. Appliance Energy Efficiency Standards

The Virgin Islands generally conforms to mainland energy efficiency standards and most appliances brought into the Virgin Islands have U.S. energy efficiency labels. 

However, the energy labels on refrigerators and freezers include a prominently displayed estimate of the annual cost of energy use. That number is based on an assumption of electricity price that is much lower, almost ¼ that of the Virgin Islands. If consumers are to use the labels to make a purchase decision, it is important that the numbers on the labels relate to the real cost of energy from WAPA, not the much lower price on the mainland. Therefore a program to inform the public of the estimated cost based on WAPA prices is important. Some ways to do this include: replacing existing labels with special labels for the Virgin Islands, providing another label explaining the higher cost in the Virgin Islands, and giving brochures to WAPA customers when bills are paid. The decision to purchase on the base of energy efficiency will be much more likely if people are aware that the actual benefits will be as much as four times greater than the amount shown on the standard label.

Government purchases of electrical equipment are subject to energy efficiency standards though they are not well enforced so improved enforcement is recommended. For private purchases, a tax that brings the inefficient appliance or air-conditioner to the same or higher price as the more efficient unit of the same type could improve the average efficiency of both domestic and commercial air-conditioners in use.

1.14.6. Energy Audits Perfomance Contracts

Energy audits by themselves have not yielded a high implementation rate. In addition to the audit, access to implementation finance, assistance in equipment selection, installation and long term maintenance are needed by many, if not most, potential customers for energy efficiency improvements. These types of services are best provided by a company specializing in energy efficiency improvements for commercial and industrial users such as Energy Service Companies or ESCOs.

It is recommended that the VIEO work with WAPA to conduct a survey of larger energy users in the Virgin Islands to roughly determine the size of the market for ESCO services. The results of the survey could then be provided to architectural/engineering firms in the Virgin Islands through a workshop or publication to encourage the formation of a local, full service ESCO. If there is insufficient market to form an ESCO locally, contact should be made with ESCOs on the mainland who have experience in the islands to propose that they work with local architectural/engineering firm partners to service the energy efficiency improvement needs of the Virgin Islands. Easy access to the U.S. mainland should allow mainland ESCOs to profitably operate in the Virgin Islands for even relatively small customers if a local partner can be arranged to handle day-to-day activities such as local marketing, installation, monitoring and maintenance. The ESCO can provide specialist technical knowledge regarding specification of equipment, arrangement of finance and other parts of the service not practical for the local partner.

1.14.7. Transportation Sector

The concentration of employment and commerce in the harbor area of St. Thomas, causes a heavy concentration of vehicles. Because of the steep slope up from the harbor the main traffic artery is at the sea front and that is also the area most visited by tourists so it is quite congested with traffic moving slowly. 

There are two main public transport sectors: One on St. Thomas that is dedicated to tourism and the other that is mainly for local residents on all three islands. The tourism sector operates mainly in the airport-harbor area of St. Thomas with vans handling visitors who arrive by air with baggage. Modified pickup trucks (“Safaris” that have covered but open sided seating) providing the primary local transport for visitors by ship who are not laden with baggage as well as urban area transport for locals.

Local resident public transport is principally a scheduled bus service, VITRAN, with routes connecting most major residential areas to urban areas. A detailed study of the VITRAN service was carried out in 1998 for St. Thomas and a number of recommendations made for improving the efficiency and utility of the service.

Fuel prices on St. Thomas and St. John are higher than the mainland U.S. while those on St. Croix are about the same or lower due to the presence of the refinery. The vehicle mix appears to have a higher percentage of smaller, more fuel efficient vehicles than is typical of the mainland but statistics were not available.

The VIEO has funded the development and distribution of a manual for the maintenance of energy efficiency in automobile fleets but there has been no formal monitoring of the results so its effect is not known.

The principal goal for the future with regards to transport needs to be increasing the average private vehicle transport efficiency. Programs and policies to achieve this can focus in two main areas: increasing the efficiency of use of vehicles already on the road and increasing the overall fuel efficiency of the private vehicle fleet through policies that encourage the replacement of existing vehicles with more fuel efficient models. Higher fuel prices give both areas a boost but government policies can accelerate the movement to more fuel efficient private transport. 

For improving vehicle use efficiency, consideration can be given to initiating or expanding programs for:

· Encouraging and assisting car pooling through public information programs and car pool hot lines.

· “Park and Ride” arrangements where commuters can drive their private vehicle short distances on rural roads to a parking area then use the rural parking lot as a transfer point for car pooling or take public mass transport into the urban area.

· Through zoning and incentives, encouraging the development of small neighborhood shopping areas to reduce travel to urban areas for family shopping.

· Providing “tune up centers” where basic maintenance (e.g. air filter replacement, tire pressure adjustment) can improve the average fuel efficiency and determine the need for more complicated maintenance (e.g. front-end alignment, ignition system repairs) that can also lead to improved fuel efficiency.

Significantly improving the average fuel efficiency of the private vehicle fleet for the long term requires incentives for the purchase of fuel efficient cars to replace those with worse fuel efficiency. The largest improvement in fuel efficiency comes from purchasing diesel instead of gasoline powered cars and trucks. Unfortunately, very few manufacturers presently sell diesel powered cars in the U.S., though they are common in Asian and European countries. Some European and Japanese manufacturers have announced plans to once again export diesel powered cars to the U.S. market. When diesel cars are readily available in the Virgin Islands, providing incentives to shift car ownership from gasoline to diesel power could, over time, greatly improve the average fuel efficiency of private transport. Right now, introducing differential taxation of fuels that raises the tax on gasoline and lowers it on diesel fuel, causing a significant gap between the price of diesel fuel and gasoline, can send the correct consumer signal that diesel vehicles have a lower operating cost than those with gasoline engines. Substantially increased taxes on the sale of lower efficiency private vehicles has also been effective in some Pacific islands to discourage their purchase. For the future, should hybrid cars become readily available, the Virgin Islands could add a local incentive to Federal incentives for their purchase.

In 1979 Executive Order 231-1979 required the government to use life-cycle cost instead of first cost in purchasing vehicles and equipment and specifically spelled out energy efficiency as a criteria for purchase. This should be rigorously enforced.

1.15. RENEWABLE ENERGY

Of importance to the development of renewable energy in the Virgin Islands is the Cogeneration and Small Power Production Act of 1984. This Act requires WAPA to purchase power from cogeneration and small power producers at its avoided cost.

Also, in 1984 the legislature passed the Solar and Wind Energy Systems Law that requires zoning regulations to recognize the need of owners of solar and wind energy devices to be able to maintain access to the resources. While this act did not have a great effect on the development of solar or wind energy, it did show that these energy sources were recognized as important for the future and was a starting point. Probably, the more important part of the legislation was its designation of the VIEO as the agency responsible for implementation, providing the office with a clear mandate in the areas of solar and wind energy.

The VIEO continues to maintain significant programs in demonstrating and supporting both solar energy and wind energy in the Virgin Islands. It also has commissioned studies and local research into other renewable energy areas. Ocean energy is of particular interest to an island energy office and the possibilities of developing biomass and biofuel production, particularly on St. Croix, are also of interest.

This assessment found the VIEO to have the greatest capacity of all the assessed island’s energy offices to develop energy policy and to properly deliver projects, programs and services. It has a long history of diverse and professionally handled programs and projects ranging from those with a technical emphasis to socially oriented energy programs.

1.15.1. Solar

The solar environment of the Virgin Islands is excellent, slightly better than that of most of the Pacific Islands assessed. Table 4-5 shows the average insolation for the island area. Local insolation may be different from place to place due to cloudiness that forms as a result of the presence of the high islands in the path of moist oceanic air. So if large scale grid connected solar is to be installed at one site, measurement of the average daily insolation at the site for one full year would provide a better basis for design than the generalized data now available.

The VIEO has a working relationship with the Florida Solar Energy Center (FSEC) for all solar development activities in the Virgin Islands, both solar thermal and solar electric. As a result, the installations are typically well designed, fit the local environment and usually operate as intended. The technology transfer from FSEC to the Virgin Islands has resulted in a number of people in the islands with installation and maintenance skills that are used to further develop the technologies.

	Table 4-5 – Estimated solar resource for the Virgin Islands (Lat 18ºN Long 65ºW) kWh/m2 per day

	Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Avg.

	Horizontal
	4.78
	5.53
	6.30
	6.74
	6.39
	6.75
	6.72
	6.47
	6.04
	5.47
	4.80
	4.62
	5.89

	Tilted
	6.06
	6.56
	6.90
	6.78
	6.48
	7.08
	6.99
	6.35
	6.40
	6.29
	5.95
	5.99
	6.48

	Source - NASA Surface Meteorology and Solar Energy


Nonetheless, there is no full service, specialist solar business on the islands that stocks a variety of solar equipment and sells at retail. Solar equipment is usually either ordered directly from mainland suppliers or provided as a sideline activity of a local business.

Solar thermal for electric generation

Solar thermal for electricity generation is not considered an economically appropriate technology for the Virgin Islands due to the need for large land areas, the relatively high profile of the equipment during hurricane passages that introduces a high risk of major damage, and the expense of maintaining large, outdoor mechanical systems in a tropical, marine environment.

Solar thermal for water heating

Many upscale homes and homes built under USDA or HUD funding have installed panel plus tank type solar water heaters but many continue to use electric water heaters. The VIEO has a continuing program to support a small number of solar hot water installations annually and provides information and auditing assistance to homeowners who are interested in including solar water heating on their home.

The VIEO has installed or supported the installation of many different types of solar water heaters and can direct prospective buyers to an installation of the type that is needed, whether small household unit or relatively large, pump circulated commercial solar water heater. Of the islands assessed, only the Virgin Islands have used integrated collector/storage type solar water heaters, sometimes called “passive” water heaters. These are often ground mounted units, though they can be roof mounted. Tropical climates offer substantial cost savings over units that have separate collectors and storage tanks. The ground mounted unit is also less likely to be seriously damaged by a hurricane and does not face the problems of stress on the roof structure and of securely fastening the unit to the structure.

With the assistance of the FSEC, the VIEO has established a monitoring program that shows with reasonable accuracy the operational characteristics of the various types of solar water heaters they have installed. Thus they have the capability of providing good advice to households regarding both the type and size of solar water that is best for their needs. Even at $3,000 per installation, pay-back for solar water heaters in the Virgin Islands was from 4 to 7 years against electric water heating even before the recent electric rate hikes.

Recommendations

Since inefficient tank type electric water heating is often used in homes, an exchange of electric water heaters for solar may be in the best interest of WAPA as a hedge against increased investment in capacity and for fuel savings. The present high cost of electricity makes the economics look good for households with significant hot water use. A finance scheme or a “fee for service” program (whereby WAPA installs the solar heater and then charges a fixed monthly fee for the hot water service) should be considered. For commercial customers, a “lease-purchase” arrangement may be well received since there may be tax advantages for leasing relative to outright purchase.

Those visitor accommodations and public facilities (e.g. clinics, laundries, hospitals, schools) still using electricity or diesel fuel to heat water need to be assisted by the VIEO in learning of the economics of solar water heating relative to electricity use for water heating. If necessary, they should also be assisted in locating the necessary finance for a solar water heating installation.

Solar photovoltaics

Past programs

Past programs in solar photovoltaics have been primarily small demonstration projects that have included solar pumping, lighting, solar refrigeration and other household and small commercial uses of solar PV. Until its St. Thomas office moved to near the airport, the VIEO maintained a downtown demonstration center near the waterfront that included more than solar PV and solar water heating. The facility has been dismantled and will be moved to the new airport site, but visibility of the demonstration units will not be as high as at their old high traffic location.

Currently operational projects

Emphasis on solar PV by VIEO has recently been on grid connectable systems, not systems incorporating batteries, since much of the advantage of the solar PV is lost to the household if net metering is not available and there is no storage for night time use. Without the battery, most of the power from the PV will go into the grid at mid-day when the household often is vacant and energy use low but solar generation is at its maximum. Without net metering, the majority of the energy goes into the grid during the day at about ⅓ the retail rate (the rate being the amount claimed by WAPA to be their avoided cost) but must be bought back at night at the full retail rate. Thus without net metering, much of the value of the solar PV is lost if there is no local storage, and it is more cost effective to include batteries to store the excess daytime energy for use at night. Unfortunately, the overall economics of the installations is lowered. The batteries lose as much as 20% of the PV power in their charge/discharge cycle and of course the batteries add a great deal to the capital cost of the system.

A number of trial installations of battery storage, grid connected systems have been co-financed by the VIEO and the recipient households. The installations with the battery do have the added advantage of being able to provide power to houses when the WAPA power is off. For some homeowners, that is of greater value than the offset of WAPA costs. However, for large scale use of solar PV, only net metering is likely to result in large scale private investment in solar PV and even then, the installations will largely be on the homes of wealthy families who wish to make a visible environmental statement, until either PV panel prices fall or energy prices continue to rise to the point where direct connected PV power is directly competitive with WAPA delivered power.

Plans and recommendations

The use of privately owned solar PV for households and commercial buildings connected to the grid can provide a means of reducing the daytime peak and reduce the need for fossil fuels for power generation. Programs in Germany and Japan have resulted in the installation of hundreds of megawatts of solar panels by private investors in both countries. The installations include hundreds of small to large sized PV installations. In the case of Germany, power from the solar panels was required by the government to be purchased by utilities at a price substantially higher than their selling price for power. This higher cost of “green” power was then folded into the price of power to all utility consumers effectively taxing all power users to pay for the lowered dependence on fossil fuels by the utility. In Japan the program depended on financial incentives for households to invest in the solar panels and grid connection hardware using true net metering whereby power from the PV systems enters the grid at the same price as the household buys energy from the grid.

The initial reaction by WAPA to the concept of net metering is that it is unreasonable that hundreds of households could effectively get the same price for selling power to the grid as the utility gets from its customers but without any investment in the grid or its maintenance. Though on an individual household basis, that argument is at least partially correct, the experience has actually been that where net metering has been put into place, utilities have not seen any financial stress or technical problems as a result of grid connected household PV installations, but have received valuable public relations benefits for their progressive, “green” and environmentally conscious position. The number of installations that have gone into places using net metering have not been large relative to total generation – even in Germany and Japan the percentage of PV electricity sent into the grid relative to other generation remains quite small despite their substantial financial incentives to connect PV to the grid.

Utilities are also concerned about safety issues such as lines being energized by PV when they are down for maintenance. With the total grid connected PV installations around the world now exceeding 1,000 MW of PV panel capacity provided through hundreds of connections to the grid, those problems have clearly been solved at the PV end of the process and no utility system modifications have to be made to ensure safety. Should there be as many as 1,000 households connecting PV systems to the grid (an unlikely near term scenario for the Virgin Islands) the technical result will be only a reduction in the fuel requirement for generation, a slightly lowered mid-day peak load, and slightly lowered loading (and therefore lower energy losses) on the distribution systems that connect houses that have PV installations.

For solar PV to be installed on a large scale through private investment, net metering is essential because that allows PV installations to avoid the use of expensive and inefficient batteries for energy storage and makes the energy much more cost effective for the end user. During the day, a grid connected PV installation first delivers the household its energy needs then can inject any surplus electricity into the grid for use elsewhere. At night when the sun is not shining, the grid can deliver the equivalent of that surplus energy to the household. This exchange process effectively lowers daytime generation fuel requirements and the day-time peak power requirement for WAPA generation but does not cause any change in system load at night.

For home size PV installations in the 4-5 kWp panel size, the household is very unlikely to average a net daily input to the grid unless the home is unoccupied. The normal household electrical usage over the day usually exceeds the energy coming from a roof-top PV system so what typically happens is simply that the utility sees the equivalent of a high level of household energy conservation. The household still has a bill to pay for WAPA energy, it is just greatly reduced. 

On the other hand, WAPA cannot accept more than about 20% of the mid-day peak power requirement from solar PV without beginning to have to worry about system stability problems on partly cloudy days when solar inputs fluctuate rapidly. Thus a limit should be placed on the number and size of PV systems allowed to be connected to the grid. Assuming the average size of the PV system installed on homes is around 5 kWp of solar (similar to the Japanese and California household installations), then the energy from the solar would just about offset the energy needed in the household for basic household use but would not cover large loads like cooking or air-conditioning. Therefore for St. Thomas, WAPA need not be concerned until the input from solar exceeds about 20% of the relatively low Sunday peak which would be about 9 MW from solar. That would imply that the number of households that can have grid connected solar PV should probably be limited to around 1,800 homes on St. Thomas, and a somewhat smaller number on St. Croix and St. John, under 2006 conditions for WAPA generation. What has been done in some projects in other countries – more due to limited funding for incentives than to utility requirements – is to limit the number of households that can be accepted for grid connected PV installations to a set number each year. That not only helps ensure that the utility is not uncomfortable with the rate of growth of PV generation, but also is good for marketing as it makes the installation of solar PV exclusive to the select few. It is suggested that the Sacramento Municipal Utility District (SMUD) household solar program be examined as an example of a marketing approach that could make sense for the Virgin Islands.

To help promote the use of renewable energy for power generation and to increase the percentage of generation fed into the WAPA system that is renewable energy based, it is recommended that net metering (same price per kWh both into and from the grid) be established for household type grid-connected solar PV systems smaller than 10kWp of solar capacity. It is recommended that the VIEO continue to pursue the adoption of net metering by WAPA, and also to work with the government to make net metering a legal requirement for small, private PV installations.

It is also recommended that WAPA install several roof-top, grid-connected PV systems in the 4-5 kWp range and monitor their performance to get a better idea of the energy flows involved and to gain confidence in the technology.

1.15.2. Wind Energy

Historically, wind energy was an important energy source of energy for sugar cane processing in the years before the widespread use of electricity. The remnants of stone structures for windmills are found in many places on St. Croix attesting to the availability and usefulness of wind energy.

	Table 3-6 – Average St. Croix Wind Speed at 50m (m/s) 18N 65W

	Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Avg.

	10 yr. Avg.
	7.89
	7.41
	7.03
	5.93
	6.41
	7.07
	7.55
	7.02
	6.22
	5.62
	7.11
	7.33
	6.88

	Source – NASA Surface Meteorology and Solar EnergyE


In the 1970s and 80s, several wind power studies were conducted that indicated a resource likely to be economically developable. In 1991-1992, Sandia Laboratory and the University of New Mexico assisted the VIEO establish four good quality 10m and 30m wind monitoring masts, one on St. Thomas and three on St. Croix. Unfortunately tropical storms prevented the completion of a useable data set.

A new data collection effort was begun in 2005 with 10m and 30m measurements at one site each on St. Croix, St. Thomas and St. Johns using NRG equipment. As of early 2006, none of the sites had collected a full year of data with 10 months on St. Thomas and 5.5 months on St. Croix and St. John. The measurements are ongoing and hopefully a full year of data can be collected for all three sites. Meteorological data from St. Thomas and St. Croix have been collected for many years. Also the weather monitoring station at the Hovensa refinery provided the VIEO their St. Croix wind data for 1999 through 2003. Other data available included some 10m data collected by the University of the Virgin Islands and also annual wind speed estimates by NREL based on computer analysis of terrain.

In April 2006, Energy Answers Corporation of Puerto Rico provided a report to the VIEO analyzing the data from the latest data collection sites and examining environmental and installation issues that face wind farm development in the Virgin Islands. In general all the studies to date have indicated that wind power is reasonable for development in the Virgin Islands and as energy prices rise its benefits are improving.

WAPA is well aware of the possibility for wind supplementation for its generation. In 2006 a proposal to develop a 19.8 MW wind farm on St. Croix was selected as the best response to a tender for WAPA IPP power generation that could supply power at the avoided cost of added generation, set at $0.11/kWh by WAPA – though its 2006 avoided cost is claimed to be $0.183 /kWh, the lower cost is assumed based on expectations of improved generation efficiency by 2008. The principal competition to the wind farm proposal was for an IPP to burn coal for power.

Unfortunately, the negotiations for the wind-power development could not reach a mutually satisfactory conclusion, largely due to the uncertainty of the risk of hurricane damage and how to distribute the cost of any losses that could result. The project is not going forward and there are no firm plans by WAPA for wind development as of mid-2006.

To mitigate the hurricane damage, tilt-down type wind machines such as are being used for the 10 MW Butoni wind farm in Fiji and also in wind farms in New Caledonia may offer a solution, though their size is limited to around 300 kW. Wind generators specially engineered to withstand the extraordinary wind forces of hurricanes may also be practical but at significantly increased cost relative to non-hurricane zone construction and there is still some risk of damage due to flying debris. 

The University of the Virgin Islands has been measuring the wind resource at the edge of the campus for some time and has stated its intent to install a power generating turbine to offset its electricity demand. That will be a very visible demonstration of wind power, so it will be important that it works well. What is not needed is a poorly sited machine that is seen to sit idle most of the time or that is destroyed during the first hurricane passage. The VIEO should encourage the University to avoid the mistakes of early wind power installations in the Pacific that were intended to demonstrate wind power to the public but probably did more harm than good to the reputation of wind as a useful energy source.

It is recommended that there be a determination of the added cost of hurricane risk mitigation for wind power development considering both tilt-down type machines and fixed machines engineered to survive full hurricane force winds and associated flying debris. Once that information is available, the economics of wind development can be better determined and, if the economics looks reasonable at the current price of electricity production by WAPA, a project proposal can be prepared for funding.

1.15.3. Hydro Power

There are no economically developable hydro sites in the Virgin Islands. Ground water must be supplemented by water from desalination plants to even cover the need for a public water supply.

Pumped water storage has been considered, but does not appear to be a reasonable option. For pumped water storage to be economically reasonable, there needs to be a continuous source of relatively low cost generation for base loads and high cost power used for peaking. The cost differential between base load and peaking power is not large at WAPA. Also needed is a great deal of water. Using ocean water is not reasonable since large reservoirs at high elevations are required and salt water intrusion into ground water is not acceptable. Fresh water is at a premium in the Virgin Islands and the high evaporation loss from a large pumped storage reservoir would be expensive.

1.15.4. Biogas

The primary value of biogas digesters in island use has been for treatment of animal waste at large commercial piggeries, dairies and poultry farms to reduce environmental damage, the biogas is considered a useful byproduct not the main reason for making the investment. Where animal waste management is an issue, biogas digesters provide an environmentally sound way to treat the waste while also providing a modest source of energy. It is recommended that the VIEO continue its efforts to interest local animal facility owners in investing in biogas digesters. The VIEO should facilitate contact by those farmers with commercial suppliers of biogas equipment and assist the farm in locating finance for the installation. It is also suggested that the VIEO could bring all the commercial animal and poultry farms together to work out a group purchase and installation process. This would make the individual cost lower since shipping of equipment and installation supervision by suppliers will be less costly.

When developing or upgrading solid-waste and sewage treatment systems, biogas collection should be considered and, if found to be economically reasonable, should be included. In 2000, the MacGuire Group, Inc. was commissioned to study the biogas development possibilities associated with the three landfills in the Virgin Islands. The study indicates that the St. Croix landfill could provide 1.6 MW in generation capacity, the St. Thomas landfill (soon to close) could provide 2.1 MW and the much smaller and already closed St. John landfill could provide only 40kW. Under the Clean Air Act, the gas from the St. Thomas landfill is required to be collected and burned either for energy or just flared, the other two landfills do not have that requirement. MacGuire’s analysis indicates that both the St. Thomas Bovoni landfill and the St. Croix Anguilla landfill can be developed profitably for power production, particularly if the power can be sold nearby at retail rates instead of at wholesale to WAPA. The St. John Susannaburg landfill, however, would not be cost effective to use for power generation. Where the land fill gas collection is cost effective, it is recommended for implementation as a fuel saving measure.

Examination of the sewer plants for possible cost effective biogas retrofitting (as is being done in Fiji) should be considered. When plans are made for upgrading sewer processing facilities, biogas production should also be considered and, if cost effective, included

1.15.5. Biomass, Combustion and Gasification

Where there is large scale agricultural processing, there may be an opportunity for cogeneration using waste from the process that has no other economic value. If large scale biofuel development occurs in the Virgin Islands, then it may be reasonable to burn or gasify the biomass waste for process heat and electrical power production for plant use and cogeneration for WAPA. At present, there is little opportunity for power generation through biomass combustion or gasification. Attempts to develop a crop specifically for combustion or gasification have not resulted in sustainable energy production in other island locations; given the cost of land and the amount of agricultural land that is available in the Virgin Islands, such energy crops are not likely to be the best use of the limited land resource.

1.15.6. Biofuels

Presently, there are no commercially useful biofuel crops being grown in the Virgin Islands. Sugar cane was once a major crop but has long been out of commercial production. The large investment in land and facilities to develop a large enough biofuel capacity to have significant impact on imported fuel use is not likely to be justified until a substantially higher cost of fuel is the norm.

For the Virgin Islands, ethanol is probably the most marketable biofuel that could be produced in large quantities on the islands. Even if the ethanol cannot be used to replace gasoline for vehicle fuel on the islands, the Hovensa refinery on St. Croix  – the largest in the Western Hemisphere – probably can purchase any amount that can ever be produced in the Virgin Islands.

The VIEO has sponsored some studies in this regard and should continue to examine the opportunity for reviving sugar cane production and the production of other biofuel crops that have reasonably high production (and energy) efficiencies when grown under Virgin Island Conditions. Given the limited agricultural land available in the Virgin Islands – most of it on St. Croix – it is unlikely that local biofuel production can ever fully offset the existing gasoline use in the Virgin Islands but any renewable energy development that makes economic sense at any scale should be considered.

1.15.7. Ocean Energy 

Ocean conditions and ocean floor slopes are favorable for ocean thermal energy technologies (OTEC). However, power generation using ocean thermal energy is not yet technically or commercially proven at the multi-megawatt levels that would make economic sense. To date there have been no commercial scale installations and the technology cannot be recommended until plants greater than 1 MW in capacity are both commercially proven and are shown to provide energy reliably at an acceptable cost. That is not expected to happen in the near future.

Offers to provide OTEC provided power under IPP conditions should only be considered if the IPP is willing to guarantee a certain level of production and there are large penalties for the non-delivery of guaranteed power. Floating OTEC installations as have been proposed for IPP development in the Virgin Islands have a higher risk of damage from hurricanes than shore facilities. If for any reason power cannot be delivered from the IPP then WAPA will need to maintain the capacity to make up the loss and the cost of that requirement needs to be included in the economic analysis associated with power delivered by an IPP from OTEC generation.

Air conditioning provided by the circulation of cold water from below the 1000 foot level in the tropical ocean is a somewhat more proven technology than OTEC but not yet proven in an oceanic environment that includes hurricane passage and the accompanying heavy wave action. Also, whether the rather large investment for accessing the deep, cold ocean water and then distributing it to users could be recovered through providing air-conditioning to the dispersed loads of urban St. Thomas is questionable.

1.15.8. Geothermal

Some relatively nearby island countries do have volcanic activity, so the possibility of geothermal energy has been considered for the Virgin Islands even though no surface manifestations of geothermal activity are known to be present. A very limited examination of geothermal as an energy source for the Virgin Islands was carried out in the 1990s with negative results. While deep drilling may provide access to hot rocks that could provide geothermal energy, the cost of access and power system development is highly likely to be too great to be economically reasonable for the Virgin Islands.

1.15.9. Tidal

No opportunity for the development of tidal power that is likely to be economically developable is known for the Virgin Islands.

1.15.10. Wave

Wave power remains a technology that is not commercially developed, though technical trials of several technologies appear to have promise for the future. The wave energy resource has not been measured around the Virgin Islands and no resource assessment is proposed until commercially available wind energy conversion devices are well proven to provide cost effective energy for sites that include the risk of hurricane passage
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