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The U. S. Virgin Islands faces many of the same problems encountered by all small island nations. One of these problems is a relatively small power system with limited interconnection and generation that is based on older technology petroleum fueled with relatively poor heat rates. This is often further complicated by a reliability criteria that requires that the online generation have in spinning reserve a capacity that is equal to the largest of the two generating units that are presently online (the N-2 criteria). This criteria leads to excessively high spinning reserve margins and excessive costs which are further increased by the recent upturn in petroleum costs. While replacement with more modern higher efficiency, multi-fuel generation is a technical solution; the utility is probably not in a position to handle a large financial outlay.  The use of demand side management via a modern SCADA system and load control system as a means of shedding load and supplying an alternative to added generation is a also possibility but was not considered here because of the limited scope of work.

Generation and Spinning Reserve Issues

Examining the average and peak loads on the WAPA main islands (St. Croix [SC] and

 St. Thomas - St. John [STSJ]) and the break out of the generating capacity for each system, we find a system with nominal peak / average loads in 2005 of about 90 MW / 65 MW for STSJ and 56 MW / 42 MW for SC. Without going into detail and since the heat rates for the plants are not known to the author, it is evident form the generation mix available that for STSJ only about 35% of the capacity can serve the average load but 65% of the capacity is on line at that time (a near 85% spinning reserve margin). During peak load the values climb to 50% of capacity serving load with 83% of total capacity online (a near 60% spinning reserve margin.  Similar statements hold for the system on SC. The problem is complicated by the use of steam plant boilers in the desalinization process. The author bases this analysis on the report Territorial Energy Assessment (Wade, 2005).  It is not possible to estimate the cost of the spinning reserve component form this information but fuel expenses are reportedly very high (Devan Smith, private communication).

Conservation, Demand Side Management, and Renewable Energy

The aforementioned Territorial Energy Assessment provides several strong recommendations with which the author strongly agrees. The most important being improved generation efficiency with newer generation, increased conservation efforts, and the use of renewable energy where possible. Wind was briefly evaluated but must be considered carefully because of the variable nature of the resource and limited spinning reserve margins available. In most applications, the maximum wind resource could not exceed 20% of installed capacity without severe impacts and unit sizes would probably be less than 1 MW. Providing incentives for hotel, large business, and the limited large industry on the island to accept curtailed loads or allow there generation to be connected to the islands grids in emergency should be explored because it would allow a lower spinning reserve margin and relieve load on the distribution grid. On the conservation side, it is evident to the author that at least for the commercial side high electricity prices do not seem to curtail use.  A very good example is the open shop door to attract customers (B. Smith, private communications and authors observation during visits to the VI). The author suggest the use of air curtains and ceiling fans coupled with incentives to set thermostats higher as a means of reducing this wasteful energy practice.

Interconnection of St. Thomas (ST) and St. Croix (SC) Systems

As a means of increasing system reliability and reducing spinning reserve requirements without adding new generation, it has been suggested that the two island systems be interconnected by the use of an undersea cable between ST and SC rated at 100 MW. The author has referenced the literature and prepared an estimate of the cost of such an interconnection. It is not possible to estimate the savings because many operational parameters are not available during this short study. The distance, the capacity, and the voltage ratings used present few technical problems with the cost estimates since all are within present cable capability. The world’s presently installed power cable systems have exhibited long life and high reliability (more than 20-30 years with limited maintenance). However, the depth of the seabed between ST and SC (2-6 km) is a large issue (Hawaii Interisland Cable). All power cable systems presently in service are in waters less than 1000 meters deep. A contract has been awarded to ABB/Prysmian for a cable between Italy and Sardinia that will reach 1600 meters and cover a 75 km distance. The Prysmian web site suggests that depths up to 2000 meters are possible with careful design and additional R&D using composites for strength and careful insulation system design. Discussions with ABB (Rosenqvist, private communication) indicate that the depth is an issue because of the mechanical stress that the able must be designed to withstand during installation and repairs, such as the cable weight plus other forces; e.g., current and bottom drag. Because the cable must be designed with minimal weight and the possibility of using the ocean and earth as return conductors, a dc cable is the preferred and potentially least expensive system (Russia-Finland presentation , ABB, Siemens, Prysmian web sites).  In addition, the dc link would provide very controlled power flow in both directions. The best available technology is the use of high voltage dc obtained by using voltage source inverter stations with either bi-polar sea return or metallic return. Such systems are available from ABB, Siemens, Areva et al. with cable supplied by ABB, Prysmian, Nexans et al. Long term reliability remains to be established but results have initially been favorable.

It is possible to provide a rough estimate for the cost of such a system by examining published cable system prices for inverters and cables.  Inverter station costs for a 100 MVA voltage source, HVDC inverter (nominally +/- 100 kV) would be $125/kVA or for two stations a total price of about $25M installed. The cable presents the major difficulty but assuming 1) the earth is used for the return current, 2) an installed distance of an estimated 135 km that follows the undersea ridge east from SC and returns from the east to ST staying above the 2000 m depth, 3) two conductors in cable at $500/m leads to an estimated cable cost of about $135M or a total system cost of $160M installed. If a metallic return (third conductor) is included for operating flexibility and enhanced reliability the cable cost increase to $200M for a total cost of $225M. Design and installation time 2-3 years.  The VI WAPA can estimate whether this cost is viable as a means of offsetting spinning reserve and adding capacity but at present fuel prices the author suspects that it is viable. However, it is strongly advised that the availability of cable that can be installed and operated in the area be discussed with cable and HVDC systems suppliers such as ABB, Siemens, Nexan, Prysmian et al. prior to performing a full systems design effort.

West Indies Power Geothermal Proposal

West Indies Power (WIP) a Caribbean based independent power producer specializing in the development and operation of geothermal power plants and their offshoots has approached the Virgin Islands WAPA. WIP is a Netherlands Antilles company with offices in Charlestown, Nevis, W.I. and in Roseau, Commonwealth of Dominica, W.I. and is owned by Caribbean and European shareholders.

WIP proposes to invest in the expansion of the geothermal plants on Nevis and Saba and the submarine HVDC cable to supply the USVI with 100MW’s of firm power in 2011 at a price of USD $0.11-0.12/kWh escalating at labor, expendables, and material costs with a cap. Benefits to the WAPA are said to be the following:

· Lower electrical prices

· Known escalators for planning purposes

· Eliminate dependence on importation of diesel

· Clean renewable reliable power

· Multiple power plants to insure security of supply

· Savings from not having to purchase imported oil

· No land or pollution issues.

With the requirement that WIP and WAPA enter into a long term Power Purchase Agreement (PPA) in which WIP will supply 100MW’s of geothermal power to WAPA at an agreed upon price and delivery date (

Is this proposal viable? Given the fact that the U.S. Department of Energy estimates potential availability of geothermal energy as 202 MW from Saba and 610 MW at Nivis with 200 MW and 600 MW available for export, the question becomes is there a cable route that is viable and highly reliable at a reasonable cost to WIP. The question again is one of depth (install above the 2000 m level) and an experienced supplier with appropriate warranty.

An estimate of the cable cost to supply 100 MW each to SC and ST using the methods of the previous paragraph and nominal lengths of 135 km to SC from Saba and 150 km from ST to Nivis gives estimated cable costs of  $135 M and $150 M respectively. Metallic return costs are $202 M and $225 M and is preferred for reliability and flexibility. To this one adds the inverter costs of four (4) inverter stations $50 M and generating plant costs of a nominal $100 M for a total investment of  $435 M.

Using a VI WAPA electric use of 1 B kwh/year and the proposed tariff results in revenue of  $120 M /year which with 10% ROI leads to 5-6 year payback.  So if a cable can be designed to work at the depths and voltages suggested, the investment and offer look very attractive. Interestingly, the entire chain of Caribbean islands with it’s 10,000 MW potential can be linked with HVDC in a multi-terminal arrangement and connected to the North and South American grids. This is a very ambitious but perhaps achievable project.

The limited details of the WIP proposal do not provide sufficient detail to determine the true cost or savings to the WAPA. Clearly, WAPA would not scrap all existing generation because of possible emergency needs. Details are beyond the scope of this effort.
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