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The electrical power for Chuuk is provided by the CPUC. It is governed by a five member board of directors
appointed by the Governor and ratified by the legislature. The Board hires a General Manger to manage the
Utility. The CPUC provides power only to the island of Weno, although that service is unreliable both
because of the poor condition of the generators (which make power rationing a necessity providing power to

only around half the island at any given time) and the poor financial condition of the utility (which forces it to
shut down its electrical production frequently because there are not enough funds to purchase diesel fuel).
The frequent power outages obviously complicate CPUC’s financial standing. Most businesses have installed
backup power systems to carry their operations during the frequent power outages. To make matters worse, a
number of large businesses have completely disconnected from the CPUC, claiming that it is cheaper for them
to generate their own power. Among them are the Blue Lagoon Resort, AWM, and Susumu Enterprises. This
is a very significant loss of revenue for the CPUC and complicates their already poor financial situation. No



formal estimates have been made, but a reasonable estimate is that all these factors have decreased revenues

to the CPUC by around 75 percent. 261
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1. EXECUTIVE SUMMARY

1.1. PURPOSE OF THIS REPORT

This document reports on the energy consumption for seven U.S.-affiliated Insular Areas and is
intended to fulfill the requirement of Section 251 of the EPACT of 2005, which directs the
Secretary of the Interior, in consultation with the Secretary of Energy and the heads of
Government of each insular area to update the Territorial Energy Assessment (U.S. DOE, 1982).

EPACT directed the Secretary of the Department of Energy (DOE) to carry out the requirements
of the Act. The Department of Interior (DOI) was authorized to carry out the requirements of the
Act as it relates to the initial studies. DOI, having worked extensively with the Pacific Power
Association on many varied programs for training and other programs for electric utilities in the
Pacific Island region, contracted with the PPA to perform this study. The PPA is a regional,
nongovernmental, nonprofit organization promoting the direct cooperation of the Pacific island
power utilities in technical training, exchange of information, sharing of senior management and
engineering expertise, and other activities of benefit to the members. The PPA’s Secretariat is
located in Suva, Fiji.

1.2.1SLAND AREAS COVERED IN REPORT

The U.S.-affiliated Insular Areas included in this report (Insular Areas) are (a) the U.S. territories
of Guam, American Samoa, the CNMI and the U.S. Virgin Islands; and (b) three sovereign
nations in free association with the United States, i.e., Freely Associated States: the RMI, the
FSM, and the Republic of Palau. The FSM includes the States of Chuuk, Kosrae, Pohnpei, and
Yap. The DOI generally administers the Federal Government’s relationship with the Territories,
and administers the financial assistance that the United States provides to the Freely Associated
States under the Compacts of Free Association.

1.3.ENGAGEMENT OF GOVERNMENT AND UTILITIES

This work was carried out in cooperation with each Insular Area. The PPA consultants, upon
receiving authorization from the DOI in late March 2006 to proceed with work on the project,
visited each of the Insular Areas between April 3 and June 20, 2006.

Meetings were held with Government officials of each of the Insular Areas and with the General
Manager and planning personnel of each of the utilities. Government officials provided records
and other sources, although often sparingly available, regarding background information about
each area’s economy, energy use, fuel imports, energy and development plans, and potential
energy efficiency and renewable energy opportunities. They also provided background
information on demographics, economic development, and other aspects of each local situation.
Meetings with the utilities focused on gathering information about the utilities present, condition
of the electric facilities, future plans, methods to reduce the use of fossil fuels, opportunities for
supply-side and demand-side energy efficiency programs, and renewable energy opportunities.



1.4.DRIVING FORCES

Import Dependence

As was noted in the 1982 Energy Assessment, the recent rising oil prices have had a severe
economic effect on the Insular Areas, which depend almost totally on imported petroleum
products for energy. The Insular Areas have no indigenous fossil fuels, and their near complete
reliance on a single, increasingly expensive energy source has created fiscal burdens that have
hampered economic development. Officials in every island expressed very serious concern over
the escalating cost of energy, including fuels for transportation systems and especially the effects
on the price of electrical energy. Most electric utilities are being seriously impacted financially.
Bond ratings are being downgraded and financial reserves are being depleted. Comments from
some officials expressed that some islands, especially the smaller islands, may in a matter of 3 or
4 years lose all of the economic progress that the islands have worked so hard to build for the
past 20 years if island sources of revenue are unable to maintain pace with the substantial
increase in energy costs. This is especially true in the islands under the new Compact of Free
Association, where the method of income flow has changed.

Electrical energy costs on the United States mainland are in the range of 10-14 cents per
kilowatt-hour, with a national average of 11 cents per kilowatt-hour in late 2005. The Insular
Areas’ electrical energy price to the average customer ranges from 25-34 cents per kilowatt-
hour. The cost of fuel to the electric power stations ranged from $70 per barrel for those utilities
who have facilities and contracts to be able to purchase directly in bulk, to $2.85 per gallon
(equivalent to $119 per barrel) for utilities captive to local or regional fuel suppliers. Average
efficiencies of power plant production facilitates for converting petroleum fuel to electrical
energy ranged from 25 percent to 35 percent.

In contrast to the 1982 assessment, the utilities in the Insular Areas, excepting perhaps one or
two, are well established and are no longer receiving substantial subsidies from the U.S.
Government, although occasionally a government will assist the utility with a capital project.
Generally, the utilities have established rates to cover all operational and some capital expense.
Several of the utilities, however, still do not have rates sufficient to recover all capital
depreciation costs. All islands have established and are operating under the direction of an
independent power authority. The independent utility authorities, with the exception of two, are
operating in a fiscally sound manner, setting and adhering to budgets, collecting billings and
establishing realistic strategic plans.

One major concern is that the electric production facilities are now of an age where maintenance
is becoming a major element of utility costs and the efficiencies of the existing engines and
steam turbines are much less than new units available on the market today. The costs sunk in
existing units are holding officials back from purchasing new, higher efficiency generators.
Capital funds are not readily available for some utilities, especially the smaller systems that do
not have good access to the bond markets. This is particularly true of the FSM states where the
utilities must compete with other Government infrastructure projects for priority for Compact Il
funds. In many of the islands, the largest savings of fossil fuel can be accomplished by the
replacement of old, inefficient generating units and improving the operations of the existing units
to obtain the greatest supply efficiency possible.



The condition of the economies of the Insular Areas varies. The economies of the U.S. Virgin
Islands, Guam and Palau are strong. The economy of CNMI has suffered recently with the
decline in the garment industry. The economies of the FSM States and the Republic of the
Marshall Islands, although having some bright spots, are generally having difficulty transitioning
from the Compact I to the Compact Il funding arrangement. The change in funding has altered
the way funds enter the local economy. Added to the Compact Il funding issues is the high cost
of energy, which impacts transport of goods, travel, and fuel for both local transportation and
domestic use, and is strongly felt in the high cost of electricity. In the Pacific island area, the
territories and countries are spread over a region far larger than the continental United States, but
the land area, population, and energy demand is very small. Populations have grown
substantially since 1982 and the economies have changed, which also has had an effect on the
electrical loads. Total electric peak loads have increased from 271.8 MW in 1982* to 554.5 MW
in 2005.

Table 1-1 Imported petroleum products continue to
Total Electric Peak Load provide nearly all the commercial fuels in the

1982 2005 | islands. In the Pacific islands, especially the
TEA (1) | (2) outer islands of FSM and RMI, the use of

Jurisdictions MW MW local wood, coconut husks, and other
Guam 155 2785 | Diomass products are used extensively for
American S 133 23 cooking. Inthe modern urban centers of all
Mmerican samoa : of the entire Pacific islands and particularly
CNMI 15.4 715 | Guam, CNMI and Palau, most fuels for
Marshalls 5 11.6 cooking are electricity, kerosene, or liquid
Palau 3.1 14 petroleum gas (LPG).
Micronesia 7 14.1

A portion of the high cost of fuel oil in the

Usvi 73 1418 | pacific Region reflects the lack of
competition among suppliers in the region.
Total 271.8 554.5 | The RMI has its own bulk fuel facility and
purchases fuel from the bulk market. RMI
[1] Source: DOE, 1982 therefore provides wholesale bulk fuel prices
[2] source: All except the Virgin Islands, reported to the Pacific to its power plant and is able to provide
Power Association by member utilities, 2005.The Virgin Islands, Mobil Oil competition for fuel sales
from information developed in the 2006 site visit for this to the regional fishing fleets. The RMI
assessment. bulk fuel center uses profits from the sale

of fuel to the fishing fleets to subsidize the
cost of fuel to the electric customers. Kosrae, one of the States of the FSM, has its own bulk fuel
tank farm, but its operation is relatively small and has not been able to compete as well as the
RMI bulk fuel operation. FSM, RMI, and the Republic of Palau have been exploring options for
fuel supply that could provide an element of competition in the Pacific island region that does
not now exist.

One of the major uses of petroleum products in all of the islands is for transportation.
Opportunities for reducing the use of fossil fuels in the transportation sector are very limited.
Commercial airlines are one of the major users of petroleum fuels. They have already instituted

11982 values from the TEA plus the 1982 Virgin Islands load
iii



programs to maximize profits and have reduced the use of fuel as far as possible, mostly by
converting to aircraft with much more efficient engines. Fishing fleets and other marine craft
also practice fuel-efficient measures to maximize profits, therefore there are limited opportunities
for fuel savings.

1.5.SUMMARY OF RECOMMENDATIONS

This study investigated a number of opportunities for reducing petroleum dependence in the
Insular Areas. The following summary describes the most promising of these opportunities and
their specific applicability.

o &

10.

11.

1.5.1. Recommendations for Collective Action and Coordination among the
Insular Areas

Develop and encourage forums and mechanisms for U.S. Insular Areas to share technical
information and to share experience in projects, policies, and programs. Sharing information
about best practices and about creating self-sustaining efforts will be particularly valuable.
Facilitate collective action to capitalize on key end-use efficiency opportunities, such as the
use of compact fluorescent lamps.

Explore the possibility of multicountry arrangements with international energy service
companies (ESCOs), in which they would support the deployment of ESCO-type services by
Governments, utilities, or other institutions appropriate in specific locales.

Consider collective action to increase competition among fuel suppliers in the region.
Develop a generic prefeasibility assessment for wind resource assessments that will help
Insular Areas where detailed resource assessments, which are costly, could be appropriate.
Although power generation using ocean thermal energy has not yet been technically or
commercially proven at the multimegawatt levels that would make economic sense, there
may be potential for its development if the price of fossil fuels continues to increase,
especially in the U.S. Virgin Islands. This renewable technology should be considered by the
DOl for cooperative discussions with the USDOE as a potential long-term renewable
resource for the insular territories. The Virgin Islands, American Samoa, Guam, and the
Commonwealth of the Northern Mariana Islands should have completed hydrographic
studies that indicate they have good potential for OTEC. Palau also has data that is
indicative of accessible OTEC resources.

Create a mechanism to ensure that the grant process resulting from EPACT Section 251
coordinates with the grant activities under the Compact of Free Association in the Freely
Associated States.

Take appropriate steps to ensure that all of these efforts are coordinated with the activities of
the many regional organizations already active in the region and take advantage of
opportunities to leverage with their activities.

Develop capacity in Insular Areas and utilities by training personnel in the use of the
USDOE’s HOMER program for evaluations of renewable systems in rural and outer island
applications.

Establish an Insular Area engine preventive maintenance program for training and the
sharing of operational knowledge between operation personnel of the U.S. Insular Areas.
Establish an Insular Area training program specifically to address supply-side and demand-
side energy issues. The program should have two levels: one for the General Managers and
top supervisors/engineers: and one for Energy Officers/Energy auditors and customer service
representatives that have contact with the customers at their homes and businesses.



12.

13.

Support regional technical conferences where operational, administrative, supervisory and
managerial personnel can interact and exchange knowledge of best practices in the Insular
Areas.

Review the maintenance practices in the power plants.

1.5.2. Recommendations Common Across all Insular Areas in Supply-Side
Management

1. Conduct a detailed, quantified power system loss study as a stage 1 project. The project
would measure and collect the electrical characteristics of the power system from
generation through substation, transmission, distribution and metering, 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. This
study would also suggest which of the measures below would be most beneficial and
would be prioritized.

Review the maintenance practices in the power plants.

3. Conduct a complete technical review of each engine to assure that it is performing in the

most efficient manner and make necessary repairs and upgrades.

Make necessary improvements to the engines to enhance efficiency.

Analyze all station service motors and devices in the plant to assure that the highest

efficiency motors, lighting systems, air-conditioners, etc., are installed.

6. Test all fuel meters and all watt hour meters to each engine and have crews take at least
hourly readings. Have plant managers and/or analysts review the data daily to assure that
the generating units are performing and are being operated at top performance levels.

7. Investigate the feasibility of testing all fuel to assure that it meets energy value levels
according to specifications and the use of these test values to evaluate efficiencies of the
engines.

8. Review the daily operating cycles and loading of all generating units to assure that all
units are being properly dispatched for maximum efficiency consistent with best
reliability for the electric delivery system.

9. Review the power factor on station service and install capacitors if necessary to provide
necessary VARs for the various station service motors.

10. Review all substation step-up transformer configurations to assure that only the minimum
transformers necessary to carry the load are energized, thus reducing the no-load losses in
the substation.

11. Review the power factor on all distribution line and install capacitors where necessary to
provide necessary VARSs such that the VAR energy does not need to come from the
generator.

12. Review the loading on all power lines and balance the loads such that the neutral currents
are balanced nearest to the load to prevent neutral currents from traveling back to the
generator to be balanced to zero.

13. Review the loading on all distribution transformers to assure maximum utilization of
transformer KVA capability, thus minimizing per customer distribution transformer
losses.

14. Review the specifications and evaluation formulas for purchasing all transformers,
including distribution and substation transformers, to assure most efficient transformers
considering cost of energy in each utility.
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15. Review the conductor sizing to determine if replacement with larger conductor with
lower losses is cost-effective.

16. Review the street light systems to assure maximum efficiencies for desired lighting
system.

17. Test all commercial, industrial, and power plant electric meters annually and test all
residential meters on a seven year cycle. Have meter readers and customer service meter
billing personnel trained to detect meter tampering and electric use diversion that are the
cause of distribution system losses, thus placing a higher energy tariffs on honest
customers to pay for theft or meter malfunction losses.

1.5.3. Recommendations for Individual Areas in Supply-Side Management
Guam

1. Consider installation of coal fired electric power generation.
2. Establish Government legislation that makes electricity theft a crime.

Virgin Islands
1. Consider working with HOVENSA, the fuel oil supplier to the U.S. Virgin Islands Water

and Power Authority, in a purchase power agreement whereby HOVENSA can utilize
their more efficient process systems and low cost purchased fuel to provide and sell
electricity to the St. Croix power system.

2. Consider a partnership or purchase arrangement with larger hotels and resorts for excess
power from cogeneration units to install in their facilities to furnish part of their power,
extract waste heat from the diesel generator unit for use in hot water applications, and
produce chilled water for air-conditioning.

3. Consider installation of diesel engines at power stations in St. Thomas and St. Croix to
replace existing inefficient generation.

4. Address the feasibility of using petroleum coke as a fuel.

American Samoa

1. Work with tuna canneries to furnish hot water from waste heat from existing engines,
thereby increasing the efficient use of energy in existing diesel generators.

2. Consider newer and more efficient generating units.

Explore different fuels for lowest cost considering technological issues.

4. Establish Government legislation that makes electricity theft a crime.

w

Commonwealth of the Northern Marianas

1. Perform a feasibility study to determine whether coal fired units should be incorporated
into the generation mix.

2. Perform a feasibility study on establishing a mass transit system utilizing small, fuel-
efficient, privately owned buses

3. Increase rates and/or fuel adjustment charges to recover costs incurred to run the utility.
This must include funds to perform factory recommended and other maintenance on
CNMI assets.

4. Establish Government legislation that makes electricity theft a crime.

Vi



Kosrae State—Federated States of Micronesia

N =

5.

Reinstitute the program to distribute low-cost fluorescent lights.

Continue installation of cash power meters.

Continue efforts to capture waste heat from existing diesel engines for use in producing
chilled water for air-conditioning the nearby Government, institutional, and business
buildings.

Develop an efficient central island refrigeration facility at the Kosrae power plant in
order to allow the numerous inefficient container type refrigeration units to be phased
out.

Consider development of a bus system for more efficient transportation.

Chuuk—Federated States of Micronesia

1.

8.

9.

Make every effort necessary to repair the existing generators in order to restore power on
a full-time basis and reduce or eliminate the need for customers to install and operate
their own smaller and less efficient generators.

Establish a letter of credit system so that CPUC has the financial resources and vendor
trust to ship needed engine and electric distribution system parts and equipment such that
the larger and more efficient CPUC electrical generators can be utilized in Chuuk rather
than the small and inefficient customer-owned generators.

Reinstall electric meters on all Government facilities, including water wells and
wastewater pumping stations, and resume regular billing and collection for service to
place responsibility for energy use on the Government department receiving the service,
thus encouraging more efficient use of electrical service.

Correct the low power factor of the power system with the installation of capacitors at
appropriate locations.

Train power plant operators and maintenance personnel so they will be able to operate the
power plant efficiently and maintain it in an appropriate manner.

Improve financial record keeping, reporting, and operational monitoring so the
management and CPUC Board can make appropriate strategic and operational decisions
to improve the efficiency of the electric system.

Develop a better and more efficient method of transporting people around the outer
islands and into the capital island of Weno rather than substantial reliance on small
personal boats.

Consider a fuel-efficient bus system on Weno to reduce the need for the large number of
private vehicles.

Establish Government legislation that makes electricity theft a crime.

Pohnpei—Federated States of Micronesia

1.

2.

Conduct a resource assessment and prefeasibility analysis of additional hydroelectric
units in Pohnpei.

Continue work on the assessment of the cost benefit analysis of replacing existing older,
less-efficient generating units with modern and more efficient generating units.
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Yap—Federated States of Micronesia

Recommendations for Yap are covered in the common recommendations Section 1.5.2.

Republic of the Marshall Islands

1.

2.

3.

In Majuro, review the power plant station service uses of approximately 7 percent and study
possible methods to reduce power uses in the plant.

In Majuro, conduct a study of the reactive power on Majuro to determine if savings could be
affected by installing capacitors in the business and Government center complexes.

In Kwajalein, perform a comprehensive review of the maintenance practices in the power
plant.

Republic of Palau

1.

2.

Establish rates sufficient to cover the cost of maintenance so the engines can perform at
maximum efficiency.

Make every effort necessary to repair the existing generators in order to restore power on a
full-time basis and reduce or eliminate the need for customers to install and operate their own
smaller and less efficient generators.

Encouraging more efficient use of electrical service by installing electric meters on all
Government facilities; place responsibility for energy use on the Government department
receiving the service by means of regular billing and collection.

Establish Government legislation that makes electricity theft a crime.

1.5.4. Summary of Recommendations for Demand-Side Energy Efficiency and
Renewable Energy

The following table summarizes the recommendations for each island area for energy efficiency
improvement and renewable energy. Specific recommendations are based on local capacity for
implementation, the existence or absence of programs for the listed measure, and applicability to
the island area. Therefore, although a particular measure that is not recommended could be
useful for a particular island area, it is not recommended because either there is already a
program in place or because the capacity to implement the measure was not assessed as
sufficient to properly carry out the measure.
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The measures are both listed in an arbitrary order; priority is not to be inferred from the
position of a measure in the list.
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DEMAND-SIDE EFFICIENCY

Government energy focal point
agency needed to carry out energy

programs
_____________________________________________|

Electric metering and Tariffs

Ensure that utility is charging the
full economic cost of provision of
electrical services

Consider a three tier domestic tariff
with low lifeline rate to

100 kWh/mo, sharply higher rate to
500 kWh/mo and again sharply

higher rate above 1000 kwWh/month
I —

Demand-Side Efficiency for
Households

Seek alternatives for school and
home energy programs to replace
State Energy Program funds due to
be lost in 2007

Adapt USDOE and SOPAC energy
efficiency literature to local
conditions and use for public
information and schools programs in
energy efficiency

Programs to improve lighting
efficiency through replacement of
incandescent lights and magnetic
ballast fluorescents by CFLs and
electronic ballast fluorescents

Utilities work with LPG distributors
to exchange electric cook stoves
with LPG units
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Public information program for air-
conditioner, refrigerator and freezer
maintenance and energy efficiency

improvement
I —————

Demand-Side Efficiency for
Government and Commercial
Buildings

Government upgrade all lighting to
high efficiency units

Work with local banks to develop
finance package for commercial
energy efficiency improvement

Add energy efficiency specialist to
Capitol Complex staff

Government develop capacity to
provide contract maintenance for
sustaining energy efficiency of
refrigeration type equipment in
commercial establishments

Hospital renovation should include
energy efficiency improvements

Hospital should have low energy
efficiency equipment replaced and a
person designated as responsible for
energy efficiency maintenance and
improvement

Continue and expand household
energy audit program

Household air-conditioner
maintenance assistance and
information program
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Do professional audits of high
energy use Government facilities
and prepare proposals for
implementation of cost-effective
efficiency improvements

Enforce existing energy efficiency
regulations for Government facilities

Utility make available energy audits
for commercial buildings at low cost

Utility or Energy Office assist
businesses to make contact with
ESCOs for full energy efficiency
improvement service

Work with military authorities to
extend energy efficiency programs
to military housing and facilities

Audit public water supply pumping
and sewer pumping for energy
efficiency

Tourist facilities consider waste heat
from air-conditioning and generators

for water heating
I ——

Building Energy Efficiency
Standards

Include energy codes in building
codes

Enforce existing regulations for
energy in Government building
construction

Add those basic energy efficiency
measures to building codes that are

within enforcement capacity
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Develop and enforce the use of
guidelines for energy efficiency in
new Government building
construction

New schools and clinics to be built
on outer islands should be designed
to take advantage of winds for

ventilation
I

Appliance Energy Standards

Inform the public that the estimated
cost of appliance operation shown
on U.S. appliance labels is much too
low due to higher real cost of
electricity in the islands

Enforce Government energy
standards for equipment purchase

High EER air-conditioners required
to be purchased by Government for
new or replacement installations

Add tax on low efficiency

appliances
I —

Energy Audits and Performance
Contracting

Market survey of commerce and
Government for ESCO services

Encourage local
architectural/engineering firms to
associate with external ESCO to
bring ESCO services to the island
area

Training to Government staff in
energy auditing of buildings and
pumping systems; then carry out
audits

Xii
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Transport Energy Efficiency

Expand car-pooling through public
information and hot lines

Consider Park-and-Ride suburban
and rural parking areas to join
carpools or public transport into
urban areas

Consider encouraging expansion of
neighborhood shopping areas

Provide tuneup centers to help
consumers improve energy
efficiency for personal vehicles

Adjust tax on gasoline and diesel
fuel to keep diesel fuel retail price
below gasoline to send signal to
consumer that diesel vehicles are a
cheaper option

Tax low efficiency vehicle
imports/sales

Enforce Government Executive
Order to purchase vehicles on the
basis of life cycle cost not first cost

Repair roads to improve vehicle fuel
efficiency

Government vehicle purchases
should only be diesel powered

Carry out a study of the options for
public transport

For sea transport encourage
replacement of low efficiency
gasoline engines with diesels
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When replacing cargo vessels,
ensure fuel efficiency has high
priority (including donor supplied
vessels)

RENEWABLE ENERGY

Solar

Utility consider renting or financing
the sale of solar water heaters with
payments added to utility bills

Carry out program to encourage
installation of solar water heaters
through public information,
incentives, developing of finance
package through local banks,
training for installers, bulk purchases
to reduce unit cost and marketing
program

Energy Office or utility assist
existing solar water heater dealers
and installers by providing technical
training and marketing assistance

Utility/energy office work with
tourist accommodation owners and
Government to combine market for
solar water heating and develop
proposals for solar water heating
installation

Government require use of solar
water heating in Government
facilities that have piped hot water

Assist commercial users of electric
or fossil fuel water heating
understand cost saving benefits of
solar water heating and assist in
locating finance for their installation

Xiv
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Utility implement true net metering
(same price in and out of grid) for
grid connected solar under 10kWp
capacity

Utility install and monitor 4-5kWp
rooftop grid connected solar systems
for experience and hardware
evaluation

Develop single institution for outer
island PV installation and
maintenance

Consider Kiribati and Tonga models
for outer island electrification using
individual solar PV systems

Rehabilitate failed solar PV

installation
I ———

Wind

Analyze existing data; prepare cost
analysis for wind generation that
includes consideration of
hurricane/tropical cyclone risk. If
cost-effective relative to existing
generation cost, proceed with trial
wind project development

Carry out a prefeasibility study of
wind generation that includes
consideration of tropical
cyclone/typhoon risk. If wind looks
economically reasonable do full
resource assessment and wind map

Hydro
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Examine existing survey information
in the light of present energy costs
and if new cost analysis indicates
hydrodevelopment is cost-effective,

prepare project.
I ————S—m—@—§m—m—m—m—m—m—§S—§—§m$—§§—n§§§—¥$§$§$§—§—§$§§—§@—$yj_—§“—(_=

Biofuel

Expand marketing of biofuel locally
to absorb all current coconut oil
production. As fuel price rises,
increase price offered for coconut
production to increase supply

Local utility do trials of biofuel and
biofuel/diesel blends for outer island
generation

Energy Office continues to study the
possibilities for local biofuel
production

Institution needs to be developed
that can support outer island biofuel
development

Biomass Combustion and
Gasification

If agricultural or forestry processing
for biofuel becomes an industry, use
waste for energy

Biogas

Identify commercial animal and
poultry farms, inform them of
benefits for waste management and
energy of biogas digesters and
encourage their joining together to
obtain lower cost for the installation
of biogas digesters

Prefeasibility study for retrofit of
sewer treatment facility for biogas
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generation. If positive continue to
feasibility study and engineering
design and project development

Include consideration of biogas
when upgrading or installing sewer
and solid waste treatment facilities

Collect gas from existing landfills

for energy
I ——

Ocean Energy

Feasibility study and engineering
design for sea water air-conditioning

Do not consider ocean energy
installations until commercially
proven in sites with similar
hurricane/cyclone/typhoon risk

Do a basic survey of lagoon/open
sea passages for possible tidal flow
generation
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2. OVERVIEW UNITED STATES OF AMERICA INSULAR AREA
ENERGY ASSESSMENT

2.1.OBJECTIVE OF THIS REPORT

This report is intended to fulfill a requirement of Section 251 of the EPACT of 2005 which
directs the Secretary of the Interior, in consultation with the Secretary of Energy and the heads of
Government of each Insular Area, to update the Territorial Energy Assessment (USDOE, 1982).
EPACT directs that the update will focus on assessing opportunities and making
recommendations in a number of specific areas, including

= supply-side energy efficiency improvements;

= demand-side management, including appliance standards, energy audits, and energy
service performance contracts;

» renewable energy technologies, including solar thermal electric, solar water heating,
photovoltaics, wind, hydroelectric, wave energy, ocean thermal energy, water vapor
condensation for potable water, hybrid fossil-renewable electric generation, and other
strategies identified as having significant potential; and fuel substitution using biofuels
from indigenous sources such as coconut oil.

In carrying out this directive, this report will survey the current situation in the Insular Areas and
provide recommendations for strategies to mitigate import dependence on imported fuel in the
Insular Areas in today’s technical, economic, and institutional environment. This overview
section discusses the situation in the Insular Areas as a whole and makes some recommendations
for regionwide actions and arrangements. The following sections consider the situations of each
of the Insular Areas in turn.

This report was developed in cooperation with the Governments and authorities of the Insular
Areas, whose cooperation is gratefully acknowledged. At the same time, it must be recognized
that the data are in many cases incomplete. It is not possible, for example, to identify
definitively the sectors with the greatest potential for fuel reduction, although some general
indications are provided.

Developments since 1982

The overview section of the 1982 Territorial Energy Assessment began by noting that “...the
economic impacts of rising world oil prices have been felt with special severity by the
inhabitants of the Pacific island nations and territories. The Pacific islands depend on imported
petroleum products for almost 100% of their energy needs.” (USDOE, 1982) These statements
are equally true 24 years later. Since 1982, the Insular Areas have installed a great deal of
generation, transmission, and distribution infrastructure, which now provides electric power to
most citizens except those in remote areas and the outer islands. Virtually all of the new
generation relies on imported fuel, with the result that there is now a larger opportunity—and
arguably a greater need—to pursue petroleum reduction measures than there was in 1982.

The issues related to the dependence of island areas on imported fuel are much the same as
reported in 1982. The prices of not only energy but of nearly all goods depend strongly on
petroleum prices, because all imports to the Insular Areas are shipped over long distances. The



economic base of these areas remains narrow, and many critical industries such as fisheries are
quite vulnerable to increasing fuel prices. High energy prices are also a burden on Insular Area
Governments, many of which cannot fund their operations from self-generated revenue. Much
as they did in 1982, the Insular Areas face unique challenges both in coping with high fuel prices
and in efforts to reduce their dependence on imported energy.

The scale of the changes in Insular Area energy systems since 1982 can clearly be seen in the
electric power sector. Since 1982, the peak load served by Insular Area utilities has more than
doubled, from under 270 MW to 560 MW. The great majority of citizens in the Insular Areas
now have access to electricity. Utility grids have been extended as deemed appropriate.

Accordingly, utilities have shifted their focus from simple grid extension to two other areas.
First, there are ongoing efforts to provide power to the many remote areas that remain without
access to electricity. The technical and institutional barriers to serving those citizens remain
Formidable, and many off-grid systems have failed completely from the lack of adequate
institutional and technical systems for maintaining them.

Second, the operation and maintenance of power systems have become a significant concern.
Limitations of available capital and of human capacity have restricted the ability of utilities to
operate and maintain their grid systems efficiently. Residents of the Insular States have
relatively easy access to the U.S., which can provide them with training and technical skills.
Unfortunately, that access can also lead skilled workers to emigrate.

Climate change represents another energy-related concern that has emerged since 1982 in the
Insular Areas. Many of the Insular Areas are active members of the Alliance of Small Island
States, which represents the interests of island nations in the deliberations of the United Nations
Framework Convention on Climate Change. Palau, the Marshall Islands, and the Federated
States of Micronesia (FSM) have signed the Kyoto Protocol and are thus eligible to participate in
the Clean Development Mechanism trading framework for carbon reductions. Tracking the
carbon reductions that accompany Insular Areas’ energy efficiency and renewable energy
initiatives will be important to them as they continue their dialogue with developed countries
within the UNFCCC.

Current Opportunities for Reducing Dependence on Imported Energy

While data limitations make it difficult to accurately quantify the potential for import reductions,
or to compare the potential in different areas, some general remarks can be made that will help
establish a common framework across all the Insular Areas. Opportunities for imported fuel
reduction can be found in each of the areas called out by Section 251, which are discussed in
general terms below.

Supply and End-Use Efficiency

All of the Insular Area utilities could benefit from electricity generation, transmission, and
distribution efficiency measures. As noted in the discussions of each area, the technical and
nontechnical losses are quite large in many cases, and measures to address those losses will be
quite fruitful in reducing fuel use. These measures should be regarded as high priorities.



The fiscal situation of the utilities can be improved by addressing nontechnical losses, including
nonpayment. Approaches such as prepayment meters have been successful in improving
payments and in reducing loads, and those practices could be adapted to additional locales. In
many Insular Areas, tariffs are much below economic levels, and the economic efficiency of the
system could be improved by tariff reform. The political difficulties of tariff reforms should not
be underestimated, however.

At the end-use level, both technical and institutional approaches can cost effectively reduce
electricity consumption in the household, Government, and commercial sectors. One technology
that could be promoted with significant benefits in all the Insular Areas is compact fluorescent
lights (CFLs). CFLs provide very cost-effective demand and energy reductions, and program
designs can be adapted from successful programs in other countries.? This one technology,
which can be relatively easily promoted, has the potential to reduce fuel imports on the order of
10percent. Disseminating successful best practices in CFL programs appropriate for the Insular
Areas should be regarded as a high priority.

As discussed in detail in the individual country sections, building and appliance efficiency
standards may have limited applicability in the Insular Areas. The efficacy of building
efficiency measures is limited by the fact that most buildings do not have heating or air-
conditioning. The limited size of the appliance market and the difficulty of enforcing standards
limit the applicability of appliance efficiency standards. Because Governments are typically
large energy consumers, particularly of air-conditioning, Government purchase of efficient
equipment and building shells could have noticeable benefits and would be much easier to
implement than standards programs. Such programs would also improve the fiscal positions of
Governments in the long term.

While energy service companies (ESCOs) could help overcome financial and technical barriers
to end-use efficiency measures, the very small size of the markets and the large distances
between different locales create significant barriers. It is generally not profitable for an ESCO to
maintain a local presence. Accordingly, the detailed discussions suggest strategies for
facilitating partnerships between local companies in related businesses and ESCOs in Hawaii or
other parts of the United States.

While there are technical opportunities for efficiency improvements in the transportation sector,
there are also significant institutional and situational barriers to achieving them. Alternative fuel
programs have a minimum economic scale much larger than the markets in each of the Insular
Areas, and the small market size also impinges on the practicality of other measures. While

2 From the consumer’s point of view, a CFL can be expected to pay for itself, at retail prices, within a few
months, saving 60 percent or more of the lighting energy. Because lighting efficiency will also help reduce
utility peak demand, additional cost savings accrue to the electric system, which can be even larger than the
energy cost savings. A significant program of CFL promotion was recently carried out in the Marshall
Island, deploying about 10,000 units. Unlike some other programs, the Marshalls’ effort will include an
assessment of the energy and demand impacts of the CFLs. However, results are not yet available. In
developing-country electric systems, care must be taken to obtain CFLs that are tolerant to voltage
fluctuations. Such CFLs are available, but the cheaper units on the market may not tolerate voltage
variations and consequently may have a much shorter life than anticipated. Such an experience can create
negative impressions of CFLs among consumers, making promotion programs much more difficult.



there could be benefits from improved public transport, there is very limited access to funding
for such initiatives, and few, if any, models of successful practices in similar geographic
situations. The discussions below do suggest some measures, such as providing incentives for
the import and use of diesel fueled vehicles, changing vehicle import taxes, and decreasing the
tax on diesel fuel relative to that on gasoline.

Renewable Energy
Section 251 calls for consideration of a range of renewable energy technologies, which is listed
above. These are discussed in turn below.

Insular areas generally have good solar resources. However not all solar technologies are
applicable to their markets and institutions. Commercially available solar thermal electric
technologies have a large minimum economic scale, and are difficult to maintain in a marine
environment. They also require relatively large amounts of land, which is at a premium in
Insular Areas. The output of concentrating systems such as solar thermal electric is also
sensitive to cloudy conditions, which are frequent in many locations in the Insular Areas.
Accordingly, the use of solar thermal electric is not recommended for any of the Insular Areas.

Photovoltaic electric generation has a much wider applicability, particularly in remote
applications. Since 1982, many bilateral and multilateral programs have developed off-grid PV
systems, particularly solar home systems. Unfortunately, many of those systems have failed in a
short time due to a lack of effective institutions to maintain the systems after installation and, in
some cases, because of inappropriate equipment and designs. Some programs have been
successful in keeping PV systems operating for a decade or more, and the report suggests how
some of the lessons from those, and from successful programs in other island locales, such as
Kiribati can be effectively utilized.

The Pacific Islands region is fortunate in having attempted many different institutional structures
for PV rural electrification for over 25 years, and the lessons have been important.

= Any equipment needs to be specifically adapted to the salty, tropical environment. Many
commercial products that have had good reliability in other environments fail
prematurely in Pacific service.

= Inouter island situations, PV panels are often shaded by trees that are important as
sources of subsistence food supplies. Such systems should be designed for reliable
exposure only when the sun is high in the sky. At least 25 percent oversizing from
conventional sizing algorithms is needed to provide reliable service in most island village
sites.

= An external institution, e.g., a utility or specialist company, with the necessary
management and technical skills needs to be in charge of PV maintenance; systems
depending on individual and community maintenance have typically failed within a short
time.

= Local technicians should be company employees, not paid by users or the community.
Their employment must be dependent on their meeting company requirements for
service, not user requirements.

= Disconnection or removal of service must be done rigorously if collections are to be
maintained.



= User payments need to be adequate to cover periodic component replacement,
particularly batteries, and other operating costs such as local technician salaries.

= Only one-time capital subsidies to finance installations should be used. Systems that
provide ongoing subsidies to operating costs, e.g., have not been sustainable.

The above principles are included in the structure of the Kiribati Solar Energy Company with 14
years of rural PV operation (about 2,000 rural installations) and Tonga with about 10 years of

operational experience (about 500 installations). Both have shown long-term sustainability with
operating and maintenance costs borne by users, although both were capitalized by donor grants.

Although initial indications suggest that some areas may have favorable wind regimes, almost no
detailed wind resource assessments have been conducted in the Insular Areas®. Wind power
faces a number of obstacles in Insular Areas. Grid-connected wind systems require land area
that may not be readily available. In addition, large amounts of wind power are difficult to
integrate into the small power systems. Many of the Insular Areas are prone to tropical cyclones,
so that they require potentially costly measures to protect turbines in high winds. The small
markets in the Insular States do not offer a profitable opportunity for a business supplying wind
turbines to maintain a local presence, so access to maintenance and troubleshooting expertise
may be difficult. The report suggests that as a first step, detailed wind resource assessments may
be useful in some locales. Those assessments, which are costly, should be preceded by
prefeasibility studies to determine that a detailed resource assessment is justified.

Small scale, off-grid wind turbines can be considered in lower wind-speed regimes than grid-
connected installations. However, wind turbines are harder to maintain than PV, especially in
remote off-grid settings. This consideration may make wind turbines impractical for use in outer
islands and other remote settings.

Some potential for new hydroelectric installations exist in the Insular Areas. Hydroelectric
resources that can be connected to the grid are limited, but those that do exist should be pursued.
There are also smaller resources that might be considered for run-of-the-river development
serving off-grid loads. However, previous installations for off-grid use in village electrification
have not operated successfully for very long. Previous experience should be carefully examined
before proceeding with off-grid hydroelectric projects for village electrification. Off-grid hydro
may work well in some situations, such as plantations, where there is expertise available to
maintain them.

Production of biofuels from indigenous feedstock may present an opportunity to reduce imported
fuel consumption in the transportation and power sectors. The best economics for biofuels are
associated with processing facilities for crops such as coconuts, where relatively large amounts
of biomass waste streams are available in one location. Thus efforts to restart coconut
processing activities in several of the localities could have benefits in reducing fuel imports,
which should be considered in evaluating programs to support such activities. Those

% In American Samoa, detailed studies have been conducted by NOAA and by other donor organizations. - - {Formatted; Bullets and Numbering ]
Otherwise, no wind resource studies based on anemometry were found for any of the Insular States. The initial
indications described in this report are from NASA wind resource data that is based on reflectance from the sea
surface. For more information about those data sets, see the NASA surface meteorology and solar energy web
site at (http://eosweb.larc.nasa.gov/sse/)




assessments also need to take into account supply security issues created by the risk that Pacific
typhoons will destroy coconut stands.

Opportunities for Cooperation among the different Insular Areas

There are also potentially valuable opportunities for cooperation among the Insular States. One
opportunity lies in the area of capacity building. Because many of the Insular Areas face similar
issues, there are opportunities to provide training and technical information to many of them at
once. A number of regional institutions already exist that could be effective in organizing and
implementing capacity building events. Such events could most usefully focus on the Insular
States’ representatives learning from one another’s experience and expertise, and the further
development of collaborative institutions in which they have ownership. In promoting such
activities, there are also significant opportunities to leverage the efforts of the European Union,
Asian Development Bank, United Nations agencies, and many other multilateral and bilateral
organizations active in the region.

Collective actions can also be used to mitigate some of the problems created by the small
markets within each Insular Area. In particular, a number of Insular States might effectively join
forces to offer a large enough opportunity for ESCO-related work to interest an international
ESCO in becoming active in the region. ESCO and renewable energy service company expertise
also should be nurtured within the utility companies; a group of Insular Areas working together
may be able to acquire such expertise more cost effectively, perhaps in partnership with an
overseas ESCO.

The experience of renewable and energy efficiency programs in the Insular Areas suggests that a
local champion is essential to their successful implementation and long-term survival.
Mechanisms to identify, nurture and reward potential champions could usefully be created within
regional level institutions.

There are also opportunities for valuable exchanges of expertise and experience among the
different Insular Areas, which can be more effective than technical support brought in from
outside. For example, Guam has developed a successful building code program that has been
imitated in the Virgin Islands and might be useful if adapted to the particular situations of other
locales.

In considering cooperation among the Insular Areas, it should be kept in mind that the U.S.
Virgin Islands are in a much different position from all of the other areas considered here, as the
only area not located in the Western Pacific. In addition, the Virgin Islands are an exception to
some of the general observations made in this overview, as will be seen in the discussion of its
specific situation in Section 2. It has a per capita income roughly 5 times higher than the next
largest one in the Insular Areas and much easier access to the United States. The technical
capacity, both in-country and accessible from the United States, is also greater. Accordingly, the
Virgin Islands is in a position to pursue some strategies and approaches that are not appropriate
elsewhere in the Insular Areas.



Recommendations for Moving the Insular Areas Energy Efforts Forward

EPACT Sections 251 and 252 authorize funds for the establishment of a grant process to fund
initiatives, an effort to be informed by the results of this study. Grants requested by insular state
utilities, and where applicable by the president of freely associated states, will be evaluated by a
feasibility study undertaken by the Secretary of Energy in consultation with the Secretary of the
Interior, and “...a project shall be determined to be feasible if the project would significantly
reduce the dependence of an Insular Area on imported fossil fuels, or provide needed distributed
generation to an Insular Area, at a reasonable cost.” In order for the above statement to become
an operational definition, the criteria specified above need to be more precisely characterized.

It will also be useful for the grant process to establish a mechanism for coordinating and
leveraging with the grants process of the Compact of Free Association in the case of FSM, Palau,
and the Republic of the Marshalls. As mentioned above, there are also opportunities to leverage
other multilateral and bilateral programs.
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3. GUAM

3.1. EXECUTIVE SUMMARY

Guam is an unincorporated, organized territory of the United States located in the North Pacific
Ocean about three-quarters of the way from Hawaii to the Philippines, with a land mass of 209
square miles and a population of 171,019. Guam’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 diesel engines and steam turbine electric generators. Other possible
sources of energy in Guam are deep ocean thermal, solar, light wind, and minor amounts of
hydro, although none of these possible sources have been developed. Energy uses are typical for
island environments and include transportation, domestic uses, such as cooking and lighting, and
cooling Government and commercial buildings. There are significant air-conditioning loads for
hotels in Guam due to the large tourism industry. Guam also has a large Air Force base and a
large Navy base that utilize as much as 15 percent of the island’s energy.

Electric System

Guam Power Authority provides electric power to Guam and serves over 40,000 customers with
an electric peak load of 280 MW. Guam has 550 MW of installed generating capacity in several
plants. Two plants are steam power plants; one a slow speed two-unit diesel plant; four are
medium speed diesel plants; and five are combustion turbines. The Authority has contracted
with three companies, Pruvient, Marianas Energy Company, and Taiwan Electrical and
Mechanical Engineers Services, to operate and maintain the Guam Power Authority generating
units.

Supply-Side Efficiencies

There is interest in Guam to investigate the use of coal as their primary fuel for power
generation, as was mentioned in the 1982 TEA. At market prices of $60 per ton for coal it is
possible to generate electricity for $.03 per kilowatt-hour, whereas present oil-based generation
costs are $0.13 per kilowatt-hour. There are other alternative technologies for generating
electrical power, but all will require additional analysis. Guam is presently utilizing Independent
Power Producers (IPP) with Performance Management Contracts (PMC) to operate the existing
plants and believes the arrangements have produced more reliable and lower cost electric service.

There are possible supply-side improvements in energy efficiency in power production, although
the performance based management contracts for plant operations already places a premium on
plant efficiency, therefore most of the efficiency opportunities may have already been
implemented. Also, it may not be possible to develop efficiency programs with associated grant
funding as envisioned by the Energy Act of 2005, Sec. 251, to be applicable to the Guam power
production system, since it is operated by private firms. However, either the Guam Power
Authority or the private firms should undertake a review of the maintenance practices in the
power plants to assure that all generating units are performing at maximum efficiency.



There are possible opportunities of supply-side efficiency improvement programs on the
transmission and distribution part of the electric system. Distribution transformer utilization and
loss reduction programs, power factor correction, and line sizing are all areas that may have
opportunities for supply-side efficiencies. Therefore, a detailed quantified power system loss
study should be conducted for GPA as a stage 1 project before specific recommendations are
possible. This project would measure and collect the electrical characteristics of the power
system and then determine the losses. Once these losses have been quantified, stage 2 of this
process would be to assess the need for updating existing energy-inefficient equipment. The
Government should also establish legislation that makes electricity theft a crime.

Demand-Side Efficiency Improvement and Energy Conservation

The Guam Energy Office (GEO) is largely funded by the USDOE State Energy Program (SEP)
which will close in 2007, and there are concerns for the future of the GEO as a result. GEO
programs focus on schools, household energy efficiency, and renewable energy demonstrations.
The GEO also drafts energy policy documents.

The Guam Power Authority (GPA) also has energy efficiency improvement programs that
include energy audits, technical support, and public information.

Electrical Metering/Tariffs
All customers are metered. The rate structure is complex but does provide for increasing charges
for residential customers as energy use increases.

Household Energy Efficiency Measures

With around 1,000 kWh per month, Guam households have one of the highest average electricity
energy uses in the Pacific. Air-conditioning, electric cooking, water heating, and refrigerators
are the principal household energy uses.

GEO and GPA have had programs to upgrade low-efficiency lighting to Compact Fluorescent
Lights (CFL) and electronic ballast fluorescent lights. The public response has been high enough
to make it profitable for a shop to open that specializes in high-efficiency lighting and other
energy efficiency improvement devices.

Inefficient electric cooking could be addressed by GPA forming an alliance with an LPG
distributor and arrange for households to exchange their old electric cook stove for a gas range
using GPA or bank financing. That could reduce the low-efficiency use of fuel for electric
cooking, replacing electricity with higher efficiency LPG for cooking, thereby saving on fuel
imports and reducing the evening GPA peak.

GPA and GEO should develop a public information program to help households understand the
maintenance requirements for air-conditioners and to establish the energy efficiency
specifications for replacement units and their installation. A program to finance the replacement
of existing a/c units with those of higher efficiency could be arranged by GPA.
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Government and Commercial Sector Buildings

The GEO closely monitors Government department energy use and, through departmental
energy officers, works to improve Government energy efficiency. The top level of Government
should apply strong pressure on departments not meeting energy reduction goals.

Energy use in the commercial sector is dominated by large tourist hotels and large shopping
malls. Refrigeration for air-conditioning and food storage is their main electricity uses, although
hot water production is also significant. The GPA should assist large commercial customers
with energy audits and in making contact with Energy Service Companies (ESCOSs).

The large number of military families on Guam makes it important that the GPA, the GEO and
the military authorities cooperate on energy efficiency improvements in households and military
buildings.

Building Energy Efficiency Standards
Guam has the model building energy code for tropical islands, and it is enforced.

Appliance Energy Efficiency Standards

A bill was sent to the legislature in 1994 to establish appliance energy efficiency standards, but it
was not passed. Most appliances sold in Guam have U.S. energy efficiency labels, but the
energy cost estimate displayed on the labels is too low for Guam. A process to inform buyers of
the actual cost should be established, either by relabeling or through public information programs
at the point of sale or through the GPA.

Energy Audits, Performance Contracts

Energy audits have been carried out by the GEO and the GPA but data regarding the investments
made as a result are not available. To attain a higher return on energy efficiency efforts, ESCOs
have a better record than relying only on audits. Overall, Guam’s energy sector appears large
enough to support a full service ESCO. The GEO and the GPA should cooperate to survey large
energy users regarding the market for energy efficiency improvement services then provide the
results to local architectural/engineering companies to encourage them to act as ESCOs or to
affiliate them with an outside full service ESCO to provide service in Guam.

Transportation Sector

Public transport in the urban area is provided by scheduled buses and taxis. Buses have routes
that extend to main residential areas. Most transport is by private vehicle, so to improve fuel
efficiency either a higher per-vehicle occupancy or improved vehicle fuel efficiency must be
achieved. Some actions that can improve transport fuel efficiency include assisting in the
creation of car pools, providing rural and suburban parking areas for park-and-ride arrangements,
providing incentives for developing neighborhood shopping areas, and establishing tune-up
centers specializing in car maintenance activities that improve fuel efficiency.

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.
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Renewable Energy

Solar

Satellite measurements indicate a very good solar resource, although it does vary somewhat from
place to place with microclimate changes caused by mountains and the islands mass.

Solar Thermal
Solar thermal technology is not suitable for Guam because of land use issues, the high risk of
typhoon damage, and a tropical marine environment that makes maintenance expensive.

The high level of solar energy makes water heating cost-effective for many applications, and the
GEO has promoted solar water heating for schools and homes for many years. To overcome the
high installation cost of solar water heating and attain an increased replacement level of electric
water heaters by solar, the GPA should consider a fee-for-service arrangement, whereby the GPA
exchanges electric water heaters with solar heaters and charges a fixed fee for the hot water
service. A lease-to-own option could also be considered. The GEO should examine solar water
heater incentives provided by the U.S. States and Pacific islands, and propose an incentive
package for solar water heater installation to the Guam Government.

The GEO should survey hotels in the 100-room and smaller sizes along with other commercial
users of electric water heating, e.g., laundries, restaurants, sports complexes, and if the market
looks good, work with solar installers and local banks to develop a finance and installation
program for that market. A GPA fee-for-service approach could also be developed for that
market.

Solar Electric

There is little opportunity for significant off-grid solar electric generation. The Fish and Wildlife
Services installation at their wildlife refuge at the northern end of Guam and one private home
installation are currently the only significant PV installations.

To encourage private investment in grid connected PV, the GPA should adopt true net metering,
that is, energy going into the grid is the same price as energy from the grid, for private,
household PV installations of 10 kwWp 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 to store
the energy for nighttime use adds greatly to the system cost. With net metering, the PV system
feeds surplus energy into the grid and helps offset the midday 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-1PP selling power to
the GPA.

The number of households that are allowed to connect PV to the grid should be limited so that no
more than 20 percent of the midday 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.
wind
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No comprehensive study of the wind resource has been carried out on Guam, although low cost
assessments and NASA satellite measurements indicate there probably is an economically
developable wind resource. The main problem is that Guam has one of the highest risks of
typhoon passage of any Pacific island. We recommend to study the cost of that risk to wind
energy development be carried out while considering reducing the risk of damage through the
use of tilt-down turbines or specially engineered turbines and masts that can resist typhoon force
winds without serious damage. If the study indicates that the typhoon damage risk can be
moderated sufficiently to economically develop wind at the resource level indicated by existing
measurements, then funding a full resource assessment and wind map should be explored, and
wind power developed at the optimal sites.

Hydro

There are small permanent streams on Guam, but past surveys indicate that none had
economically developable hydro at the time of the survey. The data should be revisited in the
light of present fuel prices, and if sites are now economically reasonable for development, they
should proceed.

Pumped storage is not likely to be an economic option, since there is no source of power for
pumping that is low enough in cost to make the power from the pumped storage cheaper than
other already available power sources.

Biofuels
Guam has land that could be used for growing biofuel crops, but the investment in both land and
labor would be great and is unlikely to be made unless the energy cost on Guam is substantially
increased.

Biomass combustion and gasification

Farms that specialize in biomass production for energy are not likely to be economic on Guam
due to limits on land and on the availability of water needed for the fast growing plants used for
biomass energy production.

There is no large scale agricultural processing on Guam to economically provide biomass for
energy production. Should biofuel production be developed, the waste from the conversion of
the crop to the fuel should be used for process energy through combustion or gasification with
any energy surplus sold to GPA.

Biogas

The GEO should bring the commercial animal and poultry producers together to work out a
group purchase and installation package, which can lower the price of biogas digesters for waste
control and energy production.

Geothermal
No geothermal resource is known to be available on Guam.

Ocean Energy
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The GPA sees an opportunity to reduce fuel cost for Tumon Bay tourist facilities through
circulating cold sea water from below 1,000-foot depths through heat exchangers and delivering
chilled water to the sites that use air-conditioning. Shallow water intakes in cold water bodies
such as northern lakes and seas are in places that provide air-conditioning for businesses and
major buildings in several northern cities. In Hawaii, a deep water pipe has been installed as a
part of an Ocean Thermal Energy Conversion (OTEC) experiment and has been used for small
scale air-conditioning. The concept is simple and the experience with the shallow water systems
good. The Hawaii deep water pipe experience provides confidence that the cost of installation is
acceptable. However, the Guam installation would be the first to be made in an area with high
typhoon passage risk, and that is an added cost to be considered. The project is the largest
opportunity for fuel saving through renewable energy use in Guam. We recommend exploring
funding options for a full feasibility study and engineering design that is being sought by the
GPA.

OTEC systems are not commercially available, and none have been built that provide electrical
power at the megawatt and larger level. Although Guam is a good site for OTEC, its
development is not recommended until a system at the sizes appropriate for Guam and at sites
with a high risk of typhoon passage has been implemented elsewhere.

There is no opportunity for tidal energy known to be present on Guam. Wave energy is not yet
commercially available, and Guam should not consider its installation until commercially proven
units that can survive typhoon driven seas are available.

3.2.GENERAL*

Guam is a Territory of the United States located in the North Pacific that is popular with both
fishermen and divers due to the abundance of ocean life accompanied by warm, clear water, and
a beautiful island setting. Guam is in a strategic location for the U.S. Pacific Fleet, the U.S. Air
Force, the U.S. Marines, the U.S. Army, and the National Guard, and hosts a large military
population. The Chamorros are the native inhabitants of Guam and welcome visitors to the

island. The warm weather and warm Pacific
waters have made tourism a major industry for
the island. Guam, being a full Territory of the
United States, has a Representative in Congress.
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Guam is located in the North Pacific Ocean, -
about three-quarters of the way from Hawaii to Agat ﬁf North
the Philippines; 13° 28” N. Latitude, 144° 47" E. Pacific
Longitude. Guam is the westernmost territory E
of the United States and is the largest island in aMerzo
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* United States Department of Interior, 1982 Territorial Energy Assessment
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and 1,500 miles (2,500 kilometers) south-southeast of Tokyo. The island’s location at the edge
of theSAsian rim gives it a role of strategic importance for American security in the Pacific
basin.

The permanent population is concentrated in the central part of the island and considerable
population redistribution has taken place since the end of World War 11, predominantly from
rural to urban areas. In Guam, this means from the south to the central portion of the island.

Guam’s population density is approximately 490 people per square mile (180 per square
kilometer) of land area, about eight times the U.S. average of 62 persons per square mile (22
persons per square kilometer). Guam has a higher population density than all of the U.S. States
except Massachusetts, Rhode Island, Connecticut, and New Jersey. °

The 2000 Census of Population and Housing conducted in April of 2000 counted a total of
154,805 persons on Guam. This represents a 16 percent increase over the 1990 decennial
population count of 133,152. In 2000, Guam’s southern region’s population declined by 2
percent, while the population in the island’s northern and central regions grew by 29 and 11
percent respectively.’

Table 3-1 Population statistics
Population by Region and Election Districk, Guam: 1960 to 2000

Region / Election District 1960 1970 1980 1990 2000
Total 67,044 84,996 | 105,979 | 133,152 | 154,805
North 18,752 32,540 47,583 62,614 80,466

Dededo| 5,126 10,780 23,644 31,728 42,980
Tamuning| 5,944 10,218 13,580 16,673 18,012
Yigo| 7,682 11,542 10,359 14,213 19,474
Central 25,479 31,266 34,526 40,965 45,382
Agana|] 1,642 2,119 896 1,139 1,100

Agana Heights| 3,210 3,156 3,284 3,646 3,940

Asan| 3,053 2,629 2,034 2,070 2,090

Barrigada| 5,430 6,356 7,756 8,846 8,652

Chalan Pago/Ordot| 1,835 2,931 3,120 4,451 5,923
Mangilao| 1,965 3,228 6,840 10,483 13,313

Mongmong/Toto/Maite| 3,015 6,057 5,245 5,845 5,845

Piti| 1,467 1,284 2,866 1,827 1,666

Sinajana| 3,862 3,506 2,485 2,658 2,853
South 22,813 21,190 23,870 29,573 28,957
Agat| 3,107 4,308 3,999 4,960 5,656

Inarajan| 1,730 1,897 2,059 2,469 3,052

Merizo| 1,398 1,529 1,663 1,742 2,163

Santa Rita] 12,126 8,109 9,183 11,857 7,500

Talofofo| 1,352 1,935 2,006 2,310 3,215

Umatac 744 813 732 897 887

Yona| 2,356 2,599 4,228 5,338 6,484

Source: U.S. Bureau of the Census Decnnial Reports, 2004

® Chapter 3, Energy Planning for Guam, 1982
® Chapter 3, Energy Planning for Guam, 1982
" Guam Annual Economic Review, 2001-2002
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3.2.2. Island Geology and Geography

Guam is 30 miles (50 kilometers) long and from 4-8.5 miles (6.7-14.2 kilometers) wide. It is
the largest island in Micronesia, with a total land area of 212 square miles (541.3 square
kilometers), excluding reef formations. The northern shore has lines of cliffs that drop off
sharply into the Philippine Sea, with an elevation ranging from 300-600 feet (91-182 meters).
The southern features are mostly volcanic with an elongated mountain ridge dividing the inland
valleys and coastline.

The island is essentially the peak of a mostly submerged mountain that rises 37,820 feet above
the floor of the Marianas Trench, which has the greatest ocean depth in the world. When visiting
Guam, hiking up one of its mountains is equivalent to reaching a peak higher than Everest, since
the base of the mountain is the bottom of the Marianas Trench, 6.79 miles down!

Guam has a relatively flat, coralline, limestone plateau, which is the source of most of Guam’s
fresh water, with steep coastal cliffs and narrow coastal plains in the north, low hills in the
center, and mountains in the south. Guam was formed by the union of two volcanoes, giving it
its footprint shape, and is surrounded by coral reefs near the shore. Two-thirds of Guam, the
central and northern features, is primarily raised limestone with several volcanic formations at
Mount Santa Rosa and Mount Mataguak. The northern part, which contains the main fresh water
lens, is a high coralline limestone plateau rising up to 850 feet (260 meters) above sea level. The
southern part is mountainous, of volcanic origin, with peaks to 1,300 feet (400 meters). The
highest point is Mount Lamlam at 1,334 feet (407 meters). ® Apra Harbor, one of the largest
harbors on earth, is located to the western side of the island.® It is of volcanic origin, surrounded
by coral reefs.

3.2.3. Climate and Environmental Hazards

Guam’s climate is tropical, with the mean average temperature of 80 °F (27 °C). Three-quarters
of the rainfall falls between June and December, averaging about 85 inches (215 centimeters) a
year on the lowland coast around Apra Harbor and 110 inches (280 centimeters) in the highest
mountain locations in the southern half of the island. Like many Pacific islands, Guam lies
within the typhoon belt and is periodically struck by tropical storms and typhoons. Each year, a
few minor storms with winds up to 50 mph will likely strike, but every 3 to 5 years Guam gets
hit with a major typhoon. For example, typhoon Pamela struck Guam in 1976, causing $250
million damage. The constant need to prepare for such severe winds affects everything on
Guam. The climate also subjects facilities to corrosive salt air as well as damaging high winds,
adding greatly to the initial and maintenance cost of facilities.'® For energy installations, climate
plays a key role in determining the maintenance practices. The following chart shows the
rainfall from 2000 to 2004, where the wet and dry seasons can clearly be seen.

8 Geography of Guam, Gov Guam/geography
° Chapter 3, Energy Planning for Guam, 1982
10 Chapter 3, Energy Planning for Guam, 1982
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Table 3-2 Rainfall statistics

Monthly rainfall, Inches, Guam 2000-2004
Month 2000 2001 2002 2003 2004
January 3 2.9 9 2.5 4
February 5 3.2 6 3.1 7
March 4 2.1 3 5.4 3

April 2 1.2 1 5.9 3
May 7.4 2.3 6.3 2.9 5.5
June 5 13.1 7 6.2 38
July 6 15.5 30 10.2 10
August 18.6 29.8 20.5 9.5 37.3
September 12.6 7.4 17.2 21.7 10.9
October 11.4 115 7 12.7 9.9
November 5.2 12.8 6.9 20.3 6.5
December 8.9 6.2 25.4 11.9 3.3
Total 88 108 139 112.3 139
Source: National Weather Service

3.2.4. Energy Sources

Effectively all energy use on Guam is fossil fuel derived (see sections 3.6-3.9 for details).
Electricity generation is all fossil fuel fired using diesel engines, steam turbines with oil fired
boilers, and combustion turbines fired by #2 diesel fuel.

The Navy has nuclear submarines stationed at Guam. This has been considered as a possible
emergency source of energy and is an energy source uniquely available on Guam.

3.2.5. Energy Uses

The primary uses of fossil fuels are for electricity generation and land transport. As Guam has
no populated outer islands, sea transport is limited to fishing and pleasure craft.
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Air-conditioning accounts for a major use of electricity in the commercial sector. In the
domestic sector, it is also widely used, with close to 70 percent of all families having some type
of air-conditioning system in their homes. Water heating, cooking, and lighting are also major
uses of electricity.

Public transport by bus is available on the island, but lightly used. Private vehicles remain the
dominant form of transportation. With the higher fuel costs now in place, a bus transportation
system similar to American Samoa may be a valid option, utilizing small privately owned busses
to meet the needs of the local population.

In the public sector, water, and sewage pumps are major users of electricity. The Air Force and
the Navy also consume a large amount of power utilizing up to 15 percent of the island’s
electrical energy. This is anticipated to increase as additional military are moved from Japan to
Guam.

3.3.HISTORY, POLITICAL DEVELOPMENT AND PRESENT STATUS

3.3.1. Early Island History

The modern history of Guam began in 1521, when Ferdinand Magellan landed on the island and
found it inhabited by the Chamorros, a people believed to have come from Southeast Asia. For
many years Guam was administered by Spanish governors in the Philippines and was a port of
call for Spanish ships sailing from Acapulco to Manila. Colonization and active Spanish rule
began in 1668, but little economic development occurred during this time.

Following the defeat of Spain in the Spanish-American War, Guam was ceded to the United
States in the treaty of Paris in 1899. Administration by the U.S. Navy began the next year.

U.S. naval administration was interrupted when the Japanese captured the island in December,
1941. Japan occupied it for 2% years. Guam was recaptured by the United States Marines and
Army in July, 1944, The island had suffered much destruction, but after the war it entered a
period of reconstruction and rehabilitation which changed it from a quiet agricultural island to a
center of U.S. military operations and growing commercial activity.

3.3.2. Recent Island History

In 1950, President Truman signed the Organic Act of Guam, giving the island the status of an
unincorporated territory, extending American citizenship to its people, and providing local
legislative autonomy. The Act also transferred administration of Guam’s civil affairs to the U.S.
Department of the Interior and placed the executive, legislative, and judicial branches of local
Government in civilian hands. The Organic Act was subsequently amended several times and is
now the island’s basic constitutional instrument.™

! Chapter 3, Energy Planning for Guam, 1982 - - ‘[Formatted: Bullets and Numbering ]
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3.3.3. United States Involvement

Guam’s U.S. military installations remain among the most strategically vital in the Pacific
Ocean. When the United States closed its Navy and Air Force bases in the Philippines after the
expiration of their leases in the early 1990s, many of the forces stationed there were relocated to
Guam.

The removal of Guam’s security clearance by President Kennedy allowed for the development of
a tourism industry. The island’s rapid economic development was fueled both by rapid growth
in this industry as well as increased U.S. Federal Government spending during the 1980s and
1990s. The Asian economic crisis of the late 1990s, which hit Japan hard, severely affected
Guam tourism. Military cutbacks in the 1990s also disrupted the island’s economy. Devastation
from super typhoons Paka in 1997 and Pongsona in 2002, as well as the effects of the September
11 terrorist attacks, further hampered the island’s economic recovery.

There are signs that Guam is recovering from these setbacks. The increasing arrivals of Japanese
tourists reflect that country’s economic recovery, as well as Guam’s enduring appeal as a
weekend tropical retreat. Other Asian tourism is also expanding. U.S. military spending has
dramatically increased as part of President George W. Bush’s War on Terrorism. Recent
proposals to strengthen U.S. military facilities, including plans to transfer over 8,000 U.S.
Marines from Okinawa, also indicate renewed interest in Guam by the U.S. military.

3.3.4. Present Political Status

Currently, Guam is an unincorporated, organized territory of the United States. It is
unincorporated because not all provisions of the U.S. Constitution apply to the territory. The
policy relations between Guam and the United States are under the jurisdiction of the Office of
Insular Affairs, U.S. Department of the Interior. Guam is an organized territory because the
Congress provided the territory with an Organic Act in 1950, which organized the Government
much as a constitution would. The Guam Organic Act currently provides a republican form of
Government with locally elected executive and legislative branches. Guam has an appointed
judicial branch.

Guamanians enjoy most of the privileges of American citizenship, but they cannot vote in the
United States presidential elections unless they are residents of one of the states. They have an
elected representative in Washington, who serves for a two year term and exercises the rights and
privileges of U.S. Congressman, except the right to vote on the floor.

Since 1970, the executive branch has been headed by an elected Governor and Lieutenant
Governor. Guam’s 21-member unicameral legislature is elected every two years and has full
power in territorial matters, including limited taxation and appropriation authority.

In September 1982, a referendum was held in Guam on the future status of Guam. The results
indicated that the people want to move toward a commonwealth status.'? The efforts of the
Commission on Self-Determination (CSD), barely two years after its creation, lead to the
organization of Guam’s first political status referendum on January 12, 1982. Forty-nine

12 Chapter 3, Energy Planning for Guam, 1982
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percent, or almost half, of all Guam residents who voted, chose a closer relationship with the
United States via Commonwealth status. Twenty-six percent voted for statehood, while ten
percent voted for the status quo (unincorporated territory). Smaller groups voted for
incorporated territory status (5 percent), free association (4 percent), independence (4 percent),
and other political status options (2 percent). A subsequent runoff election held between
commonwealth and statehood status saw 73 percent, or nearly three-fourth’s, of Guam voters
choosing commonwealth over statehood (27 percent).™

Not until 1988, six years after Guam residents overwhelmingly approved commonwealth status,
was the first Guam Commonwealth Act introduced into Congress. Delegates have subsequently
reintroduced the bill with little success. Since the introduction of Guam’s Draft Commonwealth
Bill in Congress in 1988, negotiations between Guam and a Federal interagency task force have
not resolved the major issues.

3.4.POPULATION, EMPLOYMENT & WAGES

3.4.1. Present Demographics

The 2000 Census of Population and Housing conducted in April of 2000 counted a total of
154,805 persons on Guam. This represents a 16 percent increase over the 1990 population count
of 133,152 and a 10 percent decline in the population’s rate of growth. In 2000, the southern
region of Guam’s population declined by 2 percent, while the population for the island’s
northern and central regions grew by 29 and 11 percent respectively. Guam’s ethnic diversity is
Chamorro 37.1 percent, Filipino 26.3 percent, other Pacific islander 11.3 percent, Caucasian 6.9
percent,gther Asian 6.3 percent, other ethnic origin or race 2.3 percent, mixed 9.8 percent (2000
census).

Table 3-3

3 History of Guam, Wikipedia, June, 2006
14 C1A World Fact Book; 4/20/06
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Guam Population by Age/Sex, 1980 to 2000
Characteristic Number Percent Number Percent Number Percent

Total population 154,805 100 133,152 100 105,979 100
Male 79,181 51.1 70,945 53.3 55,321 52.2
Female 75,624 48.9 62,207 46.7 50,658 478
Under 5 years 16,785 10.8 15,097 11.3 13,002 12.3
5 to 9 years 16,090 10.4 13,078 9.8 12,632 11.9
10 to 14 years 14,281 9.2 11,777 8.8 11,338 10.7
15 to 19 years 12,379 8 12,121 9.1 10,993 10.4
20 to 24 years 11,989 7.7 14,379 10.8 11,108 10.5
25 to 34 years 25,850 16.7 25,276 19 19,613 18.5
35 to 44 years 23,141 14.9 18,329 13.8 11,295 10.7
45 to 54 years 16,548 10.7 10,279 7.7 8,172 7.7
55 to 59 years 4,993 3.2 4,059 3 2,914 2.7
60 to 64 years 4,534 2.9 3,527 2.6 1,927 1.8
65 to 74 years 5,860 3.8 3,801 2.9 2,227 2.1
75 to 84 years 2,000 13 1,170 0.9 636 0.6
85 years and over 355 0.2 259 0.2 122 0.1
Median age (years) 274 25 22.3

18 years and over 99,951 64.6 86,258 64.8 62,375 58.9
Male 50,932 32.9 47,016 35.3 33,002 31.1
Female 49,019 31.7 39,242 29.5 29,373 27.7
21 years and over 92,802 59.9 77,800 58.4 55,692 52.6
62 years and over 10,789 7 7,395 5.6 4,037 3.8
65 years and over 8,215 5.3 5,230 3.9 2,985 2.8
Male 3,953 2.6 2,530 1.9 1,405 1.3
Female 4,262 2.8 2,700 2 1,580 15

Source: U.S. Census Bureau, 1980 and 1990 Census, 2000 Guam Demographics profile

Symbol "...." indicates not applicable

3.4.2. Employment and Job Market

An Economic Census has been taken on Guam at 5 year intervals since 1958. In 1998, the
Department of Commerce through a Memorandum of Agreement with the U.S. Department of

Commerce, Economics and Statistics Administration, U.S. Bureau of the Census, conducted the

“1997 Economic Census of Outlying Areas” for Guam. The Economic Census is the major

source of facts about the structure and functioning of the economy. The 1997 survey showed the

total number of establishments with payroll was 2,707 as compared to 1,955 establishments in
the survey conducted in 1992. Total sales and receipts for 1997 were $4.6 billion, up from the
$3.0 billion in 1992. There were a total of 42,477 paid employees in 1997 for the pay period

including March 12th.*

Table 3-4 Employment by industry

> Guam Annual Economic Review, 2001-2002
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Guam Employment / Industry, 1980 to 2000
. . 1980 1990 2000
Characteristic Nurter | Percent | Nurber | Percent | Nurber | Percent
Enployed, civilian, 16+yrs 32,692 100 52,144 100 57,053 100
Agriculture, forestry, fishingand
hunting, mining 306 09 568 11 296 05
Construction 3,025 93 8,023 154 5532 97
Manufacturing 1,606 49 2,302 44 1,155 2
\Wholesale trade 74 2.3 1584 3 1,948 34
Retail trade 6,545 20 9,959 191 7,558 132
Transportation and warehousing and
utilities 3333 10.2 5,603 10.7 4,319 76
Informetion 1540 27
Finance, insurenace, real estate, rental,
leasing 1,565 48 2,767 53 3,053 54
Professional, scientific, managerrert,
educational, weste mangement services | 1,185 36 2010 39 4277 75
Educational, health, and social services | 6,403 196 8,677 16.6 8412 147
Arts, entertainment, recreation,
accormodation, and food services 2,106 64 1,124 22 10,278 18
Other services; except public
adminastration 14 0 3829 7.3 2,158 38
Public administration 5850 179 5,698 109 6,527 14

Source: U.S. Census Bureau, 2000 Guam Demographics Profile, 1980 and 1990 Census of Population and Housing

Symbol ... indicates not applicatble

6.1.1
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3.4.3. Gross Domestic Product

The economy depends largely on U.S. military spending and tourism, with 2005 Gross Domestic
Product estimated at $2.5 billion. Total U.S. grants, wage payments, and procurement outlays

amounted to $1.3 billion in 2004. Over the past 30 years, the tourist industry has grown to

become the largest income source following national defense. The Guam economy continues to
experience expansion in both its tourism and military sectors.

Table 3-5
Guam’s Major Economic and Financial Indicators
1992 1993 1954 1995 1996 1997 1998 1999 2000 z001 2002
Papulation 139,371 142 580 145881 149249 152886 156220 169827 183,517 164,805 157158 159,547
Clvilian Labor Force 47 500 47 030 47 560 47 890 49,180 49,540 48 060 72,700 70,800 69,560 62,060
Total Em ployment 69 BED 68420 BE 570 65220 B8, 440 66,800 64,230 B0, 340 60,210 56,140 86,760
Unemployment 2,000 2,620 4500 3740 4410 4860 ar0 10410 10,060 9040 7070
Unemiploymivent
Rate (%) 42 60 74 78 90 a7 77 140 153 120 1.4
Gmas leland Product (8M) 2,902 29168 3mar 289338 29925 3,070 30205 — — — —
Pemsonal Income ($M) 22082 22309 22807 22284 22840 23645 2380 — — - —
Par Capita GIP (§) 20,823 20 456 20,859 20,091 19508 18,709 18,599 —_ —_ — —
Per Capita Persoral
Income () 15,808 15708 15,686 14931 14827 15072 14629 — — —
Gmas Business
Receipts (SM) 3BTE8  B6732 39187 43868 45483 4572 42123 i - - —
Wiholesala o978 (43 699 B0 795 BO.O 136 _ —_ — —_
Ratall 1.301.7 1303 13923 1.692.9 18315 1.825.0 1.687.9 — — — —
Sardtes 7815 ;27 8778 9851 10293 1,081 arda —_ — — —
Contracting
(Contruction ) 9643 6354 696 4 G813 BA9.4 B27.4 B34 —_ —_ — —_
Rental Activity 1842 2141 a2 4021 4291 4441 4030 — — — —
Orthers B77.3 6112 611.3 5624 5295 B19.6 5303 _— —_ — —_
Total Deposits ($M) 14448 1308 1,385.2 130587 18227 16271 14727 15199 165643 15571 1,584.0
Tt Lomns (5M) 1.902.5 2.2400 25057 21969 254248 2,890.3 38|55 32455 3.204.2 26821 Z.480.1
Bank Deposits (M) 11,2802 12013 12260 14413 1,384 14881 1,327 1.2048 1.381.4 13724 1,482.3
Bank Loans (S0} 12957 20652 1.847.0 23573 2230 2.575.4 289321 289730 27828 25380 2,352.8
GG uam
Total Revenues (S000) 6750228 5511902 S04.353.0 5243453 5300071 5155739 S006569 46938708 4805504 4468482 M2633.2
Gl uam
Totdl Spending (3000) 5313755 3964639 4174142 3614313 3527644 2851304 2061304 3422497 0365690 3356391 2069371
Revenues less Spending 1438474 1547263 86.938.8 1629140 1772427 2304345 297 8265 1271382 143961.3 1112001 35696.1

Deficit ot beginning of year 41,5159

Diafict ot and of yvear 72015
Toital Federal Spending
(#000, FY) —
D -
Non-defenas -—
Other Federal Assistance -_—
Vidtor Amrhada (000) Bre.T
Hotd Rooms B,362
Qecupany Rate (%) .o
Talephones Subscribens 49,507

(48,127.4) (125.051.3) (184.861.8) (93.599.0) (7.951.0) (FRO20.7) (94.360.5) (108,928.0) (66.772.9) (96580.0)
(125.051.3) (1584.861.8) (93.599.0) (73.951.0) (73.928.7) (94,350.5)({108.938.0) (99,832.4) (96,580.0) (117.300.8)

1,101,8625
6365620
680555

472420
B0
6,038

550
54,250

1080 7784 8332467 6553600 2079022 11657123 S806056 8908119 8607710 12157598
T3.0160 4052855 BOSB360 4800868 6070850 4288200 4510190 461 380
62676 344512 J228431 366.901.4 4604551 446719 3908642 44659673

305541 235100 255302
10867 13618 1.%26
&9 7.140 7928
o 87,0 850

60 454 76585 E3709

608139 2812

1.381.5 11370
8118 8.706
82.0 67.0
82,669 BB.OT4

561137 489287 T25167
11618 1.2868 10590
9,305 10,084 10,110
61.0 63.0 580
79,068 70,707 T3.557

561,656.0
5521603
101,843.5
1.058.7
8,915.0
57.0
T6,425.0

SOURCES: Guam Department of Labor's Economic Research Center, Guam Visitors Bureau, Department of Administration and other GowGuam agencies.

Guam’s Gross Domestic Product as a whole decreased slightly in 2005, but when comparing
performance in the groups of exports there was a major change in export categories. There were
three general categories that had major changes. In 2004, Guam exported a little over $400,000
in scrap aluminum. In 2005, that figure rose to over $4,000,000 due to the increased commaodity
price of Aluminum and the increased exports to China. In 2004, fish exports were in excess of
$24,000,000, dropping to just under $7,000,000 in 2005. The third major change was a
substantial increase in automotive exports. In 2004, Guam exported a bit over $9,000,000 in
personal automobile exports. In 2005, this number was up substantially to over $16,000,000.
Further research would be needed to determine the major contributing factors to the change in
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exports, and whether the major shift in numbers can be attributed to how the exports are
captured.

3.4.4. Personal Wages & Income

Guam wages are high for this area of the Pacific, but low compared to equivalent jobs on the
mainland United States. As a result, industry on Guam is challenged in two ways. First, the
higher wages attract workers from neighboring islands, who then must be trained to a skill level
to support the modern infrastructure on Guam. Second, technically skilled personnel trained on
Guam tend to migrate to the United States mainland or Hawaii for higher salaries.

Table 3-6
SELECTED CATEGORIES Sep 2001 Mar 2002 Mar 2004
Total Civilian Population
16 years of age and over......... 100,470 99,500 99,780

Civilian Labor Force.... 64,800 62,050 61,520
Total Employed.. 56,040 54,980 56,810
Adult women.. 24,410 24,910 23,450
Adult men... 29,670 28,610 31,120
Teenagers.......... 1,950 1,460 2,250
Household Heads.. 23,670 24,070 23,970
Full-time workers... 50,560 47,790 50,150
Part-time workers.. 5,490 7.1%0 6,660
U.S. Citizens.......... 45,720 45,360 43,530
Immigrant aliens. 10,320 9,620 13,280
Veterans..... 3,360 3,760 4,040

Total Unemployed...... 8,760 7.070 4,710
Not in the Labor Force................ 35,670 37,450 38,260
Table 3-7
HOUSERCGLD INCOME
YEAR 2001 . ] 2003 e ]
TOTAL 39,107 100 35,008 100
MO INCOME 2074 53 2315 L]
UNDER £3.000 1296 33 860 22
$ 2.000- 4599 TR 20 748 19
% 5.000 - 65999 1.15% a1 T8S 2.0
§ 7.000- 8399 840 24 748 1.8
$ 9,000 -10,933 1102 28 1,159 3.0
% 11,000 - 12,953 1.102 28 1.309 34
$ 13,000 - 14,993 at 21 673 1.7
$ 15,000 - 19,993 2435 64 3,023 7.8
$ 20,000 - 25,953 3508 141 6.283 161
% 30,000 - 39,953 334 136 4500 11.8
$ 40,000 - 49,933 3920 100 3927 0.1
% 50,000 - 59,953 3,305 as 3.550 92
% 60,000 - 69,953 2624 BT 24m 6.2
$ T0.000 - 79,933 1717 44 2319 5.9
% 80,000 - 89,953 1,428 16 1.272 a3
% 90,000 - 59,953 1,037 27 485 1.2
5$100.000 & ABOVE 2462 6.3 2468 6.3
2001 2003

MEDIAN HOUSEHOLD INCOME $34.235 $23.457
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The following provides an overview of the hourly wages from 1998 to 2004. Please note
that there has been very little change in wage rate since 1998, with only a small increase in
some of the categories.

Figure 3-1
Average hourly Earnings, Non-Supervisory Private Sector,Guam
1998-2004
16
14 N T I
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3.4.5. General Business & Commercial Income

Guam’s business and commercial income has improved over the past two years with an increase
in spending from both tourism and the U.S. military bases. With the decision to relocate the
military personnel from Japan to Guam and Saipan, the bases on the island have had massive
building programs to put the infrastructure and housing in place to handle the influx of troops
and supplies. In addition to the relocation effort related to the movement of troops from Japan,
there was a decision made to base three nuclear submarines on the island. This required facilities
to be upgraded, as well as new facilities added, to be able to accommodate the decision. At this
time, there is also future planning for additional submarines and support staff, contributing to the
expected growth in Guam’s overall energy needs.

3.5. ISLAND ECONOMY AND INFRASTRUCTURE

3.5.1. General Status of the Economy

The economy depends largely on U.S. military spending and tourism. Total U.S. grants, wage
payments, and procurement outlays amounted to $1.3 billion in 2004. Over the past 30 years™,
the tourist industry has grown to become the largest income source following national defense.
The Guam economy continues to experience expansion in both its tourism and military sectors.*’
The overall status of the economy is seen to be positive, with continued expansion as the military
buildup gets into full swing. The expansion currently occurring on Guam is being compared to
the expansion in the mid-80s that lasted for over 5 years. Unemployment on Guam has
continued to drop since tourism has started to come back and the construction phase of the
Military buildup started in 2004. Currently the unemployment rate is 2.5 percent.

16 C1A World Fact Book, 2006 - - - ‘[ Formatted: Bullets and Numbering ]
17 C1A World Fact Book, 2006
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Figure 3-2

Guam Unemployment 1999-2006

16.0%

—
14.0%

-

NG

N

12.0%
10.0% -

o

8.0%
6.0% A
4.0% +
2.0% A

Percent

0.0%

1999 2000

2001

2002

2003

2004

2005 2006

3.5.2. Major Employment Sectors

Table 3-9
Industry, Guam 1980 to 2000
P 1980 1990 2000
Characteristic Number Percent Number Percent Number Percent

Employed, civilian, 16+yrs 32,692 100 52,144 100 57,053 100
Agriculture, forestry, fishing
and hunting, mining 306 0.9 568 1.1 296 0.5
Construction 3,025 9.3 8,023 15.4 5,532 9.7
Manufacturing 1,606 4.9 2,302 4.4 1,155 2
W holesale trade 754 2.3 1,584 3 1,948 3.4
Retail trade 6,545 20 9,959 19.1 7,558 13.2
Transportation and
warehousing and utilities 3,333 10.2 5,603 10.7 4,319 7.6
Information 1,540 2.7
Finance, insurenace, real
estate, rental, leasing 1,565 4.8 2,767 5.3 3,053 5.4
Professional, scientific,
management, educational,
waste mangement services 1,185 3.6 2,010 3.9 4,277 7.5
Educational, health, and social
services 6,403 19.6 8,677 16.6 8,412 14.7
ATTs, entertainment,
recreation, accomodation, and
food services 2,106 6.4 1,124 2.2 10,278 18
Other services; except
public adminastration 14 0 3,829 7.3 2,158 3.8
Public administration 5,850 17.9 5,698 10.9 6,527 11.4

Source: U.S. Census Bureau, 2000 Guam Demographics Profile, 1980 and 1990 Census of Population and Housing

Symbol "... " indicates not applicathle
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3.5.3. Water and Wastewater Systems

The Guam Waterworks Authority (GWA) is tasked with the responsibility to manage water and
wastewater services. Water revenues for FY 1998 were $24.7 million. There were 43,841 water
meters in service in FY 1998, and a total of 8.8 billion gallons of water was consumed in the
respective time frame.

In Fiscal Year 1989, the Public Utility Agency of Guam (now the GWA) installed a new Utility
Billing System. This system had the capability of adjusting for previous billing errors and
estimated consumption. As the old system did not adjust for estimated and erroneous billing,
total reported consumption may not actually reflect cumulative consumption.

3.5.4. Electric System

The Guam Power Authority (GPA) currently provides electric energy to over 40,000 metered
customers. With the increase in military presence on Guam, this number will increase
substantially over the next 10 years, with projections showing as much as a GPA total gross
generation capacity of 470 MW. GPA’s Transmission and Distribution (T&D) facilities include
136 miles of transmission lines and 450 miles of distribution lines (47 distribution feeders). The
GPA provides 365 MVA of substation capacity. From 1991 to 1996, a total of $267 million in
capital improvements projects were completed, with over $50 million in progress.

One major completed project is the Power System Control Center at the Cabras Power Plant.
This state-of-the-art Energy Management System supports remote telemetry and control of the
island Power System. In addition, the GPA is undergoing transition towards a Computer
Maintenance Management System (CMMS) that will
streamline maintenance costs and insure that maintenance is
performed in a timely and effective fashion.

Power purchase contracts with HEI Power Corporation
Guam, Taiwan Electrical and Mechanical Engineering
Service, Inc., and Marianas Electric Corporation, all
privately owned and operated, provide 170 MW of power
for the island. These contracts will run for 20 years, after
which the aforementioned firms will turn over the generation
assets to the GPA.
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Figure 3-3

Historical Peak (thru 9/6/05)
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The following are some of the major projects completed by the Generation Division during FY

2005:

Guam Power Authority

2004-2005 COMPLETED PROJECTS

Cabras 1&2 Power Plant (2004-2005)

Completed turbine/generator overhaul on both units

Performed boiler chemical cleaning (electrodeionization) on both units
Performed boiler condition assessment on both units

Replaced deaerator storage tanks for both units

Replaced air preheater baskets on both units

Retubed HP feedwater heater (#5) on Unit #1
Refurbished/replaced boiler safety valves on both units
Replaced turbine deck exhaust fans

Refurbished force draft fans (venturi, motor, rotor) on both units
Assessed and adjusted boiler springs and hangers

Completed Cabras Unit #2 turbine overhaul

Replaced boiler drum level indicators

Replaced the startup transformer

Conducted training for operations and maintenance personnel
Conducted annual performance testing

Completed boiler section replacements (arch tube, reheat tubes)
Installed turbine lube oil purifier

Replaced corroded cable trays in basement

Installed fire retardant on boiler front cables

Replaced chemical feed system

Installed water sampling system

Constructed roof over waste oil facility oil water separator
Replaced one instrument/service air compressor

Cabras 3&4 power plant (2004-2005)

Modified scavenging air drain/mist catcher

Initiated fuel oil supply and return line replacements
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Replaced traveling screen control panels
Initiated piston clean ring modification (extends liner operation cycle)

Initiated design for 750 kW emergency generator installation (90 percent complete)

Constructed building to house fuel oil day tank heater panels

Modified exhaust gas receiver piping elbows (minimize leaks)

Upgraded turbocharger silencers with stainless steel wire mesh on unit #3
Replaced homogenizer control panel

CT and diesel plants (2004—2005)

Completed major OH for Manenggon diesel units (5 MW x 2 units)
Replaced air compressors at the Manenggon and Tenjo Vista power stations
Stack replacement at the Talofofo power plant

Completed dededo CT #1 major overhaul

Completed repairs & major overhaul work on Macheche CT Unit
Completed rotable assembly exchange/repair Yigo CT

Purchased water softeners for macheche and Yigo CT

Figure 3-4
Guam Power Authority, Max Peak Demand 1969-2004
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Below charts show power consumption and tevenues by customers for Guam Power Authority,
1994-2004 (Source: 2004 Guam Statistical Year Book):

Figure 3-5
Power Consumption, Guam 1994-2004
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Figure 3-6

Power Revenues, Guam 1994-2004
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3.5.5. Transportation

Most transport is by private vehicle, with around 100,000 vehicles registered for highway use.
Guam’s highway system consists of a network of multilane highways running the entire north-
south length of the island and supported by secondary highways and two-lane roads. The
highways and secondary highways are in good repair and provide a smooth surface that has been
converted from coral to asphalt over the past decade. Guam’s highways have a maximum speed
limit of 45 mph, with secondary roads normally posted at 35 mph and residential at 15 mph.

Guam has matured over the past 10 years in the area of transportation with the modernization of
their highways and signal system. There is a mass transit system that has served Guam for
several years. In addition to the buses owned by the Guam Transit Authority, tour buses are
readily available to serve the 1 million plus tourists that come through the island each year.
Guam also has the usual taxi and limousine services

3.5.6. Marine

A system of marine reserves has been established and is thriving in their fourth year of
existence. The fish population in the reserves is reported to have doubled, and the coral reef is
thriving. However, outside the reserves, fishermen are reporting smaller and fewer fish. Many
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on Guam are now calling for additional regulations to help stabilize the overall health of the reefs
and the areas where fishing is permitted. (PDN, 2 May 2005).*8

3.5.7. Port and Port Industries

Apra Harbor is a beautiful, deepwater port that can accommodate the largest naval vessels,
including aircraft carriers. Guam Shipyard provides repair and maintenance for U.S. vessels, and
Kilo Wharf features the only deepwater ammunition port in the Western Pacific in which a
loaded ammunition ship can go pierside and get much needed maintenance accomplished.

Apra Harbor is located on Guam’s west coast at approximately 13°26° N. 144°40° E. Agana,
Guam’s largest city, is located approximately 6 miles east-northeast of Apra Harbor. For all
practical purposes, this is the commercial hub of the island. It is a natural harbor, protected by
Orote Peninsula on the south and Cabras Island on the north. Guam’s commercial port is on
Cabras Island, along with private industrial firms. Almost all of Apra Harbor, with the
noticeable exception of the commercial port operations, is under the jurisdiction of the adjacent
U.S. Naval Activities. The port handles both containerized and conventional cargo from the
United States and other countries.

Apra Harbor is an improved, natural basin that consists of an Outer Harbor and an Inner Harbor.
Orote Peninsula, which projects 3.5 miles west-northwestward from Guam’s west coast, forms
the southern boundary of the Outer Harbor. The northern side of the Outer Harbor is formed by
a breakwater that is partially manmade. The manmade portion of the breakwater lies west of
Cabras Island and is called the Glass Breakwater. The average height of the breakwater is
approximately 15 feet (4.6 meters) above mean sea level. The Inner Harbor extends southward
from the eastern part of the Outer Harbor. Hills east and southeast of the port provide a limited
wind break for winds from those directions, but Apra Harbor is not a sheltered port.

The Guam Shipyard provides vital shore industrial support, repair, maintenance, overhaul and
dry docking services to visiting Seventh Fleet units, the submarines of Commander Submarine
Squadron 15, and resident tender, USS Frank Cable, as well as four Military Sealift Command
ships, two coast guard ships, and local Federal agencies on the island. The shipyard also
provides authorized repair to Jones Act commercial ships, such as Matson Navigation and
Sealand Services, and shore support services to GovGuam agencies. Guam Shipyard has
facilities and capabilities not found elsewhere in the western Pacific, including a foundry, the
largest motor rewind facility, a special building for environmentally controlled sandblasting and
painting, microminiature circuit board repair, corrosion control and an industrial laboratory. It is
the only facility in the western Pacific certified by the U.S. Department of Transportation to
perform recertification requirements on breathing air and high pressure air cylinders. *°

3.5.8. Airports

The Guam International Airport, is a primary regional airport serving passenger and cargo needs
between Guam and the United States, Asia, Australia, and various islands in the Pacific region.

18 pacific Islands Report, Spring 2006
19 Global Security.org/mil - - ‘[Formatted: Bullets and Numbering ]
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The Airport is centrally located in the heart of Guam’s business district, offering 768,000 square
feet of terminal space along with numerous hangars, maintenance facilities, warehouse space,
storage facilities, office space, and expansive ground areas with high potential for development
on over 1,800 acres.

Guam International Airport has recently extended the runway to be able to handle the largest
planes made. The airport has its own backup generators and water system to make sure that
passengers and security needs are addressed during power losses.

The graph below shows the number of visitors:

Figure 3-7

Visitor Arrivals by Air and Sea, Guam 2000-2004
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3.5.9. Communication Systems

Guam has an excellent communications network that includes both copper and fiber. There are
several cell phone companies on the island offering competitive rates. Guam has one cable TV
company, but others are interested in competing, which should improve services and decrease
current pricing.

3.5.10. Tourism Industry
The tourism industry continues to expand through proactive advertising.

3.5.11. Major Industry

Guam’s major industries are tourism, with over 1.3 million visitors per year, and the U.S.
military, that continues to expand its presence on Guam.

3.5.12. Military

The American military has maintained bases on Guam of varying strength in both personnel and
equipment since the turn of the century. After the end of World War 11, Guam was the site of
major naval and air force facilities to backstop U.S. defense commitments in the Asia-Pacific
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region. Between 1990 and 2000 the number of military personnel and their dependents were
reduced due to base closures initiated in 1995. Since 1995, the military-related population has
decreased from 22,178 (active duty personnel and dependents) in 1992 to 11,625 in 2000. The
economic impact of the base closure, unit transfers, and scale-back activities resulted in direct
job losses on Guam of approximately 4,800 (3,500 Federal civilian jobs and 1,300 military
positions). Due to tensions in the region and Guam’s strategic location to serve as a staging base
and operating location for mobilizing U.S. military forces and equipment within the western
Pacific, there is now increased military spending on Guam, including the appropriation by the
U.S. Congress in 1999 of $103 million for military construction projects on Guam and the
decision by the U.S. Defense Department to station a squadron of nuclear powered submarines
on Guam. Additionally, Guam was designated as a Quality of Life and Liberty port for the U.S.
Navy Seventh Fleet ships in June 1999. From that time until April 2001, according to Seventh
Fleet statistics, approximately $28 million has been infused into Guam’s economy through sailor
spending and contracts for ship provisions and services. An increase in military personnel of
over 8,0090Wi|| take place over the next few years, as personnel stationed in Japan are relocated
to Guam.

3.5.13. Other Special Economic Elements

The economy depends largely on U.S. military spending and tourism. Total U.S. grants, wage
payments, and procurement outlays amounted to $1.3 billion in 2004. Over the past 30 years, the
tourist industry has grown to become the largest income source following national defense. The
Guam economy continues to experience expansion in both its tourism and military sectors.?*

3.5.14. Manufacturing, Craft, Trade

Since scrap metal prices have increased over the past two years, there has been a substantial
move on Guam to clean up the island by selling off old cars and other scrap metal on the
international market. The largest scrap yard on the island is now operating in the black and
selling most, if not all, of its scrap metal to China. Aluminum and copper prices have also gone
up substantially. This has resulted in a major increase in sales and exports of scrap metal to
other countries.

During June of 2006, Governor Felix P. Camacho launched a major initiative to create a new
trade distribution industry that has the potential to generate thousands of jobs and inject tens of
millions of dollars into the economy. The initiative also would make Guam the region’s trade
distribution hub and the country’s westernmost handler of U.S. trade imports.

3.5.15. Agriculture
Guam has a total of 201 farms in cultivation. Together, they produced over $4.3 million in
agricultural products in 1998, resulting in a 63 percent increase in sales over 1993 sales, with
roughly the same number of farms. However, much of that dollar increase was from inflation.

0 Guam Annual Economic Report, 2001-2002
21 CIA World Fact Book; 4/20/06
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3.5.16. Aquaculture, Fisheries, Refineries
Small commercial fishing boats, sport fishing,and tourism are the key drivers for the fishing
industry on Guam. There are no fish refineries on Guam, but the local Fisherman’s Coop meets
regularly and provides a local sales outlet for the fish coming into the docks.

The Guam Aquaculture Development and Training Center (GADTC) is administered by the
Economic Development and Planning Division (EDP). The GADTC carries out the functions of
the Department as the lead agency in aquaculture and fisheries development. The Division also
coordinates all fisheries and aquaculture development matters dealing with regional, national,
and international organizations and agencies.?

3.6.ECONOMIC DEVELOPMENT PLANS AND PROJECTS

3.6.1. Existing Capital Improvement Projects

Table 3-10

Federal Government Grants by Agency, Guam : Fiscaly

(Thousands of Dollars)

Agency 1998 1999 2000
Total 197,132 188,206 181,744
Departmentof Agriculture 14,102 18,305 12,892
Departmentof Commerce 795 2,205 462
Corporation of Public Broadcasting 442 500 563
Departmentof Defense (142) 0 0
Departmentof Education 21,196 6,360 36,245
Departmentof Energy 69 190 29
Environmental Protection Agencey 2,651 15,660 1,455
Federal Emergency M anagement Agency 33,278 17,185 8,739
Departmentof Health & Human Services 19,046 21,854 13,542
Department of Housing & Urban Development 18,051 5,035 19,169
Departmentof Interior 44,375 66,061 59,422
Department of Justice 3,401 7,780 603
Department of Labor 27,615 7,090 2,539
N ational Foundation on the Arts & Humanities 192 400 140
Departmentof Transportation 11,963 19,182 25,665
Veterans Administration 0 0 0
M iscellaneous 98 399 279
Source: U.S. Department of Commerce, Bureau of the Census

3.6.2. Capital Commitments

Substantial funds are being used for schools, infrastructure upgrades, and other Government
spending, totaling between $4 and $5 million to cover the effects of immigration to Guam from
countries with Compacts of Free Association.

3.6.3. General Status of Economic Development Planning

Guam has an Economic Development and Planning Division under the Department of
Commerce. The Economic Development and Planning Division (EDP) is responsible for the
development, formulation, implementation and monitoring of comprehensive and sectoral plans
for the development of Guam’s economy. The Division is separated into these sections that
reflect the different work areas:

22 Guam Department of Commerce - - ‘[Formatted: Bullets and Numbering ]
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e Office of Economic Analysis and Planning
e Office of Project Implementation and Finance
o Office of Guam Aquaculture Development and Training Center

The EDP division is responsible for providing the mechanism for guiding the orderly growth of
Guam’s economy through the formulation of the New Economic Development Plan (completed),
Base Closure Economic Recovery Strategy, One Stop Aquaculture Permit Process (pending
legislation review) and subcomponent and sectorial plans, such as the Tumon Bay Master Plan
(completed), Aquaculture Development Plan for the Territory of Guam (completed), and the
Vision 2001 Plan, Fishery Section (completed). The staff monitors actions taken by
implementing agencies which are necessary to achieve the economic development goals set forth
in the plans and makes periodic reviews and updates of the Overall Economic Development Plan
and sectorial plans as needed.

In the area of aquaculture, the EDP continues to develop and promote commercial fisheries and
aquaculture on Guam. The EDP is responsible for implementing priority projects identified in
the Aquaculture Development Plan and the Territory of Guam Fisheries Development and
Management Plan. The EDP administers the Guam Aquaculture Development and Training
Center and carries out the functions of the department as the lead agency in aquaculture and
fisheries development. The Division also coordinates all fisheries and aquaculture development
matters dealing with regional, national, and international organizations and agencies. The
assessment and potential development of the marine resources within Guam’s EEZ is being
pursued with the U.S. Geological Survey Office.

The EDP is responsible for identifying and securing Federal and local funds for the
implementation of projects aimed at achieving economic development goals set forth in the
various planning documents.?®

3.6.4. Economic Development Approach and Special Issues

Guam has challenges similar to any island nation: finding or building a qualified work force,
procuring parts, maintaining a spare parts inventory in an environment that is conducive to
oxidation, etc. High fuel costs and low labor rates create an ongoing battle to keep costs low
enough for the general public to be able to use energy as needed for a healthy and comfortable
life style. Guam has continued to expand its college and university and has pushed the
apprenticeship program forward to get the future generation of operators and journeymen the
needed training to safely and efficiently operate its utilities. Economic development in the
tourist industry is being accomplished through proactive advertising in the countries to bring
tourists to Guam from a wide variety of locations. Diversification is a key element in the tourism
industry in addition, Guam is improving its infrastructure to support not only the expected
growth on the island from the military buildup, but also additional tourism.

3.6.5. Focus Areas

In the area of energy, Guam is currently focusing on hardening the utility against typhoon
damage. This is a major effort, with approximately $20 million per year being dedicated towards
this effort. Other areas of continuous improvement are preventive maintenance efforts and the

2 Guam Department of Commerce
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training of the GPA employees. There is an ongoing Apprenticeship Program that will provide
additional manpower as the current employees retire or leave the GPA.

3.6.6. Energy Considerations

From an energy planning perspective, Guam is almost unique among the Pacific islands included
in this assessment. The Government of Guam plans for only a single island. The population is
quite large for a Pacific island compared, for example, to the seven islands in the nearby
Commonwealth of the Northern Mariana Islands—and there is a large United States military
presence. All electricity users, including both military bases, are on the grid, and because Guam
is more prosperous than the other Pacific islands, a larger proportion of the population has
electricity service. In recent years, Guam’s electricity demand has been declining as a result of
conservation efforts, and generating capacity is now generally adequate. Peak demand has not
changed significantly in six years, and the Guam Power Administration is more likely to need to
replace old generating units than to expand capacity. However, financing current operations and
any replacement may pose problems.*

3.6.7. Economy Diversification

Guam’s economy is based on military and tourism spending and cannot be considered diverse.
Guam continues to look for new ways to build additional diversity into the island economy, but
to date there are limited resources and limited opportunities identified. Currently, close to 90
percent of the tourist trade for Guam is from Japan, so within the tourism industry, Guam is
working towards diversification by advertising campaigns aimed at specific countries, e.g.,
China and Korea, to reduce the effects on Guam tourism that is caused by shifts in the Japanese
economy.

3.7.STATUS OF ENERGY SYSTEMS

3.7.1. Major Energy Uses

Major energy users on the island are the transportation industry, the military bases, the
Government of Guam, and the tourist industry. The primary uses for electric power are air-
conditioning, cooking, lighting, public water and sewage pumps, and water heating. Aircraft,
automobiles, trucks, and buses are the primary users of aviation fuel, diesel, and gasoline
products. While this mix of energy uses is unlikely to change in the foreseeable future, the
energy delivery systems are currently adequate and reliable.

3.7.2. Electric Power System

Guam Power Authority has installed 663 miles of transmission and distribution lines and
operates 29 Substations throughout the island. The peak load usually runs in the area of

280 MW. The Navy base and the Air Force base have their own distribution system that receives
power from the Guam Power Authority. The transmission voltages are 115 kV, 34.5 kV, and
13.8 kV for distribution. Substations are being modernized with SF6 circuit breakers to reduce
maintenance costs and improve reliability. The 34.5 kV transmission system is being converted
to underground lines. This is projected to be completed in 2013.

*Chapter 3, Energy Planning for Guam, 1982
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3.7.3. Generation Facilities

The Generation Division of the Guam Power Authority is one of the largest divisions in the
authority. It comprises two steam power plants, one slow speed diesel plant, four medium speed
diesel plants, five combustion turbine plants, a centralized maintenance section, the water system
diesel generator section, and the transportation department. In conjunction with independent
power producers (Pruvient, Marianas Energy Company, and Taiwan Electrical and Mechanical
Engineers Services), this division manages nearly 200 employees and a total of over 550 MW of
power plant and emergency diesel generator rating capability.
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Table 3-11

Maximum
Generation ) Gros;
Primary Capacity |First Year
Unit Technology Fuel (MW) In Service
Baseload
Cabras 1 Steam Turbine RFO #6 66 1974
Cabras 2 Steam Turbine RFO #6 66 1975
Cabras 3 Slow Speed Diesel RFO #6 40 1996
Cabras 4 Slow Speed Diesel RFO #6 40 1996
Piti8 (MEC) Slow Speed Diesel RFO #6 44 1999
Piti9 (MEC) Slow Speed Diesel RFO #6 44 1999
Tanguisson 1 Steam Turbine
(PRUVIENT) RFO #6 26.5 1976
Tanguisson 2
(PRUVIENT) Steam Turbine RFO #6 26.5 1976
Dededo CT 1 Combustion Turbine Diesel #2 23 1992
Dededo CT 12 Combustion Turbine Diesel #2 23 1994
Macheche CT Combustion Turbine Diesel #2 21 1993
Marbo CT Combustion Turbine Diesel #2 16 1993
Yigo CT Combustion Turbine Diesel #2 21 1993
Piti 7 (TEMES) Combustion Turbine Diesel #2 40 1997
Dededo Diesel 1 Medium Speed Diesel Diesel #2 2.5 1972
Dededo Diesel 2 Medium Speed Diesel Diesel #2 2.5 1972
Dededo Diesel 3 Medium Speed Diesel Diesel #2 2.5 1972
Dededo Diesel 4 Medium Speed Diesel Diesel #2 2.5 1972
Pulantat Diesel 1 Medium Speed Diesel Diesel #2 5 1994
Pulantat Diesel 2 Medium Speed Diesel Diesel #2 5 1994
Talofofo Diesel 1 Medium Speed Diesel Diesel #2 4.4 1993
Talofofo Diesel 2 Medium Speed Diesel Diesel #2 4.4 1993
Tenjo Diesel 1 Medium Speed Diesel Diesel #2 4.4 1993
Tenjo Diesel 2 Medium Speed Diesel Diesel #2 4.4 1993
Tenjo Diesel 3 Medium Speed Diesel Diesel #2 4.4 1993
Tenjo Diesel 4 Medium Speed Diesel Diesel #2 4.4 1993
Tenjo Diesel 5 Medium Speed Diesel Diesel #2 4.4 1993
Tenjo Diesel 6 Medium Speed Diesel Diesel #2 4.4 1993




3.7.4. Fuels

Guam imports all of its fuel for electric generation, agricultural, commercial, and transportation.
These numbers are not tracked in detail by the Government Energy Office. The estimates shown
in Figure 3-9 are from Shell Oil Company.

Figure 3-8
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3.8.ELECTRIC PRODUCTION AND USE

3.8.1. Existing Renewable & Alternative Power Production

Guam has almost no renewable or alternative power production, other than small solar units for
hazard lights on cell phone towers, solar units for remote weather stations, and a few small
(<5 kW) wind generators used by homes and small businesses. There are some solar water

heating units accounting for approximately 0.4 percent of solar panels (thermal) shipped from the
United States in 2003.%

B US. EIA
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Table 3-12

Key Utility Statistics

Years 2000 2001 2002 2003 2004
Power Consumption (KWh x 1M)
Residential 540 534 498 462 496
Commercial/Government 858 852 773 692 794
Street/Outdoor lighting 12 15 14 13 11
US Navy/Air Force 331 334 317 290 289

Total 1,741 1,735 1,602 1,457 1,590

Telephone Connections
Residential 45,161 42,913 44,585 39,639 39,612
Business 29,654 28,871 30,067 32,754 30,143

Total 74,815 71,784 74,652 72,393 69,755
Water Consumption (Gallons x 1M)

Residential 4,588 4,479 4,167 4,372 4,042
Commercial/Government 2,701 2,600 2,324 2,388 2,378
Agriculture/Irigation 207 235 193 193 175

Total 7,496 7,314 6,684 6,953 6,595

Data Source: Guam Statistical Yearbook—2004

3.8.2. Existing Conservation and Demand-Side Programs

Guam Power Authority has an extensive Demand-Side Management Program that is worked in
conjunction with the Guam Energy Office. The Energy Office offers training and educational
material to the general public on lighting, building envelope, HVAC, hot water, and electric
appliances. Guam Energy Office is also providing educational material on clean coal technology
and nuclear power. Recently the Guam Legislature passed a bill to encourage people to install
solar water heaters, water catchments, and storage systems in new construction. Energy
conservation advertisements are routinely seen on television and heard on the radio.

3.9.REGULATORY, ENVIRONMENTAL ISSUES

Guam falls under the U.S. Government regulations that include OSHA (Occupational Safety and
Health Administration) and the EPA (Environmental Protection Agency) among many other
rules and regulations, from fire protection to Human Resource programs. Specific programs
outside of OSHA and HR programs that affect Guam’s ability to generate power are the OSHA
regulations regulating the fuel quality, sulfur content, and visual emissions. Guam Energy Office
also sponsored a recent Energy Conference on Guam and an Energy Week to encourage
conservation.

The Guam Power Authority is considering possible opportunities for people to feed power into
the electrical grid if they are using a renewable resource. The policies are still being developed.
The GPA may also include high-efficiency installations, such as combined cycle and
cogeneration.
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3.10. TRANSPORTATION

3.10.1. Fuel Use

The following chart and graph show fuel imports for Guam. These numbers were provided by
the Government of Palau and indicate a continued overall increase in fuel imports.

Figure 3-9
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3.10.2. Fuel Types and Costs

Fuel types used on Guam are:
Regular unleaded gasoline
Premium unleaded gasoline
#2 diesel
#6 diesel or Residual Fuel Oil

The Guam prices on the above products range from $2.20 per gallon for residual fuel oil to

approximately $3.60 per gallon for premium unleaded. The GPA uses the following fuels: high
sulfur fuel oil (HSFO), low sulfur fuel oil (LSFO), Number 2 diesel distillate (DIESEL), and low

sulfur diesel.

1. % shell Oil Company, South Pacific Petroleum, Mobile Oil Guam
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High sulfur fuel and low sulfur fuel oils are residual fuel oils with maximum 2 percent and 1
percent sulfur content by weight respectively.

Power plants within the Cabras/Piti area must comply with the Cabras/Piti Area Intermittent
Control Strategy (CPAICS) as required by 69.11 (a)(3)(i) of 40 CFR Part 69 Subpart A, as
amended, and any modification to the CPAICS approved by USEPA as defined in
69.11(a)(3)(ii).

Under the CPAICS, the GPA is allowed to use higher sulfur fuel at its Cabras-Piti facility
whenever 15-minute average wind direction and wind speeds are within acceptable limits.
Outside these acceptable limits, the GPA must use LSFO. This arrangement saves ratepayers
approximately $3.5 million annually. Tanguisson Power Plant has no restrictions on HSFO use.

GPA uses low sulfur diesel at its Tenjo Vista medium speed diesel plant. It uses diesel at its
combustion turbines and medium speed diesel plants.

Historically, diesel is much more expensive than HSFO. In the first week of September 2005,
diesel 2p7rices averaged $76.00 per barrel. During this period, HSFO averaged $51.00 per
barrel.
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3.10.3. Reducing Transportation Energy Use

Guam uses bus transportation extensively. However, there are ways to reduce the cost and fuel
consumed by mass transit. American Samoa has a unique approach, using small buses with
unique paint schemes to attract customers. Guam Energy Office is also encouraging people to
ride the bus and carpool when possible.

2" Guam Power Authority
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3.11. COMMERCIAL & INDUSTRIAL

3.11.1. Tourism

Guam has a very active and efficient tourist trade, with 90 percent of the 1.3 million plus tourists
coming from Japan the remainder mostly coming from the Middle East and China. Guam
continues to enhance tourism through improvements to the infrastructure and selective
advertising.

3.11.2. Manufacturing

Guam has a Pepsi bottling company on the island and a repair facility at the Navy shipyard.
There are several small machine shops and repair facilities, but no large-scale manufacturing on
the island.

3.11.3. Military

The military has an Army base at the middle of the island in Barrigada. The Navy has a large
base on the southwest side of the island with full docking and repair facilities. The Navy is
currently expanding the base to be able to handle a larger number of submarines and possibly
larger ships as the Guam infrastructure becomes more resilient.

3.12. ALTERNATIVE ENERGY OPPORTUNITIES

3.12.1. Alternative fuels:

The consensus on the islands and among industry experts is that the cost for fuel will not
decrease but will likely continue to increase with the increased demand from China, India, and
other developing countries. Even though there is an awareness of this probable scenario, not
enough is being done to prepare Guam for the continuing high cost of energy. It is critical for
Guam to begin a process of gathering information on energy use and developing Return on
Investment (ROI) analysis on each of the available opportunities to reduce energy costs. Where
possible, all available energy related project funds should be directed towards reducing total
energy costs and preparing for future cost increases for imported fuels. This can be in the form
of devoting internal Government resources towards taking advantage of grants for energy related
projects that will reduce the incremental cost of energy without incurring additional long term
debt for Guam. The GPA is looking at expanding their capacity due to the growth of Guam’s
population and its economy sometime within the next six years. There is time, if started now, to
analyze the different options that can reduce Guam’s dependence on imported oil for that new
generation capacity.

Upgrading power plants to new replacement units or expanding capacity is a window of
opportunity that opens only once every 10 to 30 years. This window should not be taken lightly.
Studies should be performed to determine the correct approach, timing, and type of power
generation equipment to purchase. The decisions made today will impact future generations for
two to three decades, or in some cases, even longer.

Renewable resources should always be considered prior to moving towards fuel based systems.
This keeps the renewables on the top of the list to consider. However, if renewables do not meet
the requirements, then possibly the installation of coal fired power plants would be more cost-
effective than returning to diesel and residual fuel oil fired units similar to those currently being
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used. Cogeneration facilities using coal as a supplement to waste-fired boilers may also offer
some cost-effective alternatives. At the time of this report, coal prices are less than $60 per ton
for 12,000 BTU per pound coal. When corrected for BTU differences in the fuels, this equates to
approximately $0.03 per kWh fuel cost compared to $0.13 per kWh (based on 17 kWh per gallon
and Number 2 diesel price of $2.20 per gallon) fuel cost for diesel or $0.11 per kWh (based on
18.5 kWh per gallon and Number 6 fuel price at $2.05 per gallon) for residual fuel. Coal fired
power plants have added benefits for the island’s economy with the creation of jobs and use of
the waste ash products as aggregate for the building industry. Operation costs may be slightly
higher for coal fired steam plants, and this should be taken into consideration. However, at the
cost differential between coal and oil, the additional labor will not offset the overall savings. A
feasibility study should be conducted to provide a detailed report on costs and savings.

Wind and solar will not be able to displace fossil engines unless there is a major breakthrough in
energy storage. They can, however, supplement the existing fossil generation mix and should be
considered when replacing or upgrading system capacity. Life cycle repair and replacement
costs must be considered when installing this type of system, especially if the system could only
be justified by using funds acquired through a Government or private sector grant.

Privatizing the utilities

Guam has experimented with independent power producers (IPP) and with performance
management contracts (PMC), two of the many forms of privatization. Currently Guam has
three IPPs with TEMES owning and operating a 40 MW CT, and MEC owning and operating
two 40 MW slow speed diesel plants, with the privatization of the management of the base load
power plants on Guam. This has provided a substantial increase in plant reliability and
performance through the use of performance based management contracts (PMC). The contracts
reward good performance and financially penalize poor performance with preagreed key
performance indicators (KPI) that can be measured and tracked. The actual performance against
the KPIs would then determine the rewards and penalties. In addition to the overall performance
improvements, additional benefits related to simplified procurement practices provides a more
effective method of procuring parts and materials for the power plants. The overall result is
improved performance for the money spent on the plants, even though the total O&M budget is
higher under a PMC than it is under direct utility management.

However, privatizing the utility is unlikely to resolve the challenges related to fuel costs. The
general public must be made to understand that fuel is something that is, and will be, needed in
the foreseeable future to provide power for the island. Since this is a requirement that cannot be
avoided, there must be ways found to reduce the impact of the higher fuel costs on the energy
consumers through improved efficiency on both the supply and demand-sides.

There are additional items that can be done to streamline the utility. Government actions that
can be done immediately to help remedy the funding challenges resulting from higher fuel cost
continue to be delayed due to public objection. Although on occasion politically unpopular,
these options are needed to provide a sustainable energy infrastructure. An example of this is the
needed increase in utility rates and fuel cost adjustments required to sustain the utility that has
been exposed to today’s high cost of fuel. Even though this is an unpopular item to discuss and
implement, it is also an inevitable outcome to support the reliability of the utility. Additional
efforts towards alternative fuels must be explored through additional efforts by the Government
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and by the public sector. Solar and wind currently are available options, but these are by no
means a secure and reliable power source for an island. Still, the can make a contribution
towards reducing imported energy costs. Demand-side management is also an option, but as the
demand is reduced, there remain fixed costs within the utility that can only be offset by higher
tariffs as the total electrical production is reduced through DSM.

3.13. 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 percent and combine
technical and nontechnical losses in generation, transmission, and distribution.

A detailed quantified power system loss study should be conducted for the GPA as a stage 1
project. This project would measure and collect the electrical characteristics of the entire power
system and then determine the losses. Once these losses have been quantified, stage 2 of this
process would be to assess the need for updating existing low efficiency equipment (examining
financing mechanisms as appropriate), establishing Government legislation that makes electricity
theft a crime, and review the maintenance practices in the power plants. The end result would be
detailed recommendations for changes in equipment and operations to improve the supply-side
efficiency to the highest level economically achievable.

3.14. DEMAN- SIDE EFFICIENCY IMPROVEMENT AND ENERGY
CONSERVATION

The GEO receives its principal funding from the USDOE State Energy Program (SEP) and
therefore GEO programs are largely focused on program areas of the SEP. School programs and
renewable energy demonstrations that support educators in teaching energy related materials,
public information programs, public demonstration of energy technology, and household energy
efficiency improvement efforts are a major program components.

6.1.2. Figure 3-12 Guam Energy Office and Pacific Energy Resource Center

6.1.3.

5.1.4. Source: Photo—Herb Wade 2006
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The GEO occupies a stand-alone building that is itself a demonstration of energy efficient
construction. Besides offices, the building includes an excellent display of energy related
materials, and has solar photovoltaics and a solar water heater installed to demonstrate those
technologies. It has high visibility since it is located along a busy traffic artery and near several
major shopping areas.

The Guam Power Authority (GPA) also has an ongoing program for energy conservation and
energy efficiency improvement in the home and maintains a comprehensive web site that
includes energy conservation information.

3.14.1. Electrical Metering/Tariffs

All users are metered and no prepayment type meters are used. Guam has a complex rate
structure that has separate rates for different demand levels, different kilowatt-hour per month
usage, and different classes of use. The fees include a monthly fixed charge, a tariff based on the
cost of GPA operation and distribution but excluding fuel, and a fuel surcharge (LEAC) adjusted
twice a year that is added to all base tariffs.

The single phase residential tariff is in two tiers. The lowest rate, $0.03354 per kilowatt-hour,
applies up to 500 kWh per month. The higher tier is charged at $0.0795 per kilowatt-hour. The
mid-2006 fuel surcharge was 0.09859 per kilowatt-hour, for a total charge of about $0.13 per
kilowatt-hour and about $0.18 per kilowatt-hour respectively, a substantial difference that can be
an incentive to lessen waste of energy.

The high level of appliance ownership and the relatively low electricity rates, compared to most
of the other islands assessed, have resulted in an average household electricity use of around
1,000 kWh per month. Most of the islands assessed, including the Virgin Islands, have an
average household use substantially lower than Guam, indicating considerable room for
efficiency improvement in households.

3.14.2. Household Energy Efficiency Measures

The GEO has participated in domestic DSM programs, such as the consumer household energy
efficiency program, Your Energy Savings (YES!), which provides for home energy audits,
rebates on energy efficient lighting and appliances, and general public information programs
relating to household energy conservation.

Both the GEO and the GPA have had programs to replace incandescent lights with CFLs. The
demand for energy efficient lighting is large enough to allow a well-stocked store selling nothing
but high efficiency lighting and home energy efficiency improvement gear, e.g., motion sensing
devices for light activation, appliance timers, and energy consumption meters, to be present on
Guam. That renewable energy is also of interest is shown by the fact that almost next door is a
company that stocks and sells solar PV and small wind turbines, although solar and wind power
is only a part of their overall business.

The bulk of electricity usage is for air-conditioning (83 percent of households have air-
conditioning), water heating (86 percent of households have hot water, the majority using
electricity) and cooking (62 percent by electricity). Switching electric cooking to more fuel-
efficient gas could reduce total fuel imports and probably lower the evening peak by as much as
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15 MW. An alliance between the GPA and local gas distributors to provide incentives to replace
electric cook stoves with gas stoves could provide advantages to GPA as well as lowering fuel
imports. If households can be made aware of the lower cost to them for gas cooking and are
given the opportunity to finance a gas cook stove through GPA, economic benefits to both
households and GPA could result. If the terms that GPA works out with local gas distributors
include a share of the profit stream from the added sale of gas, then the lost profits from the sale
of electricity for cooking electricity could be offset.

3.14.3. Government and

Commercial Sector Buildi ngs Table 3-13 —Major Appliance Ownership in Guam
Item Number Percentage

The GEO works closely with Government Electric Cooking 29.431 61.7%
departments to monitor energy use and to Gas Cooking 16,550 34.7%
improve energy efficiency. Government Kerosene Cooking 82 0.2%

departments must assign an employee the task Refrigerator 45,536 95.5%
of monitoring energy use and completing a Water heating 41,079 86.2%
monthly report to the GEO regarding energy Central A/C 16,657 35.0%
use and its trend in the department. The goal REAM IS e 22,700 47.6%

Source: 2000 Census

set by the GEO is to reduce energy use by 10

percent over the previous level. Although such a level of monthly energy reduction cannot be
achieved indefinitely, clear benefits have resulted through better management of air-
conditioning, upgrading lighting and air-conditioning with higher efficiency units, and general
energy conservation. The program should be continued with the addition of getting the top level
of Government to apply strong pressure on those departments with poorer records of
performance to improve.

The commercial energy sector is dominated by large tourist hotels and large shopping malls.
Loads are in turn dominated by refrigeration equipment for air-conditioning or for food
preservation and storage. Energy efficiency improvements for those large users are best served
by an ESCO but the GPA can offer technical and energy audit services to large electricity users
to support energy efficiency improvement. If ESCO services appear to be needed, the GPA can
assist the commercial customer to make contact with ESCOs serving Guam.

Cooperation in energy efficiency improvements between the GPA and the military
administration is important to maintain, particularly in view of the large influx of military
personnel expected in 2006. Any assistance that GPA and the GEO can provide to help military
authorities improve energy efficiency in military households, e.g., cooperative energy efficiency
information programs, use of solar water heating, electric stove replacement, and of military
facilities using GPA power, e.g., air-conditioning efficiency improvement, lighting upgrades,
will be of benefit to both the military and to Guam.

3.14.4. Building Energy Efficiency Standards

Guam has the model building energy code for the region. It is generally well-enforced and
substantial energy efficiency benefits have accrued over the years since its adoption. The GEO
is continually engaged in a process of determining what changes are needed and continue to
propose code modifications to better meet changing energy economics.
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3.14.5. Appliance Energy Efficiency Standards

In 1994, a bill to establish appliance energy efficiency standards was tabled by the GEO but was
not passed by the legislature.

Most major appliances brought into Guam have U.S. energy efficiency labels. The U.S. energy
efficiency labels on large appliances such as refrigerators, electric water heaters, and freezers
include an estimate of the annual cost of energy use for the appliance. That number is based on
an assumed electricity price that is considerably lower than that of Guam. If consumers are to
use the labels to make a purchase decision, it is important that the numbers relate to the real cost
of energy, not the lower price on the mainland. Therefore, a program to inform the public of the
estimated cost of appliance operation based on GPA prices is important. Actions could include
replacement of existing labels with special labels for Guam, provision of another label explaining
the higher cost in Guam, issuance of brochures to GPA customers when bills are paid, or other
public information processes. The decision to purchase on the basis of energy efficiency will be
more likely if people are aware that the actual benefits of purchasing a higher efficiency unit will
be considerably greater than the amount shown on the standard label.

3.14.6. Energy Audits, Performance Contracts

Both the GPA and the GEO have performed or sponsored audits in the commercial,
governmental, and industrial sectors. Most of the audits have not been followed up to see what
actual effects they have had on energy efficiency. In the Pacific region, the experience has been
that audits alone have not had a strong effect on energy efficiency investments. A lack of
confidence in the estimates of cost savings provided by the auditors, lack of acceptable finance
packages that keep payments at a level consistent with energy savings, inadequate technical
capacity by recipients to specify and purchase needed equipment, and concerns about long-term
maintenance of the initial energy saving investment are all factors that limit the implementations
that result from energy audits. To improve the response of energy customers to necessary energy
efficiency investment, specialist Energy Service Companies (ESCOs) have evolved to provide
the full gamut of technical, financial, and maintenance service needed to reduce the perception of
risk associated with the investment.

The overall Guam energy use appears large enough to support a full-service, full-time ESCO.
With much of the energy use by the military, however, the entire Guam energy market is not
necessarily accessible for ESCO activity. The GEO should work with the GPA to implement an
energy efficiency market survey of the tourist industry, commercial businesses, and Government.
Contact should also be made with military authorities to determine the possibility of a local
ESCO providing energy efficiency services to military facilities on Guam. The results of the
survey could then be provided to architectural/engineering firms on Guam through a workshop
or publication to encourage the formation of a local, full-service ESCO. If there is an
insufficient market for forming an ESCO locally, contact should be made with ESCOs in Hawaii
and possibly the Philippines for them to work with local architectural/engineering company
partners to service Guam’s energy efficiency improvement needs.

3.14.7. Transportation Sector

There are two main public transport sectors: that dedicated to tourism, and that for local
residents. The tourism transport sector operates mainly in the airport and Tumon Bay area with
buses handling tour groups—mostly from Asia—who almost all arrive by air. Taxis and rental
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cars are available for the visitors who are not part of a group. The primary tourist area, Tumon
Bay, is compact in size and is easily covered on foot. Buses, vans, and rental cars are used by
tourists for visiting areas away from Tumon Bay.

Local resident public transport is principally a scheduled bus service with routes connecting most
major residential areas to urban work areas. There are taxis available on call and at major
shopping malls.

Fuel prices on Guam are substantially higher than the mainland United States, and that provides
pressure to improve transport fuel efficiency over the long term. But in the short term, the recent
rise in fuel price has mainly reduced vehicle use, particularly by lower income families.

The principal goal of the future needs to be an increase of the average private vehicle transport
efficiency on Guam. Programs and policies to achieve this can focus on 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. The higher fuel prices give both program 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
several programs.

e Encourage and assist car pooling through public information programs and car pool hot
lines

e Arrange Park and Ride, where commuters can drive their private vehicle short distances
on rural roads to a public parking area and then either use the rural parking lot as a
transfer point for car pooling or take public mass transport into the urban work area

o Establish zoning and incentives to encourage the development of small neighborhood
shopping areas to reduce travel to urban areas for family shopping

o Provide 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 poor 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 United States, although they are common in most Asian and European
countries. Some European and Japanese manufacturers have announced plans to once again
import diesel powered cars to the United States market to take advantage of the need for better
fuel efficiency. When diesel cars are readily available in Guam, providing incentives to shift car
ownership from gasoline to diesel power could, over time, greatly improve the average fuel
efficiency of private transport. Today, introducing differential taxation on fuels by raising the
tax on gasoline and lowering it on diesel fuel, causing there to be 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
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of lower efficiency private vehicles have also been effective in some Pacific islands to
discourage their purchase. For the future, should hybrid cars become readily available, Guam
could provide a financial incentive on top of existing Federal incentives for their purchase.

3.15. RENEWABLE ENERGY

3.15.1. Solar

The solar resource is very good, as indicated by the estimates in Table 3-1, that are based on
satellite measurements. The island mass and mountains of Guam do cause the formation of
localized clouds that are not well accounted for in the roughly 70-mile square that is the
measurement area of the satellite. If a large scale PV power plant is to be constructed, ground
based measurements of insolation at the plant site should be made for at least a year, and those
used for design purposes.

Table 3-14-Estimated solar resource for Guam (Lat 12°N Long 145°E) kWh/m? per da
Voni ] dan- | Feb. | Mar | Apr | May | dun ] ul -] Aug | Sep | Oct | Nov | Dec | AvG. |
Horizontal | 5.52 | 6.18 | 6.74 | 6.96 | 6.87 | 6.14 | 5.83 | 5.22 | 5.48 | 5.26 | 5.08 | 5.11 | 5.86

Tilted 7.10 | 7.26 | 7.07 | 643 | 6.98 | 6.43 | 6.02 | 5.09 | 550 | 5.88 | 6.28 | 6.70 | 6.39
Source-NASA Surface Meteorology and Solar Energy

Solar thermal for electric generation

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

Solar thermal for water heating

The GEO has supported solar water heating in schools and has had several demonstration
projects, including a solar water heater at the GEO building.

Statistics on the penetration of solar water heating into the water heating market could not be
located but it is modest. With around 86 percent of Guam homes having piped hot water, the
opportunity for replacing electric and gas water heaters with solar is large.

Recommendations

Given the large number of Guam households using inefficient electric water heaters, the GPA
should consider a program to provide solar water heating on a fee for service (sometimes called a
Renewable Energy Service Company (RESCO)) basis such as is being tried in the Caribbean.
Under that concept, the GPA would purchase and install solar water heaters, then charge
recipient households a fixed monthly fee for their use, effectively renting the systems to
customers. With a bulk purchase of solar water heaters and a well trained, full-time installation
team, the cost of the installations should be significantly reduced from the present cost and a
payback time of 4-6 years should be achievable when compared to the cost of operating tank-
type electric water heaters. With a service life of around 10 years, the profitability of the solar
units could well be higher than the profits from electricity sales for water heating over the same
period. A variation of the RESCO approach is to provide the solar water heaters as a lease to
own arrangement, whereby the payments are basically time payments toward the ultimate
purchase of the solar water heater by the customer.
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Government incentives for households and commercial building operators to install solar hot
water have had a good effect on other Pacific islands and the mainland United States. The
amount of the incentive varies from place to place, but apparently does not have to be more than
10-15 percent to significantly increase the rate of solar water heater adoption if the incentive is
well publicized. The GEO should examine the various solar water heater installation incentive
programs of U.S. States and of other Pacific islands and prepare an updated incentive package
appropriate for Guam to be submitted to the Government for consideration.

For large tourist hotels, solar water heating may not be the best option due to the large area
needed for solar panels. For smaller tourist hotels however, solar water heating can provide
substantial savings in electricity use and should be considered. Also laundries, sports complexes,
apartment buildings, and restaurants are likely to benefit from the replacement of electric water
heating by solar. The GEO should survey the 100 room and smaller range hotels, as well as
other types of commercial users of hot water. The GEO or the GPA can then and work with
solar water heater suppliers and local banks to develop a finance and installation program to
replace electric water heaters with solar at those sites where it is economically reasonable. A
GPA fee-for-service approach can also be considered for commercial users.

Solar photovoltaics

Past programs

PV projects over the past 20 years have mainly been small scale demonstrations by the GEO
intended to illustrate solar power for schools and the general public. With no unelectrified rural
areas or populated outer islands, Guam has not had much opportunity to use the small scale, off-
grid electricity systems that are the most cost-effective use for solar PV. The local
telecommunications company also has not needed to make use of solar PV.

Currently operational projects

Two solar PV installations that provide significant power are known to be present on Guam.
One if them is an installation in a private home whose owner has chosen to become independent
of the grid by installing solar PV and a small wind turbine to charge batteries and, through an
inverter, power the home.
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The second is an off-grid installation at the administration and research building at the Guam
National Wildlife Refuge of the U.S. Fish and Wildlife Services. Located at the extreme
northern end of Guam, it has no grid connection and uses a diesel generator as its primary power
source during working hours. On weekends and at night when the air-conditioning is not
required and most office equipment is turned off, the facility operates from power supplied by
about 8 kWp of roof mounted PV panels charging a large 48 V, lead-acid battery bank. A 5 kW
inverter provides the AC power to the building from the battery bank. Initially about 4 kWp of
panels were installed but that proved insufficient in capacity and even with 8 kWp, sometimes
available power is insufficient and the generator has to start. A smaller but similarly designed
system is installed on a nearby, small visitor center building to provide power when the generator
is not operating and supplying power from the main building. Both systems were sold and
installed by the Guam solar system supplier, and therefore maintenance is locally available when
needed.

Plans and recommendations

To help promote the use of renewable energy for power generation and to increase the
percentage of generation fed into the GPA system that is renewable energy based, true net
metering (where the meter runs forward when energy is coming from the grid and backward
when energy is being fed into the grid) should be established for household-type, grid-connected,
solar PV systems smaller than 10 kWp of solar capacity.

The use of privately owned solar PV for households and commercial buildings connected to the
grid can provide a means of reducing both the daytime peak and 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
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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, or ecologically friendly, energy was
then folded into the price of energy to all utility consumers effectively taxing all 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
with 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 utilities 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.
Although that argument is at least partially correct on an individual household basis, 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. Instead, they 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 the 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 with hundreds of PV system 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 Guam) the technical result
will be only a reduction in the fuel requirement for generation and slightly lowered loading (and
therefore lower energy losses) of the distribution systems that include houses with 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, thereby making the PV energy much lower in cost for the end user. With net
metering, during the day, a grid connected PV installation first delivers the household its energy
needs, and 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 daytime
peak power requirement for GPA 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 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 rooftop PV system. 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 GPA energy; it is just greatly reduced.
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On the other hand, the GPA cannot accept more than about 20 percent of the midday 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. So 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 grid connected household installations), then the energy from the solar would just
about offset the energy needed in the household for basic household use but could not cover
large loads like cooking or air-conditioning. Therefore, for Guam, the GPA need not be
concerned until the input from solar exceeds about 20 percent of the relatively low Sunday
midday peak, which would imply that the number of households that can have grid-connected
solar PV should probably be initially limited to around 2,000 homes. With experience, that
number probably can be safely increased. What has been done in some project areas 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 based generation, it is also good for marketing, as it makes the installation of solar PV
appear exclusive to the select few. The Sacramento Municipal Utility District (SMUD)
household solar program should be examined as an example of a marketing and institutional
approach that could make sense for Guam.

For private installations larger than 10kW (unlikely at present prices), individual IPP contracts
could be negotiated.

Once net metering for residential solar PV is established, a marketing program should be
initiated as a cooperative effort of the GPA, the GEO and local solar suppliers to encourage well-
to-do, environmentally green home owners to install from 3-5 kWp of solar PV on their homes.
A small financial incentive from the Government or the GPA should be included since that
indicates support for the concept and provides an additional justification for the installation of
the PV even though the actual amount of the incentive is small relative to the system cost.

To gain experience and confidence in the technology, the GPA should immediately install
several of these household sized units on the roof of its facilities for careful monitoring and
technical evaluation. As noted above, the experience of the SMUD in installing and managing
this type of installation should be called upon when embarking on a program of this type.

3.15.2. Wind

There has been interest in developing the wind resource of Guam for power generation for over
30 years. In 1976, the top of Mount Jumullong-Manglo, a 1,050-foot peak in south-central
Guam, was the site of a brief, low-cost wind study done by a professor at the University of Guam
for the GEO. At the same time there was also a short series of wind measurements by the same
researcher on Mt. Alutom in central Guam for correlation purposes. The readings were manual,
poorly documented, very short term, and not useful for more than indicating that the wind energy
on the mountaintop was somewhat higher than that at the much lower elevation NOAA station
by the airport.

In the early 1980s, an area called the Windward Hill Cotal Reserve area (in the Tarzan/Ylig
River drainage area) was considered as a possible site for a wind farm, and an environmental
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assessment was commissioned. The assessment indicated little environmental disruption would
result if the project were carried out properly, but in the end the concept was abandoned.

In the early 1980s, the USDOE Small Scale Appropriate Technology Grants Program funded the
installation of a 1,000 W wind generator at a remote site on Guam. The system was installed to
help determine the practicality of wind power for off-grid use. Data was collected for slightly
more than a year and generally confirmed that a wind resource sufficient for useful power
production does exist on Guam.

Despite the several low cost, short-term assessments that indicated the availability of a wind
resource, no comprehensive study of the Guam wind resource has been made. As can be seen in
Table 3-16, showing average wind speeds estimated from satellite data for the oceanic area that
includes Guam, the island has a somewhat seasonal wind resource that is likely to be
economically developable in terms of average energy content. The on-site measurements at high
elevations on Guam have a similar pattern but somewhat higher wind speeds. The problem
Guam faces is not lack of resource, but that it has one of the highest risks of typhoon passage of
the Pacific islands.

Table 3-15-Average Guam Wind Speed at 50m (m/s

Month .
10yr. Avg. | 8.77 | 815 | 8.36 | 753 | 597 | 570 | 495 | 520 | 523 | 559 |7.39 |8.07 |6.73

Source-NASA Surface Meteorology and Solar Energy Latitude 12°N, Longitude 145°E

The substantial cost of typhoon risk mitigation has to be included in the cost of wind power
production. Tilt-down type wind machines, such as are being used in the 10 MW Butoni wind
farm in Fiji and also in smaller wind farms in New Caledonia, may offer a solution, although
their individual size cannot be much over 250kW or lowering them becomes too difficult. Wind
generators specially engineered to withstand the extraordinary wind forces of typhoons could be
constructed at substantially increased costs and still would not be risk-free, since flying debris
can be a cause of damage as well as wind forces.

A prefeasibility study of the economic viability of wind power for supplementing the GPA grid
should be carried out, specifically including the cost of risk mitigation for typhoon damage. If
the results indicate that reasonable economic benefits are likely, then a full resource survey
should proceed, including on-site measurements and development of a wind map of Guam to
assist in locating the prime areas for wind farms.

3.15.3. Hydro

Past surveys have indicated there are no economically developable hydrological sites on Guam.
However, in the light of increased generation cost, earlier survey cost assumptions should be
updated and the economic analysis revised. If any sites do appear to be reasonable for
development, a more thorough survey should be carried out that includes investigation of issues
concerning land availability and environmental suitability, as well as technology and economics.
If a site is determined to be cost-effective for development, even if small, it should proceed since
fuel savings are to be achieved.

Pumped storage is a technical possibility, given the presence of low mountains in the interior, but
it does not appear to be an economically reasonable option. The differential cost of peaking
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power and base load power is not great enough. Should large scale wind generation be found to
be practical and if the electricity from the wind turbines is sufficiently cheap, pumped storage
may be an option to allow wind generation to provide a higher percentage of total generation
than would be practical without energy storage, but fresh water availability on Guam may be a
limiting factor.

3.15.4. Ocean thermal

Ocean conditions and ocean floor slopes are favorable for ocean thermal energy technologies
(OTEC). A bathythermic survey was carried out in 1989 that looked very promising.
Unfortunately, power generation using ocean thermal energy is not yet technically or
commercially proven at the multimegawatt levels that would make economic sense for Guam.
To date there have been no commercial scale installations, and the technology cannot be
recommended for consideration by Guam until plants greater than 1 MW in capacity are both
commercially proven and can demonstrate the provision of energy reliably at an acceptable cost.

Sea water air-conditioning is, however, a much less complex technology than OTEC and is being
considered by the GPA as a possible use of renewable energy for the Tumon Bay high rise hotel
area. The concept is to draw water from deep in the sea—even in tropical climates the sea water
at 2,000 feet and deeper is only a few degrees above freezing—and using heat exchangers,
deliver chilled water to hotels and businesses for air-conditioning.

The many high rise hotels of Tumon Bay are arranged intermixed with many high end tourist
shops in a quite small area, all requiring air-conditioning. Tumon Bay itself drops off very
quickly, and the 2,000-foot level can be reached within a couple of miles of the beach. The main
problem with the site is the added cost of risk mitigation due to the heavy wave action that can
accompany a typhoon. This is not impossible from a design standpoint, but could add
substantially to the installation cost, since the large intake and return pipes would need protection
until deep enough to be clear of the large forces accompanying the wave action of a typhoon.

The process has been used in several sites around the world. Toronto draws its drinking water
from cold Lake Ontario, and heat exchangers, placed in the path of the fast flowing water going
to the city’s treatment plant, transfer the chill to a water loop that circulates to downtown
buildings for air-conditioning. Cornell University introduced a 42 inch plastic pipe 2 miles into
cold Cayuga Lake to a 250-foot depth, and uses the cold water for air-conditioning that is much
less costly than electric powered refrigeration. A twin tower office building in Nova Scotia takes
in sea water from near the surface where it is cold enough for 10%2 months of the year to be used
for air-conditioning. Icy cold water from the Baltic Sea is used for air-conditioning in Sweden.

What has not yet been done is large scale air-conditioning in the tropics from a deep water inlet.
A deep water inlet in Hawaii was built in the 1990s for testing OTEC concepts, and that is the
primary engineering model for the GPA approach. Other SWAC proposals have been made for
Hawaii (multiple hotels and offices in Honolulu) and Bora Bora in French Polynesia (one hotel
only) that do utilize deep water from tropical oceans, but none have yet been constructed.
Neither the Hawaii nor the Bora Bora proposals have to include hardening against typhoon
damage.
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The Tumon Bay area has long been recognized as a very good tropical SWAC site. In 1991, an
application for a Tumon Bay SWAC study was sent by the GEO to the USDOE requesting about
$150,000 in funding under the Territorial Assistance Program, Special Energy Projects, Phase
111, but the funding was denied.

This project is easily the largest opportunity for renewable energy use in Guam and promises to
offset millions of gallons of fuel imports. Funding assistance for a feasibility study and
engineering design is being sought by GPA.

3.15.5. Tidal

No opportunity for the development of tidal power that is likely to be economically developable
is known for Guam. The tidal range is small, and there is no lagoon area that exchanges a large
enough tidal volume with the open sea.

3.15.6. Biogas

The primary value of biogas digesters for island use has been for treatment of animal waste at
large commercial piggeries, dairies, or poultry farms to reduce environmental damage. Biogas is
considered a useful byproduct, not the main reason for making investments. 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. The GEO should continue its efforts to
interest local animal facility owners to invest in biogas digesters. The GEO should facilitate
contact for those farmers with commercial suppliers of biogas equipment and assist the farm in
locating finance for the installation. The GEO could also bring all the commercial animal and
poultry farms together to work out a group purchase and installation process, making the
individual cost lower, since both shipping of equipment and installation supervision by suppliers
will be more cost-effective if more installations are made at one time.

Biogas is also a possible byproduct of sewage processing and sufficient biogas can be generated
to at least offset the considerable power requirement of the sewage treatment plant. The existing
sewage treatment facilities should be considered for retrofitting with biogas digesters, and when
new plants are proposed, biogas digestion should be included in the feasibility study.

3.15.7. 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 on Guam, then waste products from biofuel processing may be reasonable to
burn or gasify for process heat and electrical power production. 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, the amount of agricultural land that
is available on Guam, and the difficulty in obtaining water to support fast growing crops, such
energy farms are not likely to be the best use of the limited land resource.

3.15.8. Biofuel

Presently, there are no commercially useful biofuel crops being grown in Guam. Coconut
plantations were created during German colonization; after WWI, the Japanese cleared out the
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coconut trees for sugar farms. At one point, sugar was a major export: Guam sugar accounted
for 65 percent of crop exports in all Micronesia. After WWII, the local interest in sugar farming
lowered, and sugar has not been a commercial crop in Guam for over half a century.

To return to either sugar or coconut production for biofuel would require a large investment in

land, labor, and facilities to develop a large enough biofuel capacity to have significant impact

on imported fuel use. That is not likely to be justified until a substantially higher cost of fuel is
the norm.

3.15.9. Geothermal

There is no known geothermal resource on Guam and no surface manifestations of geothermal
energy such as hot springs. However, the high power demand on Guam and its location in a
generally volcanically active region makes it reasonable to invest in a basic geothermal resource
survey. To make the most efficient use of any available funds, the survey should be
cooperatively developed between CNMI and Guam, since CNMI also has a large enough power
system to possibly justify an investment in geothermal exploration and development if a readily
accessible resource is present

3.15.10. Wave

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

4.1. 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 (population, 52,838), St. John (population, 4,333), located 3
miles east of St. Thomas, and St. Croix (population, 54,967), located 40 miles to the 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 United States, located on St. Croix, furnishes 90
percent 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 provide 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 backup diesel generator. The St. Thomas
electric plant has 199 MW of installed capacity, and the St. Croix plant has 120.8 MW of
installed capacity. Peak electric load in St. Thomas/St. John was 86.3 MW, 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 percent. 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 percent 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

59



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 percent 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 the St. Thomas and St. Croix plants, which capture
exhaust heat from the combustion turbines for use in the steam turbines or the desalination
plants. This arrangement offers efficiency benefits of cogeneration while providing the
necessary steam requirements for potable water production for each island’s population,
business, and public facilities. 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 percent, which reflects the total energy requirements for electric generation and water
production or an operating mode of continuity and reliability requirements.

Other types of generating technologies, such as large slow speed diesel engines have efficiencies
in the range of 39 percent as has been brought to the Authority’s attention by the Public Service
Commission (PSC). The PSC, which has 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 has recently completed a comprehensive generation evaluation and
planning study that considered diesel generation along with other generation options. The study
concluded that diesel generation was not the best alternative to meet the long-term needs for the
Authority and its customers, considering the capital cost and the associated financing
replacement requirements for diesel generation, 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 nitrogen oxide
(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 that recommendation of this recent study.

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, whichever is less. The Authority paid $70 per barrel
for fuel in mid-2006. Currently 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 its 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
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per 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 the power factor on the distribution lines and installs
capacitors as necessary.

The electric rates in the Virgin Islands range from 31-34 cents per kilowatt-hour. 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. If legally possible, this
opportunity should be explored, since it seems feasible that the HOVENSA Qil 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 Authority’s 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 assessed electricity rates in the islands. The high rate improves energy efficiency but
does put a burden on low-income households. However, that burdenis somewhat relieved by the
Department of Human Services through the Low Income Home Energy Assistance Program
(LIHEAP), which provides direct financial assistance for electric bills to low income families.
Although 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.
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Household Energy Efficiency Measures

The average household electricity use is approximately 500 kWh per month. Programs by VIEO
and WAPA to upgrade household lighting with CFLs replacing incandescent lights need to be
continued. Over 50 percent 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 one-third of the USVI households cook with electricity. WAPA, the VIEO, and the local
LPG distributor should 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 with financing for 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 consists of 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, although 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, although
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 United States mainland electricity price is assumed for the
labels. The recommendation is to use an overlay label or other method of informing consumers
that the cost estimation on the label is about one-fourth the actual cost in the USVI.

Government purchases are subject to energy efficiency standards, although they are not well
enforced. 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.
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Energy Audits, Performance Contracts

The VIEO should 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 volume to form an ESCO locally, contact should be made with ESCOs on the mainland
which 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, although 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,
although there is some variation from place to place due to island microclimates 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 transfer 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.
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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, although they have been installed in significant numbers. The
VIEO has shown through monitoring programs that even with a $3,000 installation cost, payback
on the order of 4-7 years is likely.

WAPA should 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 in locating financial assistance 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, WAPA should 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 nighttime use adds greatly to the
system cost. With net metering, the PV system feeds surplus energy into the grid and helps
offset the midday load peak; then, at night, the house load draws that banked energy back from
the grid as needed. For household grid-connected PVs, 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 percent of the midday load can be covered by solar under full sun conditions. That
level of solar PV input is unlikely unless PV prices fall or energy prices rise substantially.
WAPA should install several 4-5 kWp 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, backup power system. The installations are technically grid-connected
but do not deliver 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. WAPA should consider the Sacramento Municipal Utility District
(SMUD) model for structuring a rooftop 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 for all locations in the territory. In 2006,
WAPA accepted a tender by a Missouri company to install a wind farm on St. Croix, but the
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negotiations fell through, apparently because an agreement could not be reached regarding
hurricane risk assignment.

Analysis of the considerable data available indicates that there is an economically developable
wind resource, but the risk of hurricane damage to wind farms has not been included in the
analysis. There should 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 potential funding.

Hydro
There are no economically developable hydrological 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. However, the
VIEO should continue their studies regarding the possibility of biofuel production.

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. The VIEO should continue
its efforts to interest local animal and poultry farm owners in investing in biogas digesters. The
VIEO could 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.
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Ocean Energy

Given that an ocean energy system comparable to the size possible in the Virgin Islands has not
yet been implemented, no ocean energy source is recommended for use in the USVI at this time,
although the progress of commercial development of OTEC, wave energy, and tidal flow energy
should be followed closely, and if energy conversion devices are commercially demonstrated
that can operate under the USVI conditions—including the risk of hurricane passage—they
should be considered for power generation.

4.2. 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.

4.2.1. Location, Population and Geography
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slight outmigration to the United States 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.

4.2.2. 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 percent of the land mass of St. Thomas, 61
percent of the land mass of St. John, and 10 percent 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 important locations 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.

4.2.3. Island Geology

The Virgin Islands are volcanic islands, part of a submarine 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 VVenezuela. 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
submarine ridges and peaks to the surface. Periods of explosive volcanism alternating with
centuries of coral reef deposits, changing sea level, and the further intrusion of basalt created the
formations seen in the Virgin Islands at the present time.

The first stages of island development took place under water. 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 to form a dark-colored limestone.

4.2.4. Climate and Environmental Hazards

The climate of the U.S. Virgin Islands can be characterized as subtropical, tempered by easterly
trade winds, with relatively low humidity, and little seasonal temperature variation. The rainy

67



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 percent humidity with constant
easterly trade winds creates 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.

4.2.5. Energy Sources

The Virgin Islands are almost exclusively dependent on petroleum for their energy requirements.
Approximately 68 percent 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 Qil refinery currently accounts for providing over 90 percent 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 heaters. 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
immediate impact 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.
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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.

4.2.6. 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 percent 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 percent of the energy needs. Gasoline consumption
historically has represented approximately 7.0 percent 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 percent of total energy consumption. Aviation fuel use historically
represented about 4 percent of the energy usage.

4.3.HISTORY, POLITICAL DEVELOPMENT AND PRESENT STATUS

4.3.1. 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 has both prospered and suffered
throughout its history. 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. Although Spain claimed most of the Caribbean islands through Columbus’ explorations,
it 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,
treasureseekers, 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 18" 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, the U.S. Virgin
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Islands retain the Danish land survey, which constitutes the legal description of the property
rights; all plots or parcels of land are described by the owner.

4.3.2. 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.

4.3.3. 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.

4.3.4. 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 nonvoting delegate to the U.S. House of Representatives. Policy
relations between the Virgin Islands and the United States 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 coequal 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 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 are from St. Croix,
and one is from St. John. Judicial power is vested in the Virgin Islands Territorial Court and
District Court under the 3" Circuit in the U.S. Federal Court System. The Territorial Court
judges are appointed by the Governor for 10 year terms.
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4.3.5. United States Involvement

As a territory of the United States, there is substantial involvement by the United States in the
Virgin Islands. The islands are subjected to all of the laws, regulations, and benefits generally
applicable to the States of the United States. 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.

4.3.6. 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.

4.4, POPULATION, EMPLOYMENT & WAGES

4.4.1. 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 percent.
There were 23,566 students in grades K through 12, which was a 2.3 percent reduction from
2004. There were 323 graduates of the University of the U.S. Virgin Islands in 2005.

4.4.2. Employment and Job Market

The nonagricultural work force in the U.S. Virgin Islands in 2005 was 42,833, a 0.7 percent
increase over 2004. The private sector represented 30,514 jobs and the territorial government
represented for 11,445, jobs with the remainder in other various sector jobs.

4.4.3. 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
percent to 70 percent of GDP and employment.

4.4.4. 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 percent between
2004 and 2005.

4.45. General Business & Commercial Income
Specific information was unavailable for business and commercial income.

71



4.4.6. 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.

4.5.ISLAND ECONOMY AND INFRASTRUCTURE

4.5.1. 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 continues 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 U.S.
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.

4.5.2. 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.

4.5.3. 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
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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 percent) 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 a General Manager, who is responsible for all employment and other matters
of the Authority. Nonsupervisory employees are represented by the Virgin Islands Employees

Union. There are approximately 500 employees in the electric utility and 100 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
standby power. Water Island and Ressel Island, each located one-half mile off the southern coast
of St. Thomas, are also served by an 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.

4.5.4. Water and Wastewater Systems

Water Production Facilities

The Authority operates eight Multi-Effect Distillation (MED) desalination units to produce
potable water. Four MED desalmatlon units are located at the Randolph E. Harley Generating

3 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
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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 percent 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 Department. 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 percent 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.

4.5.5. Transportation

The chief mode of transportation in the Virgin Islands is the use of private vehicles, 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 1 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 intraisland service.

4.5.6. 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
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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 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.

4.5.7. 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 providing 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.

4.5.8. Communication System

The telephone, both land and cell-based, cable television, and internet services are provided by
Innovative Communication Corporation. 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.
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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, the 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.

4.5.9. Tourism Industry
In 2005 there were 2,605,000 visitors to the U.S. Virgin Islands, a decline from 2004 of 0.6
percent. 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 percent over 2004. Income
from visitors was $1,495 million, a 10.1 percent increase from 2004, with income from
excursionists being $863 million, a 9.4 percent increase, and income from tourists of $629
million, an 11.1 percent increase over 2004.

4.5.10. 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
8 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,
which 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 breeders on St. Croix have developed
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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.

4.5.11. 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.

4.5.12. 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 United States to the Virgin
Islands in recent years. However, abuses of the regulations have resulted in a slowdown 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 United
States mainland.

4.5.13. 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.

4.5.14. Agriculture

Agriculture is limited in the islands due to the less than favorable terrain and 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.

4.5.15. Aquaculture, Fisheries

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

4.6.ECONOMIC DEVELOPMENT PLANS AND PROJECTS

4.6.1. 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 percent 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
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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 percent 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.

4.6.2. 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 under way for additional infrastructure. There
have also been recent additions to the dock facilities at St. Croix.

4.6.3. 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.

4.6.4. 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.

4.6.5. 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.

4.6.6. Import—Export and Balance of Payments
Exports for 2004 were $7,907 million and imports were $7,547 million.

4.7.STATUS OF ENERGY SYSTEMS

4.7.1. 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
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purposes. The major energy intensive industry in the U.S. Virgin Islands is the HOVENSA Qil
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 percent of their fuel energy goes toward the generation
of electrical power and the remaining 10 percent 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.

4.7.2. 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 three underwater cables. The installed capacity on St. Thomas is about 199 MW
and on St. Croix about 120.8 MW. The capacity for some units is derated as steam and is
extracted for water desalination purposes. The peak loads are 86.3 MW for St. Thomas and

55.5 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 the generating facilities
of St. Thomas is approximately 99.9880 percent and St. Croix is 99.9962 percent.
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Electricity costs are high by United States mainland standards—31 to 34 cents per kilowatt hour
at $74 per barrel of oil. Seventy 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 barrel, 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 40-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, 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 kVcable 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.

Substation at St. Croix

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 subtransmission 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 subtransmission
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
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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 accountable at
between 8 percent and 9 percent. 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 percent on a system of the
size and density of the St. Thomas and St. Croix system are slightly high but not unusual. Many
utilities will experience losses in the range of 5.5 percent to 6.5 percent 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.  Gross Elec. STT-SJ St. Croix Elec. Elec.
Demand Demand (Average (Average Production  Production
STT-SJ St. Croix Load MW) Load MW) STT-SJ St. Croix
(MW) (MW) (MWH) (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 62.7 411 548,619 359,941

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 kilowatt-hour but vary from
$0.31646 per kilowatt-hour for residential, $0.34473 per kilowatt-hour for commercial, and
$0.34134 per kilowatt-hour 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 barrel fuel costs, is $0.234026 per kilowatt-hour. 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 and changes in the methodology of
calculating the LEAC, plus any surcharges to be placed on the electric rates. In the past the PSC
has limited some pass-through fuel charges, resulting in the Authority not being able to recover
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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, 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 notable was the breadth and depth of knowledge by planning and operational
managers, and supervisory personnel when contacted with questions 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 startup 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 nonbase 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 $35-40 per barrel. However, as
the price of fuel increases, some of the lower maintenance costs, higher reliability, longer life,
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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 primarily to 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 load 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
percent (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 kilowatt-
hour) whereas a large diesel engine, if operated at its optimal load of 70-85 percent of nameplate
rating, can have efficiency ratios in the range of 38 percent (8,900 Btu per kilowatt-hour). If fuel
costs continue to rise, additional analysis will be necessary to determine whether 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.

4.7.3. 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
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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 existing generating facilities on St. Croix are 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
Year Installed
20.7 MW Steam—#6 Oil___| 1068
St. Thomas 36.0 MW Steam—#6 Oil 1974
15.1 MW Gas Turb. #2 Oil__| 1970
St. Thomas 13.0 MW Gas Turb. #2 Oil 1972
222 MW Gas Turb. #2 0il _| 1081
St. Thomas 24.3 MW Gas Turb. #2 Oil | 1993
St. Thomas 24.0 MW Gas Turb. #2 Oil | 2001
393 MW Gas Turb. #2 Oil__| 2004
10.0 MW Steam #6 oil 1968
19.6 MW Steam #6 oil 1974
24.5 MW Comb.Turb.#20il | 1081
245 MW Comb.Turb #20il _| 1988
24.5 MW Comb.Turb.#20il | 1994
St. Croix #20 24.5 MW Comb.Turb.#20il | 1994
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%
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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. Cr0|x 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 ongoing 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.

4.7.4. 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 MWHh 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 Qil Virgin Islands
Corporation (HOVIC), an affiliate of the Amerada Hess Corporation, which operated a
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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 United States 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 (1,000 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
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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 1,000 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 1,000 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 percent or 7.0 percent sulfur (approximately $10.27/MMBtu). The
delivered cost of No. 2 fuel oil in December 2005 was also $63.53 per barrel for 0.2 percent
sulfur (approximately $10.95/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 worldwide 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 United States markets is in excess of $65 per
barrel, approximately $10.51/MMBtu, and the cost of low sulfur No. 2 fuel oil is in excess of
$100 per barrel (approximately $17.24/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.

4.8.ELECTRIC PRODUCTION AND USE

4.8.1. Existing Renewable & Alternative Power Production

The U.S. Virgin Islands have many rooftop 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.
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4.9.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
I with its headquarters in New York. They are also subject to additional environmental
regulations. Like the Pacific Island Territories, the U.S. Virgin Islands have the ability to
petition EPA under Section 325 of the Federal Clean Air Act for waivers of some Federal
pollution control requirements under the Federal Clean Air Act. Such waivers are available only
if it can be demonstrated to the EPA Administrator’s satisfaction that compliance with certain
requirements is not feasible or is unreasonable due to unique geographical, meteorological,
economic, or other local factors in the Virgin Islands. Several years ago, the Authority was
granted a Section 325 waiver from a procedural requirement related to the timing of a permit
application, and currently has pending a request for relief from certain emission monitoring
provisions. However, Section 325 does not authorize waivers of any requirements related to
compliance with ambient air quality standards. The Authority experiences difficulty in meeting
Environmental Air Quality standards at the present time due to the higher nitrogen content of the
HOVENSA fuel, and is limited in its options with respect to the potential use of potentially more
efficient diesel power generation due to the mandatory Federal ambient air quality standards for
nitrogen oxides.

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.

4.10. TRANSPORTATION

4.10.1. Fuel Use
There was no information on transportation fuel use available.

4.10.2. Fuel Types and Costs
There was no information on transportation fuel types and costs available.

4.10.3. 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
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on the back of pickup trucks that carry upwards of 20 people is one of the more efficient
systems. 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.

4.11. COMMERCIAL & INDUSTRIAL

4.11.1. Tourism

The tourism industry is not an industry in which 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 practice minimizing the use of fossil fuel in their efforts to maximize profits in their
respective operations.

4.11.2. Manufacturing
There is limited energy intensive manufacturing in the U.S. Virgin Islands, except the Hovenza
Oil Refiner. Therefore, there are no significant opportunities 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 reduce the use of fossil fuels.

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

4.11.4. 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.

4.12. ALTERNATIVE ENERGY OPPORTUNITIES

4.12.1. Cogeneration

Existing cogeneration

The Virgin Islands presently has made use of only limited cogeneration opportunities, which
include the 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
Several opportunities may be possible.

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
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refinery and by contract terms with the U.S. Virgin Islands Government is 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 syste