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Abstract

On March 1, 2010, Assistant Secretary Tony Babauta from the Department of Interior’s (DOI) Office of
Insular Affairs (OIA), invited Governors Felix Camacho (Guam), Benigno Fitial (Commonwealth of the
Northern Mariana Islands), and Togiola Tulafono (American Samoa) and their staff to meet with Senior
Principals at the National Renewable Energy Laboratory (NREL) for discussions on ways to improve
energy efficiency and increase the deployment of renewable energy technologies in the U.S. Pacific
Territories. This meeting brought together major stakeholders to learn and understand the importance of
developing a comprehensive strategic plan for implementing energy efficiency measures and renewable
energy technologies.

For several generations, dependence on fossil fuels and the burden of oil prices have been a major
concern. The urgency has never been more prevelant than today. With unstable oil prices, the volatility
of supply and future military build-up plans on Guam, energy issues have become a high priority for the
island. Succinctly, energy security is critical to Guam’s future economic development and sustainability.

Under an interagency agreement, funded by OIA, NREL was tasked to deliver technical assistance to the
island of Guam by conducting an island initial technical assessment that would lay out energy
consumption and production data and establish a baseline. This assessment will be used to conduct
future analysis and studies by NREL that will estimate energy efficiency and renewable energy potential
for the island of Guam.

NREL provided an interdisciplinary team to cover each relevant technical area for energy assessments,
system recovery, and upgrades. Experts in the following disciplines traveled to Guam for on-island site
assessments October 11-15, 2010:

e Integrated Wind-Diesel Generation

e Transmission and Distribution

e Energy Efficiency and Building Technologies

e Solar Technologies

e Biomass and Waste-to-Energy

e Geothermal.

In addition to the above core disciplines, team capabilities also included expertise in program analysis,
project financing, policy, and energy project, planning and Energy Committee facilitation.

The intent was to provide Guam with various scenarios and approaches to deploying cost effective
energy efficiency and renewable energy technologies in a manner that will meet Guam’s energy
objectives. The information compiled in this energy assessment will be used as input in the development
of a strategic plan.



Executive Summary

This document is an initial technical energy assessment for Guam, the first of many steps in developing
a comprehensive energy strategy. The project plan for Guam includes three main objectives:

1. Assist in establishing an Energy Task Force

2. Publish an initial island assessment report to establish a baseline and identify energy efficiency and
renewable energy opportunities

3. Support the Energy Task Force in developing a draft energy strategic plan that will provide Guam
with various scenarios and approaches to deploying cost effective energy efficiency and renewable
energy technologies in a manner that will meet the island’s objectives in reducing dependency on
imported fossil fuels.

This report meets the second objective of establishing a baseline and identifying opportunities. A
baseline gathers various data points to establish a reference against which progress can be measured. It
allows comparison across sectors through trend identification and provides a tool for goal setting and
measuring success of those goals. Before a baseline can be established, a methodology is developed.

The information compiled in this assessment will be used as input in the development of a strategic plan
to meet the third project objective. This process sets the procedures and rationale that underlie the study.

This document summarizes data collected regarding energy production, consumption, and efficiencies,
and discusses renewable energy and energy efficiency technology potential and current barriers and
opportunities. The opportunities highlighted in this report can be used to formulate an energy plan. The
following table highlights current energy efficiency and renewable energy opportunities designating
them a low, medium, or high priority for impact.

Table 1. Energy Efficiency and Renewable Energy Opportunities and Potential Impacts

Opportunity Description Impact Potential

Create a strategic plan to investigate and implement energy efficiency and .

. . : High
renewable energy where technically appropriate and feasible
Increase energy efficiency standards in building codes High
Further development of the Cotal 20 MW wind site with concurrent social Hich
acceptance outreach &
Initiate a cool-roof program Medium - High
Assess the potential for solar hot water heating in different sectors Medium - High
Increase energy awareness through island campaigns Medium - High
Continue to evaluate potential for sea water cooling project Medium
Establish subcommittee to review options for possible modifications to PL 25- .
175 Medium
DOD and GPA continue to work together to evaluate the geothermal potential Medium
Set an energy efficiency standard for island appliances and air conditioning Medium
equipment
Outdoor lighting technology and control improvements Low

Vi



Also within this report is a section that outlines barriers, possible next steps, and potential for technical
assistance. Detailed technical information can be found in the appendices for further reference.
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St
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USDA
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1 Methodology

To clarify the National Renewable Energy Laboratory’s (NREL) team’s understanding of the project,
the approach and background information used for the assessment have been outlined in Sections 1.1
and 1.2.

1.1 Approach

Establishing the parameters of a study provides focus for the assessment team. Certain topic areas, such
as transportation, are considered important to overall energy strategies, however were not considered
within the Guam assessment due to budget constraints and the priority of targeting energy efficiency and
renewable energy technologies.

Each assessment begins with a background study to understand the site demographics and geography.
Human and physical geography impact energy consumption and the success of implementation of
renewable energy projects, therefore this information is essential to the types of recommendations made.

Data collection and researching previous studies allows the assessment team to understand what the
current baseline consumption is and what recommendations have been made in the past. The data
collection process coincides with a site visit to interview stakeholders and survey the options to be
included within the assessment. After the site visit, information is analyzed and opportunities are
identified.

The graphic in Figure 1 illustrates the major components of NREL’s assessment methodology.

Establish study parameters

Study demographic and geo-
political climate

Survey previous reports and
data collections

Site visit to interview
stakeholders, collect data, and
conduct physical survey

Synthesize information and
identify opportunities

Figure 1. Assessment methodology



It is essential to look at the energy picture of Guam holistically. The Department of Defense (DOD) has
considerable representation on-island, accounting for approximately 21% to 22% of Guam’s energy
consumption. With an impending military build-up, concerns surrounding energy use are receiving
increased attention. An extensive understanding of the relationship between Guam’s military
installations and the civilian side of the island is necessary to establish energy efficiency and renewable
energy baselines from a whole island approach. NREL’s assessment team concentrated on baseline
factors that accounted for DOD presence.

This report focuses on island-wide utility generation and consumption patterns, not specific DOD energy
efficiency and renewable energy activities. DOD has its own internal goals for renewable energy and
energy efficiency. As DOD seeks to meet these goals, there may be impacts on the operations and
economics of Guam Power Authority (GPA)—it is important for DOD and GPA to continue to work
together to understand these impacts and seek to develop win-win solutions.

There are many energy efficiency and renewable energy technologies on the market today. Included
within this study’s parameters are mature technologies that are considered prime time and bankable.
There are other technologies that Guam may want to investigate for future study, but for the basis of this
study, technologies included had the following criteria:

e Commercial availability
o Tested and demonstrated
o Carry warranty
o Service and parts available
e Ready for immediate deployment
e Sound investment
¢ Financing available from private sector organizations.

This assessment focuses on clean energy technologies. There is varied opinion on what falls under this
purview. For the purposes of this study, commercial clean energy technologies were identified under the
current NREL portfolio, including wind, solar, biomass, energy efficiency, and geothermal. NREL did
not assess opportunities associated with ocean thermal energy conversion, off-shore wind, marine
hydrokinetic, nuclear, coal, or liquefied natural gas.

This document summarizes data collected regarding energy production, consumption, and efficiencies,
and discusses renewable energy and energy efficiency technology potential and current policy barriers
and opportunities.

1.2 Background

Guam is an island in the North Pacific Ocean (13° north and 144° east). Guam is an unincorporated
territory of the United States under the jurisdiction of the Office of Insular Affairs (OIA). Guam has a
total land area of 544 km” (210 mi®) with 125 km (130 mi) of coastline, making it the largest and
southernmost island in the Mariana Archipelago. Figure 2 provides a basic map of Guam .

! http://coris.noaa.gov/about/eco_essays/guam/geography.html.
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Figure 2. Map of Guam
Source: NOAA

The island is volcanic, has coral reefs, a coralline limestone plateau, which is the source of most of the
island’s fresh water; and cliffs along the coast and mountains in the south of the island (the highest point
is Mount Lamlam at 406 m). Permanent crops cover 18% of the island. Natural hazards include squalls
during the rainy season, typhoons (between June-December), and invasive predators like the brown tree
snake that decimated the local bird population and the Rhinoceros beetle, which is destroying the
coconut palm.

In 2000, the island’s population was 154,805 and the 2010 estimate is 180,865, spread throughout
about 20 villages. In 2000, the five largest villages were Dededo (42,980), Yigo (19,474), Tamuning
(18,012), Mangilao (13,313), and Barrigada (8,652). According to the OIA website, the population in
2010 was 178,000, which is slightly lower than the Central Intelligence Agency estimates of 180,865.
The value of 180,865 is assumed in this report when making any per capita estimates.

% Government of Guam website: http://www.spc.int/prism/country/gu/stats/Census/Census.htm.
3 CIA World Factbook: https://www.cia.gov/library/publications/the-world-factbook/geos/gq.html.
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With the planned military buildup (relocating troops from Okinawa to Guam) these figures are expected
to grow fairly significantly, but are always changing. There are many factors to consider; funding
availability, infrastructure and construction readiness, 2011 earthquake and tsunami in Japan, etc. Table
148 in Appendix C provides additional information provided from the Environmental Impact Statement
(EIS).

The military build-up will impact the electricity consumption and generation needs on Guam. As the
surge of military activity increases, economical impacts are expected. The estimated expected

population is summarized in Error! Reference source not found..’

Table 2. Estimated Additional Military and Associated Population in 2017

Marines Dependents Civilian Temporary | Estimated
moving Employees Workers Cost
from
Okinawa
8,600 ~9,000 6,000 ~20,000 3 1 O.'27
billion

Cultural dynamics often impact energy consumption as well. Guam is rich with diversity; ethnic groups
include native Chamorro (37.1%), Filipino (26.3%), Pacific Islanders (11.3%), white (6.9%), other
Asian (6.3%), other ethnic origins (2.3%), and mixed ethnicities (9.8%).” The predominant religion is
Roman Catholic. Languages include English (38%), Chamorro (22%), Filipino (22%), Pacific island
languages (6%), and Asian languages (7%). Guam has a literacy rate of 99%.

The economy is driven mostly by military and tourism; the tourism industry has grown since the 1980s
due to a push to attract Japanese tourists. With a total of 1-1.2 million tourists a year, Japanese tourists
made up 76% of tourists in 2007 with direct tourist spending being $1.2 billion. The basic breakdown of
total payroll employment and percentage of total is summarized in Table 3.

Table 3. Employment Statistics®

Total payroll employment (2007) 60,350
Private sector employment 45,320
Government employment 15,030
Private sector employment as a % of total 75.1%
Government employment as a % of total 24.9%
Unemployment rate 11.4%
Private sector average weekly earning $411.55
Government of Guam average weekly earnings $737.48

Guam has a tropical marine climate that is warm and humid with little seasonal temperature variation,
illustrated in Figure 3. Climate impacts the energy consumption in a specific geographic region.

* OIA website: http://www.doi.gov/oia/Islandpages/gumpage.htm#pagetop.
> OIA website: http://www.doi.gov/oia/Islandpages/gumpage. htm#pagetop.
% Ibid.
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Figure 3. War in the Pacific Park
Source: NREL/PIX 18625

The U.S. Department of Energy (DOE) has issued maps of various climate zones based on temperature
and humidity. Guam’s climate is tropical marine with the dry season between January-June and the rainy
season between July-December. Yearly average temperatures range between 76°F and 86°F and average
annual precipitation is 86 inches. Table 4 summarizes the historic weather on the island over the past 47

years.

Table 4. Guam Historic Weather Summary’

Agana, Guam

Elevation: 246 feet Latitude: 13 29M Longitude: 144 48E

Average Temperature

Years on Record: 47

YEAR | Jan. ‘ Feb. | Mar. | Apr. | May |Jun. | Jul. | Aug. | Sep. | Oct. | Mov. |Dec.
°F | 81 80 80 g1 82 g2 g3 82 | 82 82 82 82 81
Average High Temperature resrs on Record: 47
YEAR | Jan. ‘ Feb. | Mar. |Apr. May |Jun. | Jul. | Aug. | Sep. | Oct. | Mov. | Dec.
°F | 86 85 85 g6 87 87 88 87 | 87 87 87 87 86
Average Low Temperature rears on Record: 47
YEAR | Jan. ‘ Feb. | Mar. |Apr. May |Jun. | Jul. | Aug. | Sep. | Oct. | Mov. | Dec.
“F |76 75 74 75 76 77 77 76 |76 76 76 77 76
Highest Recorded Temperature ‘rears on Record: 47
YEAR | Jan. ‘Feb_ Mar. | Apr. | May |Jun. | Jul. | Aug. | Sep. |Oct. Mov. | Dec.
°F |96 94 93 93 96 94 95 95 |93 93 93 92 91
Lowest Recorded Temperature ‘Years on Record: 47
‘ YEAR | Jan. ‘ Feb. | Mar. | Apr. | May |Jun. | Jul. | Aug. | Sep. | Oct. | Mov. | Dec.
°F |65 67 65 66 68 70 70 T0 |70 70 67 68 68
Average Precipitation rears on Record: 47
YEAR |Jan. | Feb. | Mar. | Apr. |May | Jun. | Jul. | Aug. ‘ Sep. | Qct. | Mov. |Dec.
in.| 868 44 |32 |25 34 [53 |56 [96]134 (1311125 ]85 |51

" Weather Base, Guam: http://www.weatherbase.com/weather/weather.php3?s=021219&refer. Accessed January 7, 2011.
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2 Establishing a Baseline

Following a review of the natural and cultural influences, site assessments incorporate historical energy
consumption data to establish the baseline. This section summarizes observations from electrical
generation, end-use energy consumption and costs, and solid waste management. Additional details are
provided in the appendices.

2.1 Overall Fossil Fuel Energy Use
With the exception of a few small renewable energy projects, Guam is 100% dependent on fossil fuels
for meeting its energy supply needs. The primary sectors that consume fossil fuels in Guam are:

¢ Production of electricity
e Transportation
e Water heating and self-generation by the commercial sector (primarily hotels)

e Propane for home cooking and small commercial operations.

NREL obtained information on fossil fuel consumption for electricity production, transportation, and
propane use by consumers. We did not attempt to locate data on consumption by hotels or small
commercial sectors. In 2010, GPA consumed nearly 2.9 million barrels of fossil fuel (120,519,396
gallons) for power generation.® The Guam Energy Office collects data on fuel sales, including jet fuel
and consumer propane.

In 2010, 109 million gallons of motor fuel were sold, including gasoline, diesel, and jet fuel. Note the
motor fuel data compiled by the Guam Energy Office does not include shipping to Guam, air transport
and freight and DOD.

In 2010, Guam used 230 million gallons of fossil fuel, or over 1,270 gallons per year for every man,
woman, and child living on the island. This value can serve as the primary baseline for setting fossil fuel
reduction targets and against which future program impacts can be measured. Table 5 shows the
breakdown by end use, and Figure 4 shows these values graphically.

Table 5. 2010 Guam Fossil Fuel Usage

End Use Gallons/year
Gasoline 46,262,100
[No 2 Diesel 14,105,600
Jet 44,812,200
Propane - Consumer 4,305,500
GPA 120,519,396
Total Fuel Used 230,004,796
Population 180,865
Fuel use per capita 1,272

¥ Internal data provided to NREL by GPA.
? Source: Guam Energy Office. Spreadsheet provided by David Meno based on retail sales by fuel distributors (Shell, Mobil
and 76).
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Guam Energy Usage 2010
(% by use based on gallons consumed)

No 2 Diesel
6%

Propane -
Consumer
2%

Figure 4. Total fossil fuel energy use, 2010
Source: GPA

2.2 Electrical Energy

2.2.1 Electrical Generation

GPA is a full service electric utility serving about 46,000 customers. GPA owns and manages 663 miles
of transmission and distribution lines and 29 substations throughout the island. Electricity is delivered
through a transmission and distribution grid consisting of a combination of 115 kV, 34.5 kV, and 13.8
kV lines. Its generation capacity is 552 MW with total energy production of 1,854 GWh (FY 2009). The
highest peak system demand was 281.5 MW in June 2001.

GPA’s generation includes 181 MW from Independent Power Producers. The generation mix is 33%
steam turbine, 30% slow-speed diesel, 26% combustion turbine, and 10% fast-track diesels. GPA has
organized 210 MW of its base load capacity under two performance management contracts (PMCs).
These PMCs provide private management using public employees to operate and maintain the plants.
The contracts contain performance-based incentives for reducing plant operating costs. The major fuel
types include residual fuel oil (RFO #6) and diesel #2 distillate. Figure 5 shows GPA’s generation by
fuel type. Note that in FY 2010 99% of GPA’s electricity generation came from RFO. RFO includes
both high and low sulfur sources.
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Figure 5. GPA gross generation by fuel type"’
Source: GPA

According to GPA, “several systemic shocks, such as the Gulf war, SARs [Severe Acute Respiratory
Sydrome], major typhoons, and rising fuel prices occurred during this period, adversely affecting the
Guam economy. As a result, the demand for electric power contracted or remained flat relative to FY
1998,” (Guam Power Authority, 2008).

The top plot in Figure 6 shows the gradual decline of generation, from a high of 1.956 billion kWh in
2001 to 1.862 billion kWh in 2010, a 5% decline in nine years''. Electricity generation is measured at
the generators in the power plants. The fuel use also declined during this same period, while the fuel
efficiency improved between 2003 and 2004 and remained relatively flat during the last seven years.

In 2010 the overall system heat rate was 9,670 Btu/kWh. GPA provided historical fuel heating values
from which the average value of 6.275 MMBtu/bbl for high sulfur fuel oil and low sulfur fuel oil'2.
Although the fuel heating value of diesel is value is 5.760 MMBtu/bbl, because diesel is only a small
proportion of the fuel mixture, it was not broken out separately. As a comparison to other island power
systems, Hawaii’s overall system heat rate was about 10,500 Btu/kWh'® and the U.S. Virgin Island’s
system-wide average was about 15,200 Btu/kWh'.

' GPA March 2011.
"' GPA March 2011.
"> GPA March 2011.
'3 E-mail correspondence with Kenneth Kelly — NREL, March 2011.
!4 E-mail correspondence with Adam Warren — NREL, March 2011.
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Figure 6. GPA gross electricity production, fuel consumption and overall system heat rate'
Source: GPA

2.2.2 Consumption and Costs

Figure 7Figure 7 shows the overall annual energy consumption on Guam. The shape of the curve
corresponds with the gross generation curve (top plot of Figure 6), showing a 6% decline in
consumption between 2001 and 2010. The difference between generation and consumption is attributed
to power-plant auxiliary losses, line losses, and losses from technical (billing errors, broken meters) and
non-technical (theft) sources. Total losses in 2010 were about 12%. There is a drop in 2003 due to

5 GPA March 2011.



several tragic events; Typhoons Chata’an, Pongsonga, and Halong all impacted Guam in 2002 causing
extensive damage to infrastructure. Additioanlly, SARS and the attacks of September 11, 2001, led to
reduction in tourism.

Guam Annual Energy Consumption (2001 - 2010)
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Billions

Energy Consumption (kWh)

Figure 7. Historical annual island energy consumption (2001 — 2010)16
Source: GPA

Figure 8 shows three daily load profiles for the overall GPA system. The hourly data are taken over the
one-year time period between March 1, 2009 and February 28, 2010. The green plot is the hourly
average over the entire year. The red plot shows hourly data for the day of the year in which the hourly
maximum load occurs (October 13, 2010), and the blue plot shows hourly data for the day of the year
where the hourly minimum load occurs (May 7, 2009). On an annual average basis, the minimum load
(approximately 180 MW) occurs between 04:00 and 05:00, and the peak load (around 240 MW) occurs
between 19:00 and 20:00, representing a 25% change in load. On the day with the hourly maximum
load, the minimum of 189 MW occurs at 04:00, and the maximum of 272 MW occurs at 19:00,
representing a change in load of 34%. On the day with the hourly minimum load, the minimum of 144
MW occurs at 01:00, and the maximum of 247 MW occurs at 20:00, representing a change in load of
42%.

16 GPA March 2011.
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Figure 8. Overall GPA system hourly load profiles (March 1, 2009 — February 28, 2010)"”
Source: GPA

Electricity is produced by imported oil (RFO #6) and diesel (#2 distillate). The total consumption of oil
in 2007 was 14,230 bbl/day'*. In 2009, the average cost of electricity was $0.23 per kWh and the GPA’s
2010 Levelized Energy Adjustment Clause factor was $0.12465/kWh (Effective August 1, 2010)".

In order to understand where energy efficiency measures should be focused, the electricity consumption
has been broken down by end-consumer (see Figure 9). The energy statistics available for the island
present energy consumption by commercial, residential, U.S. Navy, government, and street lighting
sectors. Historical data is available for the period between 2001 and 2010, so a historical average was
used to compare these sectors over the 10-year timeframe?. The largest consumers of electricity on
Guam are the commercial and residential sectors, followed by the U.S. Navy and government. As a
group, private hotels dominate GPA’s commercial load, and the airport is the largest civilian critical
load. Figure 10 shows the Guam energy consumption by sector between 2001 and 2010.

"7 GPA March 2011.

'8 CIA World Factbook: https://www.cia.gov/library/publications/the-world-factbook/geos/gq.html.

' By comparison, the U.S. Virgin Islands Water and Power Authority set a LEAC factor of $0.22/kWh in 2010.
20 Secretariat of the Pacific Community: http://www.spc.int/prism/country/gu/stats/Utilities/Utilities.htm#PHS5.
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Figure 9. Guam energy consumption by sector (2001 — 2010 average)?'
Source: GPA
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Figure 10. Guam energy consumption by sector (2001 — 2010)*
Source: GPA

2l GPA March 2011.
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GPA is working with DOD during planning to ensure there is adequate capacity to serve the load of
military projects targeted for the island. The current best estimate of the additional base load from the
buildup is 30 MW with an additional 25 MW of transient/peaking load. GPA believes there is sufficient
generation capacity currently in the system to meet the planned load requirements. DOD has also
expressed that a preferred solution to complement GPA's existing generation system is to recondition up
to five peaking/emergency combustion turbine units. GPA is working with DOD to identify transmission
and distribution projects that would be required to meet the military service requirements. DOD has
been committed to the principle of ensuring the civilian community is not negatively impacted by the
cost of the buildup.

2.2.3 End Use

Understanding the building stock is important to know how energy is being consumed within a building,
as energy use will vary by construction type/materials and the age of the building. Other parameters that
impact energy use are climate and culture. The goal in reducing energy consumption is to understand
how it is being utilized and to know where conservation and efficiency measures can be applied. By
identifying the end-uses of energy consumption, analysis can be undertaken to identify areas where
improvements can be made.

NREL’s site visit demonstrated that in typhoon prone areas, such as Guam, buildings are typically
constructed of concrete to withstand the wind and water. Buildings that are lightweight and constructed
of wood frames or are older and have deteriorating structures are vulnerable to typhoon destruction.

Reinforced concrete is often used as the building material in typhoon ‘alleys’; this type of construction
was observed in Guam. The building portfolio is comprised of hotels, the airport, government and
military buildings, schools, hospitals, medical clinics, commercial property, and residential buildings,
such as apartments and single family dwellings. The number of buildings classified within each category
is unknown; however opportunities were identified within the energy end-use sectors as provided by the
Government of Guam and GPA. The direction the Government is trying to head is exemplified by the
Leadership in Energy and Envionremental Design (LEED)-registered buildings under construction on
the Guam Community College Campus, shown in Figure 11.

Figure 11. Guam Community College’s LEED-registered
building under construction
Source: NREL/PIX 18588

Data collected from the site visit have indicated that the highest end users of energy on Guam are
commercial, residential, government, Navy, and then street lighting, as shown in the pie chart above in
Figure 9. End use within the commercial, residential, and government sectors are discussed in more
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detail in the following sections. Delving into the end use in more detail allows for solutions to be
identified either in terms of energy conservation or energy efficiency.

Energy conservation and energy efficiency can be combined to create an effective strategy to achieving
overall island energy reduction. Energy conservation is any behavior that results in the use of less
energy. Turning the lights off when you leave the room is one example of conserving energy. Energy
efficiency, on the other hand, is the use of technology that requires less energy to perform the same
function. A compact fluorescent light bulb that uses less energy than an incandescent bulb to produce
the same amount of light is an example of energy efficiency™.

2.2.3.1 End Use for Commercial Sector

Commercial building consumption is led by offices, retail, luxury hotels, and the education sector. End
users within commercial buildings are reported by GPA as being interior lighting, cooling,
miscellaneous equipment, refrigeration, ventilation, exterior lighting, water heating, and cooking. The
end use is broken out for commercial buildings in Figure 12%*. 1993 is the most current end use data
available.

Commercial Electric Sales by End-Use (GWh), 1993
Water heating, 9__ Cooking, 7

\ |

Exterior lighting, 24
Ventilation, 36

Refrigeration, 51

Miscellaneous, 93

Figure 12. Commercial electric sales by end-use, 1993
Source: GPA

Many assumptions were made by the authors commissioned to calaculate the sector break-down for
GPA,; therefore some scrutiny may be necessary when analyzing these results. A more detailed study
may be required in commercial buildings to determine whether interior lighting is truly higher than
cooling.

Additionally, more information on the end-users within the ‘miscellaneous’ category would be helpful.
By understanding more about the equipment and plug loads that are consuming energy, a commercial
organization will have better control over managing and reducing their energy consumption. An
example is a company that leaves computers, printers, and fax machines on or on standby overnight.
Without knowing what the components of the ‘miscellaneous’ category are it is difficult for the
organization to know how to make reductions.

2.2.3.2 End Use for Residential Sector
GPA reports that consumption by the residential sector is impacted by the rate of electricity, which
fluctuates primarily based on the cost of fuel. Despite a growth in population and in electricity

3 Energy Information Administration, http://www.eia.doe.gov/energyexplained/index.cfm?page=about_energy_efficiency.
* Guam Power Authority, Demand Side Management Plan, April 1993, Section II.
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customers, Figure 13 shows that the average kWh sales per residential customer declined by 16%
between 2001 and 2010%. This decrease is thought primarily to reflect reduced consumption due to
higher rates (shown in Figure 14). From 2001 through 2010, the average annual fuel bill for GPA’s
residential customers has increased by 44%. The graphs show the actual activity in the thicker, blue line;
the average trend lines are shown in the thin, black line.

Electrical Use per Residential Customer
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14,000 N\
©
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Figure 13. Annual energy sales (residential sector)
Source: GPA
Annual Electricity Cost/Residential Customer ($/yr)
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Figure 14. Average annual costs per residential customer
Source: GPA

%% End use data provided by GPA.
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In 1993, the highest energy consumption in Guam within the residential sector was water heating,
followed by air conditioning and household appliances, as shown by the end use of energy in residential
buildings shown in Figure 15°°. This tells us the best opportunities for the residential sector include
reducing electrical use for water heating, improving air conditioning, improving appliances, and
changing to more efficient lighting.

4 . . . N
Residential Electric Sales by End-Use (MWh), 1993
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Figure 15. Residential electric sales by end user

Soure: NREL
2.2.3.3 End Use for Government Sector
A snapshot glimpse for the Guam Government sector indicates that the largest consumption of fuel for
November 2010 was related to a few specific agencies. The Guam Waterworks Authority (GWA) had
the largest energy consumption, followed by the Department of Education, the University of Guam, and
the hospital. This breakdown is shown in Figure 16.

2 GPA, Demand Side Management Plan, April 1993, Section II. This is the latest year that has data available.
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Figure 16. Guam government sector energy consumption by percentage of total energy consumption27
Source: NREL

While this type of assessment is not comprehensive in its review of energy consumption, it provides a
glimpse of where energy is being consumed within the sector. Ideally, an assessment would cover
multiple years worth of data and be compared to the total floor area of each agency. The energy
consumption per floor area provides a more comprehensive form of benchmarking energy consumption
activities within buildings and highlights where energy is being consumed more thoroughly.

Without further investigation it is difficult to confirm assumptions; however assumptions can be made
about the end use within each agency. For example, the energy consumption at GWA may be a result of
typical energy end use, such as lighting, air conditioning, and equipment; however motors, drives, and
pumps may contribute significantly to the consumption. GWA is responsible for treating and pumping
water, therefore it can be assumed that the primary energy consumers are due to these main activities.
The Department of Education, the University of Guam, and Guam Community College are most likely
responsible for a large building portfolio with high cooling, lighting, and plug loads, whereas the
hospital presumably has the same loads, but on a 24-hour demand scale.

2.2.4 Current Status of Energy Policy

Across the global landscape, many communities are turning to policy as a way to institute clean energy
technologies. Many states, territories, local governments, and communities are interested in adopting
strategies that promote energy efficiency and renewable energy. Policy is a mechanism many
governments use to advance and support energy efficiency and renewable energy objectives. Policy
implementation can aid in market adoption and assist in laying a foundation for a green economy while
providing investors with reassurance within market transformation. Policy can be an effective tool Guam
can use to implement their energy efficiency and renewable energy goals, increase energy diversity, and
decrease dependence on imported fossil fuels. Additionally, there are environmental benefits such as
emissions reduction, reduction of water consumption, thermal pollution and adverse land-use impacts.
Oftentimes, these environmental effects can be beneficial in a cost-benefit analysis when factoring in
future fossil fuel generation.

The following subsections discuss energy policies currently in place in Guam.

?7 Data provided by the Guam Energy Office for November 2010.
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2.2.4.1 Net Metering

Net metering for distributed generation was enacted in December 2004 under Guam Public Law (PL)
27-132.%® The net metering policy is an agreement between GPA and its customers for a variety of
renewable technologies; fuel cells, microturbines, wind energy, biomass, hydroelectric, solar, or hybrid
solar systems. In order to participate in this program the system cannot exceed the eligible size of 25
kW. GPA will pay for any additional meters needed as well provide customer-generators with a bi-
directional energy meter. Customers must meet all prescribed safety guidelines and electric codes. GPA
does not require additional measures, controls, or supplemental insurance once these requirements have
been met. Customers who take advantage of net metering can request billing on either a monthly, semi-
annual, or annual basis. Systems that produce excess generation will be compensated; however, the rules
for this policy have yet to be set by the Guam Public Utilities Commission (PUC), which was required
within 120 days of the authorizing legislation.

Through interviews it has been learned that the PUC has currently enacted these rules. If the energy the
customer produces is zero or negative during a particular billing cycle, the customer shall pay only the
non-energy charge portion; if the customer’s net energy is negative they will be credited the kilowatt
hour different in the next billing cycle.” Table 6 lists the current net metering customers.

Table 6. Current GPA Net Metering Customers

Location Technology | Size (KW) Cust Type | Activation
Date
Golondrina Avenue, Barrigada Heights PV 8.4 KW Residential | 2/17/2009
Flores Rosa Loop,Barrigada Heights PV 8.4 KW Residential | 5/19/2009
Daisy Lane,Latte Heights PV 7.7 KW Residential | 4/17/2009
Tun Emeterian Camacho St.,Oka,Tam. PV 8.4 KW Residential | 9/25/2009
Acho Latte St.,Macheche,Dededo(2 ea.) PV 7.7 KW (2 Commercial | 1/22/2010
ea.)

Toto Canada Rd.,Barrigada PV 2.96 KW Residential | 12/1/2009
Toto Canada Rd.,Barrigada Wind 1.8KW Residential | 6/22/2009
Chalan Villagomez,Latte Heights Wind 1.8KW Commercial | 6/1/2009
Mangilao , GCC Compound, New Learning PV 24 8KW Commercial | 12/10/2010
Center
Mangilao , GCC Compound, Allied Health PV 29.4KW Commercial | Under
Center Construction

2.2.4.2 Energy-Efficient Appliance Rebate Program

The “State Rebate Program” sponsored by DOE through the American Recovery and Reinvestment Act

of 2009 rolled out in Guam 2010”. Unfortunately, funds are limited and this program has not been
locally invested and therefore will have a short lifespan. However, incentives to replace inefficient

equipment with new ENERGY STAR certified products, including washing machines, refrigerators, and
air conditioners (both room and split type models), will no doubt show measureable savings.
Approximately $160,000 was set aside for this program.

2.2.4.3 Solar-Ready Residential Building Requirement

Effective in October 2000, the Guam Energy Code adopted installation requirements for new residential
low-rise buildings. The building code now requires that all new residential construction must include the
appropriate solar thermal equipment that would allow future solar thermal unit installation®".

* http://www.guamlegislature.com/Public Laws_27th/P.L.%2027-132.pdf.
2% Net Metering Program Interconnection Policy, 2/26/2009.

3 http://www.guamenergy.com/announcement-to-appliance-retailers/.

3! http://www.dsireusa.org/documents/Incentives/GUO 1R htm.
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2.2.4.4 Building Codes

The current building codes in Guam are outdated. The Guam Energy Code uses ASHRAE 90.1-1989 for
commercial buildings and follows the 1992 Model Energy Code for residential buildings®%. These codes
were adopted more than 12 years ago with provisions to allow the Department of Public Works to
administer the latest edition of the code for design and construction.

The most current green building codes to be recommended are:

e Commercial: ASHRAE 90.1 2010, Energy Standard for Buildings Except Low-Rise Residential
Buildings/International Energy Conservation Code (IECC), 2009

¢ Residential: International Energy Conservation Code, 2009.

These codes are set up to address heat loads, but tropical areas can choose what is applicable as the
IECC tends to group energy requirements and discount tropical climate impacts on buildings.

As of October 28, 2010, Guam adopted the 2009 IECC. Part of the requirements of that adoption are to
establish a Guam Building Code Council whose responsibilities will include providing
“recommendations for further amending or adding to the codes adopted with this legislation, including
the possible amending or adoption of Appendices A, B, and D of the International Building Code, 2009
edition, the International Property Maintenance Code, 2009 edition, the International Energy
Conservation Code, 2009 edition, the Model Tropical Energy Code, and any other construction codes as
the Council may deem appropriate,”*. Adoption of the Tropical Building Code is only the first step to
addressing energy use in new construction and major renovations; but current building stock is a
concern. Compliance and enforcement are other issues that must be addressed.

2.2.4.5 Renewable Portfolio Standard

Guam has not adopted the traditional Renewable Portfolio Standard (RPS) but has an RPS goal that was
introduced as Guam Bill 166 and enacted in March 2008 through the Guam legislature—Guam Public
Law 29-62°*. This law was an attempt to address three important initiatives: (1) promote the
development of renewable energy, (2) establish an RPS, and (3) study the feasibility of a rate structure
through the PUC that would support renewable energy implementation. It established a renewable
energy goal of 25% renewable energy by 2035. This goal is not compulsory like a traditional RPS,
which is legally binding.

If Guam is to move toward decreased fossil fuel use and increased energy diversity, an RPS can be a
very effective tool. The following is Guam’s timeline for renewable energy integration as spelled out in
their 2008 RPS goal.

5% of net electricity sales by December 31, 2015
8% of net electricity sales by December 31, 2020
10% of net electricity sales by December 31, 2025
15% of net electricity sales by December 31, 2030
25% of net electricity sales by December 31, 2035.

Here are a couple island examples:

32 http://bcap-ocean.org/state-country/guam.
33 Government of Guam Bill No. 460-30 (COR), passed October 28, 2010.
3 http://www.guamlegislature.com/Public_Laws_29th/P.L.%2029-62%20%28Bill%20N0.%20166%20EC%29.pdf.
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U.S. Virgin Islands has passed legislation and established that “peak demanded generating capacity”
come from a renewable source of 30% by 2025.%°

Hawaii has established a 70% fossil fuel reduction target by the year 2030, 40% of its net electricity
sales.

These goals are all inclusive of energy usage as a whole and include the transportation sector.

2.2.5 Solid Waste

Solid waste generation and disposal represent significant costs and challenges for island communities
like Guam. Solid waste represents a potential source of material that can be converted to energy. The
first step in determining the potential is to understand present waste management practices, waste
generation quantities, waste composition, disposal costs, and regulatory environment.

Solid waste management issues in Guam are complicated. Under a Consent Decree issued in 2004, the
United States District Court ordered the Government of Guam to plan for the closure of Ordot Dump
and to construct a new sanitary landfill that would be fully compliant with subtitle D of the Resource
Conservation and Recovery Act”’.

Over the next four years, the Government of Guam made little progress in implementing the Consent
Decree. In March 2008, the District Court of Guam issued a Court Order® to appoint consulting firm
Gershman, Brickner and Brayton (GBB) as the Federal Receiver to enforce compliance with the
Consent Decree. Under the terms of this order, GBB took control of the Guam Solid Waste Management
Division and assumed all of its responsibilities. GBB is presently managing the closure of Ordot and the
construction of the new Layon Landfill.

The Layon landfill is scheduled to be completed and opened in the summer of 2011. In January of 2011,
Senator Tom Ada introduced a bill to create an autonomous agency—the Guam Solid Waste
Management Authority—to take over solid waste management responsibilities from GBB when the
terms of the Consent Decree are fulfilled.

The total cost of constructing Layon Landfill and related consent decree projects was estimated to be
$98 million in the August 2010 Quarterly Receiver Report.>’ GBB developed the financing plan for the
process and assisted the Government of Guam with raising the funds. GBB is continuing to identify
cost-saving measures for construction of the landfill.

To cover debt repayment and ongoing operations and maintenance costs, the new Solid Waste
Management Authority will need to charge a tipping fee and maintain a minimum flow of municipal
solid waste (MSW) into the landfill. In July 2009, the U.S. Navy, GBB, and the Government of Guam
signed a letter of intent stating that it is the intent of the U.S. Navy to negotiate a contractual
arrangement for solid waste management services with the new entity that will run the landfill.
Essentially, U.S. Navy waste is needed to help meet project cash flow and revenue requirements for
landfill operations and bond repayment. If U.S. Navy waste is included, it will also lower rates for the

z Z http://www.dsireusa.org/incentives/incentive.cfm?Incentive Code=VIO6R&re=1&ee=1.

Ibid.
37 Consent Decree for the Closure of Ordot Dump, Feb 2004, available online at
http://iconguam.com/guamsolidwaste/docs/Federal%20Consent%20Decree%20[2-12-04%20in%20Civil%20Case%2002-
22].pdf accessed January 31, 2011.
¥ The Court Order can be found at http://www.guamsolidwastereceiver.org/pdf/court_order.pdf accessed January 31, 2011.
3% Quarterly Report of the Receiver, August 11, 2010. pg 29. Accessed online on March 3, 2011:
http://www.guamsolidwastereceiver.org/pdf/Tab_1 Quarterly Report of the Receiver 8 11 10.pdf.
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rest of the island. Final tipping fees have not yet been approved by the PUC*’. However, proposed rates
have been submitted to the PUC and are shown in

Table 7. Proposed and Interim Tip Fees
Landfill Tip Fees:

With Without

Military Military
Commercial ($/ton) $ 156 | $ 174
Residential ($/month) | $ 28| % 32

Transfer Station Rates:
Self Drop |Self Drop (>

Effective Date (<3 CY) 3 CY)

Current $ 250 $ 5.00
September 1, 2010 $ 4.00 | $ 8.00
March 1, 2011 $ 550 | % 11.00
September 1, 2011 $ 7501 $ 15.00

The impacts of increased tipping fees on waste collection rates are not known at this time. However, it is
likely that higher tip fees will lead to increased illegal dumping and reduce the amount of waste going to
landfills. Depending upon the cost of recycling, it may also lead to increased participation in recycling
programs.

2.2.5.1 Guam Waste Generation and Composition Analysis

Minimal data on the amount and format of Guam’s solid waste stream is available. In the August 2010
Quarterly Report, the Receiver reported that from June 1, 2009, through June 1, 2010, 80,500 tons of
solid waste was delivered to Ordot. This is quite a bit lower than a previous estimate. In a report entitled
Estimation of Potential Land(fill Gas Yields for the Ordot Dump*', Duenas Associates and URS
Corporation estimated that between 2004 and 2007 approximately 120,000 tons per year were being (or
would be) disposed of in the Ordot Dump. As the Duenas/URS figure was based on estimates and the
2010 figure is based on scaled data, NREL will assume an annual waste estimate of 80,500 tons/year.
This figure does not include green waste and corrugated cardboard, which were banned from Ordot
several years ago. These materials are now being recycled by the private sector on Guam.

This annual total also does not include DOD solid waste. The amount of waste generated by DOD is
estimated in the Final Environmental Impact Statement for the build-up*. The quantity of waste
produced by DOD is highly dependent upon the population of military and non-military personnel
associated with the build-up and related activities. DOD is also implementing an aggressive recycling
program, with a target diversion rate of 50% by 2015 and every year thereafter. It is presumed that some
of the material diverted to recycling would also be potentially suited for conversion in a waste—to-energy
(WTE) plant.

* Quarterly Report of the Receiver, December 9 2010, pg 34. Accessed online on March 3, 2011:
http://www.guamsolidwastereceiver.org/pdf/Tab_1 Quarterly Report of the Receiver 12 9 10 Final.pd.
*! Estimation of Potential Yields of Landfill Gas from the Ordot Dump. Duenas & Associates and URS Corp. July 2005.
Accessed online at: http://guamsolidwastereceiver.org/pdf/RFP%20SWD001-11%20-%201b%20-
%20Est.%200f%20Poten.%20LFG%20Y1ields%200rdot%20Dump.pdf.. Accessed January 29, 2011.
2 Solid Waste data provided by Captain Peter Lynch to Scott Haase via email March 20, 2011. Table is entitled Table 2.4-1
Projected Solid Waste Estimates, pg 2-109 and 2-110. All data in the table are based on per capita waste generation estimates
of 7.4 pounds per person per day.
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The table shows a total solid waste volume from DOD and non-DOD personnel and construction
activity starting at 30,467 tons/year in 2010 (including 10% recycling of DOD waste) and reaching a
peak of 66,900 tons/year in 2015 (including 50% recycling), and then declining to 37,425 tons/year in
2019. For purposes of this report, NREL will assume the lowest value, or 30,467 tons/year of waste
produced by DOD. This value is potentially conservative and there may be significantly more material
available from DOD for a WTE plant.

Thus the total potential waste stream available is 110,967 tons/year. This is the number that we will use
later to estimate the potential energy that could be produced from Guam’s waste.

To our knowledge there are no recent, statistically-valid waste composition analysis studies that have
been conducted on Guam’s waste stream. In its December 2010 Quarterly Report, the Receiver provides
information on a new waste characterization study being performed by the Solid Waste Management
District (SWMD)*. This is a limited study in that it is only focusing on the waste generated by
participants in SWMD’s pilot recycling program. As part of the pilot recycling program, some residents
have agreed to have their waste collected separately and sorted into categories and weighed over the
next year. The first sort was conducted on October 12, 2010. A total quantity of 457 pounds of waste
from eight residents was sorted into categories. The breakdown of materials into categories is shown in
Figure 17. Glass and metals (non-combustible) represent 13% of the stream.

Yard Waste Textiles
3% 3%

Glass
6%
Metals/Cans Papers/cardboard
7% 30%
Food
16%

Plastics
Other/Misc 19%

16%

Figure 17. October 2010 waste characterization study (limited sample)
Source: NREL

In addition, NREL located a reference to a 1995 study quoted in a memo from the Receiver; the
Receiver provided NREL with a copy of this report*. The 1995 report estimates that Guam produces
over 600 tons of solid waste per day. However, this number is not based on scaled data and it is

* Quarterly Report of the Receiver, December 9 2010. Available on line at:
http://www.guamsolidwastereceiver.org/pdf/Tab_1 Quarterly Report of the Receiver 12 9 10 Final.pd
Accessed on March 3, 2011.
* Guam Solid Waste Weight Composition and Recycling Feasibility Study Final Report. Guam Environmental Protection
Agency, May 19, 1995.

22



considerably higher than the actual scaled data reported by GBB for the 2009-2010 timeframe. The 1995
study did conduct a detailed waste sort and characterization. The study found that approximately 13% of
the material was either metal, glass, aluminum, or hazardous material.

NREL also located a 1982 study that categorized Guam’s waste in 1980. The breakdown of the 1980 data
is shown in

Figure 18. Comparing the limited sample from 2010 with the analyses conducted in 1980 and 1995,
glass and metals (which are non-combustible and should be removed from any calculations estimating
available WTE conversion) were estimated at 13% of the total in 2010 and 1995, and 15% of the total in
1980.

As the 2010 sample is only from eight households, and pending the location of any more recent data, we
will use the 15% value from the 1980 study as being the most representative and most conservative.

Guam Solid Waste Composition 1980

Glass
9%

~

Metals
6%

Paper
39%

Other Organic ___
16%

Food Wastes
12% Plastics
8%
Yard Waste
10%

Figure 18. Guam's solid waste composition, 1980*°
Source: Rossi Nayve Consulting Service and Associates

Assuming that the composition is still the same, and that the percentages also apply to the DOD stream,
about 15% of the stream is non-combustible metals and glass and should be subtracted from the 110,967
tons per year of available waste. This leaves a potential available feedstock of 94,322 tons per year. We
will use this value to estimate WTE potential in Section 3 of this report.

2.2.5.2 Construction Waste

There will be considerable construction and demolition (C&D) waste associated with the military build-
up on Guam. Section 18.2.5.1 of the EIS document states that the preferred alternative will be to dispose
of this material in the U.S. Navy-owned landfill at Apra Harbor*®. While there will be a temporary

* Rossi Nayve Consulting Services and Associates, A Study of Guam’s Recyclable Wastes, Guam Solid Waste Management
Plan, 1982. Referenced online: http://www.co.hawaii.hi.us/env_mng/iswmp_orig/Chapter%2003.pdf, pg 5. Accessed
February 1 2011.

4 Guam and CNMI Military Relocation, Final EIS. Accessed online on March 3, 2011:
http://www.guambuildupeis.us/documents/final/volume 6/Vol 06 Ch18 Hazardous Materials_and Waste.pdf.
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increase in C&D waste associated with the build-up, the quantity will vary and it is not a reliable
feedstock that will be available over the 20-year life of any WTE plant, so it will not be added to the
estimate of available waste for conversion to energy.

2.2.5.3 Recycling

Recycling provides a landfill diversion opportunity, as well as an economic opportunity within the
commercial sector. Observations on-island and interviews with stakeholders indicated there is presently
minimal recycling in Guam. Should a more comprehensive recycling program be implemented, the
amount of material available for WTE could potentially be reduced depending on the materials that are
recycled. Solid waste managers and planners need to carefully consider all of the costs and benefits of
both WTE and recycling within a unified framework. The lifecycle economics of recycling on Guam
need to be carefully evaluated. On-island markets are likely to be limited and the costs of shipping
overseas need to be considered.

2.2.5.4 Regulatory Framework

During the site visit, the legalities surrounding PL 25-175 and the ramifications were noted. PL 25-175,
"An Act to Approve and Amend the Integrated Solid Waste Management Plan," prohibits construction
or operation of solid waste incinerators or WTE facilities on Guam. Specifically, PL 25-175 states:

Section 73113 is hereby added to Chapter 73, Division 3 of Title 10 of the Guam Code Annotated
to read as follows:

Section 73113. Municipal Solid Waste Incinerators Prohibited. Notwithstanding any other
provision of law, it shall be unlawful for any person to construct or operate on Guam a
municipal solid waste incinerator or a waste-to-energy facility, as defined by the rules and
regulations of the United States Environmental Protection Agency or the laws of the United
States of America®’.

NREL understands that the main reason this legislation was passed was to prohibit implementation of a
controversial 1996 agreement between the Government of Guam and a company called Guam Resource
Recovery Partners (GRRP). The agreement was entered into by the Executive Branch of the
Government of Guam. It is NREL’s understanding that the legislature had concerns that the agreement
required the Government of Guam to provide GRRP with minimum quantities of waste that were
beyond the amount of waste generated on the island. The legislature therefore passed a law prohibiting
WTE.

It is clear that without legislative action or creative thinking, it is extremely unlikely that anyone will be
able to develop a WTE plant on Guam in the near term. However, we will still estimate the potential
energy that could be produced from waste in Section 3.

47 PL 25-175 is available online, http://www.guampowerauthority.com/special/documents/PL25-
175_prohibi