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kW, kWe
kWh
kWh/m2-day
LOC

NOMENCLATURE

Authority to Construct

Best Available Control Technology

barrel (unit of measure for liquid petroleum products; equal to 42 gallons)
Balance of Plant

Combined Cycle

Conservation District Use Permit

1 MWe central receiver experiment in early 80's at Almeria, Spain
Carbon dioxide

Cathode Ray Tube

Combustion Turbine

Coastal Zone Management

Degrees Centigrade

State of Hawaii Department of Business, Economic Development and Tourism
Direct Current

Department of Land and Natural Resources

Direct Normal Insolation

Department of Energy

Hawaii Department of Health

Environmental Assessment

Environmental Impact Statement

Environmental Protection Agency

Engineering, Procurement and Construction

Energy Tax Credit

Federal Energy Regulatory Commission

Field Supervisory Control (solar field)

Ground Water Control Area

Gallons per minute

Potential Ground Water Resource Zones

Water vapor

Heat Collection Element

Hawaiian Electric Company

Hawaiian Electric Industries, Inc.

Hawaii Electric Light Company

Hawaiian Homelands

State of Hawaii

High Pressure

Hawaii Revised Statutes

Heat Transport Fluid; Heat Transfer Fluid

Hertz (cycles per second)

International Energy Agency-Small Solar Power Systems project
Independent Power Producer

Integrated Resource Planning

Potassium Carbonate

Kauai Electric Division of Citizens Utilities Companies
Potassium Nitrate

Potassium Hydroxide

Kilovolts (thousands of volts)

Kilowatt (electrical)

Kilowatt-Hour (electrical)

Kilowatt-Hours per meter squared per day (unit for solar thermal energy)
Local Controller (solar field)
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m
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PUC
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PVUSA
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Re-use
SCA
SCE
SCR
SEGS
SMA
SOLMET
SOx
SSvV

Low Pressure

Luz System 1, 2 or 3 solar collector model

Low Sulfur Fuel Oil (equivalently No. 4 fuel oil)
State Land Use Commission

meter

Thousand British Thermal Units

Maui Electric Company

Millions of gallons per day

Mauna Loa Observatory

Million British Thermal Units

Molokai Electric Company (currently a division of Maui Electric Company)
Medium Sulfur Fuel Oil (equivalently No. 6 fuel oil, Bunker C, Residual, Industrial)
Mean Sea Level

Millions Volt Amperes

Megawatt (electrical)

Megawatt thermal (thermal energy)

Sodium Carbonate

Sodium Chloride

Sodium Nitrate

National Climatic Data Center

Natural Energy Laboratory of Hawaii

National Environmental Policy Act

Normal Incidence Pyroheliometer

U.S. National Oceanic and Atmospheric Administration
Nitrogen Oxides

National Pollution Discharge Elimination System
National Park Service

Net Present Value

National Renewable Energy Laboratory

New Source Performance Standards

National Solar Radiation Data Base

Operation and Maintenance

Oxygen

Ozone

Office of Environmental Quality Control

Off-site injection wells

Phase Change Material

Puna Geothermal Venture

Pacific Missile Range Facility

Prevention of Significant Deterioration

Permit to Operate

Public Utility Commission

Public Utility Regulatory Policy Act of 1978
Photovoltaics for Utility Scale Applications project
Qualifying Facility under PURPA

Potential to re-use effluent from other facilities
Solar Collector Assembly

Southern California Edison utility

Selective Catalytic Reduction

Solar Electric Generating Station

Special Management Areas (under CZM program)
Data Base for SOLar and METeorological parameters
Sulfur Oxides

Shoreline Setback Variance
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TES Thermal Energy Storage

™Y Typical Meteorological Year
tpy Tons per year

TSD Hazardous Waste Treatment, Storage, and Disposal
UH University of Hawaii

vIC Underground Injection Control
UPS Uninterruptable Power Supply
USA United States Army

USFWS U.S. Fish and Wildlife Service
USN United States Navy

USNP US National Park

UST Underground Storage Tank
VAC Volts Alternating Current
VOC Volatile Organic Compounds
w Watt

W/m? Watts per meter squared
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EXECUTIVE SUMMARY
ABSTRACT

The potential for significant energy contributions from native non-fossil sources has motivated the State of
Hawaii to explore the development of its renewable energy resources. This interest in renewables is
reinforced by a rising energy demand related to a growing population and industrial base, a high
dependence on imported petroleum, and environmental concerns related to energy use. Recognizing the
success of the SEGS plants in California, where 354 MW,, of solar thermal electric generation systems
have been installed, the state energy office initiated an assessment of the potential for similar facilties
located in Hawaii. SEGS plants utilize concentrating parabolic trough solar collectors to collect heat for
steam generation for use in a conventional steam Rankine cycle power plant. Nine such plants exist,
ranging in capacity from 14 to 80 MWe.

The SEGS assessment for Hawaii evaluates the economic and technological potential of utility-scale solar
thermal electric plants on the Islands, focusing on the issues of siting, design, utility requirements,
operating characteristics, performance, and cost. The assessment was carried out by first examining the
utility needs on the major islands through a categorization of installed capacity, power purchase
commitments and resource planning. Next, capital costs were estimated for Hawaii conditions, and
electrical generation performance projections were made based on a careful evaluation of potential solar
resources throughout the islands. In parallel, preferred sites were identified based on an appraisal of
numerous siting issues. Lastly, a preliminary economic analysis of levelized electricity costs was made to
compare SEGS plants in Hawaii with conventional electric generation options.

Based on all aspects of this assessment, the following conclusions can be drawn regarding the viability of
SEGS plants in the State of Hawaii:

. Suitable sites exist on the leeward sides of the major islands,

*  Electric utility resource plans point to SEGS capacities of 30 MWe or smaller (except on Oahu
for which an 80 MWe plant is suitable). Capital costs are significantly increased relative to the
latest California SEGS plants due to physical siting characteristics, shipping, taxes and labor
adjustment factors,

«  The solar resource applicable to SEGS plants in Hawaii is about 25-30% lower than the Mojave
Desert on an annual basis, leading to solar performance reductions possibly as high as 40-50%,

. The base case economic analysis finds that SEGS plants do not currently appear to be a cost-
effective solar applications for the State of Hawaii,

. Inclusion of commonly discussed incentives for renewable energy technologies such as tax
credits, property tax exemptions and incorporation of environmental externalities into
generation planning improve the economics for SEGS but do not change this conclusion,

¢ The principal reasons for the unfavorable economic results are the higher capital costs and lower
system performance projected for SEGS plants in Hawaii, even those located in the preferred
sites. Significant capital cost reductions compared to current projections appear necessary to
alter this finding.

It is important to bear in mind that these conclusions are drawn for SEGS plants only, and do not purport
to reflect on the viability of other solar systems (such a photovoltaics) or even other solar thermal systems
(such as parabolic dish Stirling concepts or industrial process heat applications), which have different cost
and performance characteristics.
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INTRODUCTION

During recent decades, the state of Hawaii has experienced rapid economic and population growth.
Consistent with these developments have been commensurate increases in the state's appetite for energy.
Hawaii, which has no local fossil fuel reserves, imports petroleum to supply over 90% of its energy needs.
The near total dependence upon this non-native energy source has rendered the state increasingly
vulnerable to the whims of the global oil market. The desire to diversify local energy supplies, coupled
with increased concerns for the environment, have instilled among residents of Hawail an intensified
interest for the development of domestic alternative energy sources.

Spurred by the oil crisis of the early 1970's, Hawaii undertook numerous projects to produce electricity
using a diverse range of alternative energy technologies. Pilot projects evaluating geothermal, ocean
thermal, wind, solar, and biomass energy conversion were initiated during the 1970's. Aside from
biomass energy--which, as a by-product of the local sugar industry, has long been an important source of
electricity production in Hawaii--none of the technologies have yet proven to be reliable and significant
sources for electricity. Meanwhile, the state's dependence on imported oil has continued to increase.

In 1990, given the continued and growing need to develop domestic alternative energy sources, the State
of Hawaii's Department of Business, Economic Development & Tourism (DBEDT) contracted Luz
International Limited to assess the technical and economic feasibility of their successful Solar Electric
Generating System (SEGS) technology in the Hawaiian Islands. Since 1985, Luz had developed and
operated nine large solar power plants in California's Mojave Desert. The cumulative firm capacity of the
SEGS plants which are currently in operation, 354 MW in all, represents over 90% of all of the
commercial solar electric generation in the world. The total electrical capacity of these facilities is
equivalent to 19% of the total electric capacity of the entire state of Hawaii. Following the demise of the
Luz group of companies in 1991, this assessment was continued by ex-Luz staff in order to fully utilize
the experience of the SEGS developments.

The SEGS technology was developed to provide reliable solar thermal peaking power for electric utilities
in southern California. To achieve this level of reliability, the SEGS concept incorporates a conventional
Rankine primary steam cycle, a common power cycle which is utilized by most large oil, natural gas, coal,
and nuclear power plants. Sunlight, the primary heat source for generating steam in a SEGS plant, is
concentrated and absorbed by line-focusing parabolic troughs organized into rows in a large solar array
field. Heat transport fluid (HTF) pumped through the solar field carries absorbed heat to the centrally
located power block, where a conventional steam boiler and turbine-generator convert the thermal solar
energy into electricity. For increased reliability and flexibility, an auxiliary fuel-fired heater is added to
the system to provide supplemental HTF heating when the sunshine is inadequate to provide the desired
plant output.

The overall SEGS assessment for Hawaii evaluates the economic and technological potential of utility-
scale solar thermal electric plants on the major islands, focusing on the issues of siting, design, utility
requirements, operating characteristics, performance, and cost. It is stressed that this study pertains to
SEGS development only, and that the results herein should not be extrapolated to all solar electric
technologies. Other types of solar electric generation, such as photovoltaics or Stirling engine-parabolic
dish systems, are governed by somewhat different criteria and their potential success in Hawaii must be
evaluated under the circumstances applicable to their respective technology.

The assessment was carried out by first examining the utility needs on the major islands through a
categorization of installed capacity, power purchase commitments and resource planning. Next, an
evaluation of SEGS technology for Hawaii yielded capital costs estimates for Hawaii conditions, as well as
electrical generation performance projections based on a careful evaluation of potential solar resources on
the major islands. In parallel, preferred SEGS sites were identified based on an appraisal of numerous
siting issues. Lastly, a preliminary economic analysis of levelized electricity costs was made to compare
SEGS plants in Hawaii with conventional electric generation options.

Kearney & Associates SEGS Assessment — State of Hawaii
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UTILITY REQUIREMENTS

There are effectively two electric utility companies in the state of Hawaii: Hawaiian Electric Industries,
Inc. (HEI) and the Kauai Electric Division of Citizens Utilities Company (KE). Kauai Electric provides
electric service to the island of Kauai. With the exception of Nithau, which has no electric utility service,
the rest of the inhabited islands of the Hawaiian chain have their electrical demand supplied by HEI
utilities. Hawaiian Electric Industries is a holding company for electric utilities which serve Qahu
(Hawaiian Electric Company), Maui (Maui Electric Company), and Hawaii (Hawaii Electric Light
Company). Molokai Electric Company, which serves the small rural population on the island of Molokai,
was recently added to the HEI system as a division of Maui Electric Company. Maui Electric also
maintains a division on the island of Lanai. Since there are currently no inter-island electric transmission
facilities in the state, each island in Hawaii is electrically isolated and presents unique development
opportunities for SEGS power plants.

It is noted that a substantial component of the electricity generated in Hawaii is purchased power from
both conventional and renewable energy sources. Much of this generation is non-firm power. Although
significant from an energy standpoint, non-firm power cannot be scheduled dependably and therefore is
not identified as dispatchable generation capacity. Historically, the majority of purchased power in the
state is from the burning of bagasse (sugar wastes) by sugar processing mills. The current ratios of total
purchased power (firm + non-firm) to total net electric generation range from about 12% on Maui and
Oahu, to over 25% on Hawaii and Kauai.

Table ES-1 summarizes the total installed capacity and firm purchased power contracts for each utility.
Examining the makeup of the installed capacity as well as the resource plan for generation additions in
each utility, judgments can be made on the appropriate target size for a SEGS plant in each system, which
is also listed in Table ES- 1. While there are no active projects or assessments to install an underwater
transmission cable between the islands, it is noted that a Oahu-Molokai cable would suggest the possibility
of a large SEGS plant on the west side of Molokai.

Table ES- 1. Utility Capacity and SEGS Suitability

Utility Approx. Installed Firm Purchased Target Capacity for
Capacity (MW) Power (MW) SEGS Plant (MW)
HECO - Oahu 1260 180 80
MECO -Maui 143 12 30
- Molokai 8 0 0 w/o cable;80-200 with
- Lanai 10 0 0
HELCO - Hawaii 135 28 30
KE -Kauai 97 12 15

Daily electricity demand profiles have similar characteristics on all the islands. Summer use shows a
rapid increase in demand during the morning hours, as citizens arise and go to work. The load remains
quite flat over the course of the day, drops off after 4 p.m. as offices start to close, and then briefly
increases by a few percent in the early evening, reflecting increased electrical usage associated with the
preparation and clean-up of the evening meal. The profile is strikingly similar in winter, except that the
magnitude of the relatively constant daytime demand is about 5% lower, partially attributable to lower air
conditioning requirements, and the evening meal time peak is broader and more pronounced —— a 10%
spike lasting 2-3 hours. The increased evening demand evident in winter is driven by the shorter winter
day length, which influences many residents of Hawaii to eat earlier and on a more routine schedule. In
summer, residents are afforded more recreational opportunities and the lessened summer evening demand
spike reflects a greater flexibility in lifestyle during the longer summer days.

Kearney & Associates SEGS Assessment — State of Hawaii
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SOLAR ELECTRIC GENERATING SYSTEM (SEGS) DESIGN
Current Status

The nine SEGS plants, independently owned by limited partnerships and selling electricity to So.
California Edison utility, continue to operate at three sites in the Mojave Desert region of Southern
California despite the demise of Luz. The first plant has 13.8 MW, net capacity, the succeeding six
plants have 30 MW,, net capacity and the final two plants are larger at 80 MW,, capacity. Each plant is
operated by its owners to optimize plant revenues. Since the utility has time-of-use electricity rates, it is
desirable that high electrical output be delivered to the grid during the utility on-peak hours when
electricity revenues are highest. This is partially accomplished with the aid of a fossil-fired heat transport
fluid heater which can either supplement the solar field or operate independently. The energy supplied by
fossil fuel is limited to 25% of the total effective annual plant energy input by regulations of the U.S.
Federal Energy Regulatory Commission.

While all the plants are in daily operation, the absence of the Luz group does affect the facilities. Up to
1991, Luz Engineering Corporation carried out the routine operation and maintenance (O&M) functions
at each plant under separate contract to each owner group. In late 1991 and early 1992, this responsibility
was assumed by three O&M companies set up by the owners at each of the three sites. Since Luz was the
supplier of the solar field, spare parts for non-standard components of the solar field are not available and
the owners have had to develop alternative sources. Maintenance needs include the normal component
failures and repair requirements of any operating power plant as well as the unique requirements of the
solar fields. Over the years of development and operation, much has been learned about SEGS solar field
maintenance and, other than the spare parts problems mentioned earlier, the operation of these systems
has matured into a routine pattern.

Design Features

a typical Hawaiian SEGS power plant would be comprised of the solar field, power block, plant services
(water supply system, fossil fuel supply, power transmission lines), and water treatment system. The plant
will require a land area of approximately 6 acres per MW for the solar field, power block, and balance of
plant equipment. Maximum solar energy delivery with parabolic troughs is obtained with the axes of the
solar collector assemblies oriented in the north-south direction; another orientation may be required due to
the terrain of a specific site. The power block and balance of plant are located near the center of the solar
field and cover an area of about three acres. This area contains all major mechanical and electrical
equipment subsystems required for power production. Specific sites would impose differing needs for civil
engineering requirements (grading, foundations, flood control) as well as other site-related design issues
related to water supply, water waste handling, electrical interconnect to the local transmission system, and
solar field sizing. The major features of a Hawaiian SEGS plant, however, are not site-dependent, other
than plant capacity. A schematic process diagram of a SEGS plant is shown in Figure ES-1.

The solar field is an advanced LUZ solar system incorporating line-focus parabolic trough collectors that
focus sunlight onto vacuum-insulated steel pipes. Heat transfer fluid (HTF) circulates through the solar
field where it is heated and supplied through a main header to the solar heat exchangers located in the
power block. The solar-heated HTF generates superheated steam in two sets of heat exchangers (each set
with 50% of the total capacity). The superheated steam is then fed to the high-pressure (HP) casing of a
conventional steam reheat turbine. The steam passes from the HP casing to a solar-fired reheater before
being fed to the low-pressure (LP) casing. The spent steam from the turbine is condensed in a standard
condenser and returned to the heat exchangers via condensate and feedwater pumps to be transformed
back into steam. After passing through the HTF side of the solar heat exchangers, the cooled HTF is then
recirculated through the solar field to repeat the process.

Kearney & Associates SEGS Assessment — State of Hawaii
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Figure ES-1. Schematic Representation of a SEGS Plant

The Luz system is built up from solar collector assemblies (SCAs), each consisting of a row of individual
trough collectors driven by a single drive train. The mirrored parabolic troughs concentrate direct beam
radiation onto a heat collection element (HCE), which is a steel pipe having a special selective coating
surrounded by an evacuated annulus to enhance performance. An advanced local microprocessor
controller, in conjunction with a sun sensor, tracks the sun and keeps the collectors focused during periods
of sufficient insolation.

The SCAs are arranged in a large array consisting of parallel rows with three units per row. The
row-to-row spacing is optimized to minimize piping costs and row-to-row shadowing in the morning and
evening hours. The temperature of the HTF through the solar field increases from 559°F at the inlet to an
outlet of 7359F. Both the solar field piping and the HTF expansion tank are suitably insulated to minimize
thermal losses. The thickness of the insulation and the diameter of the piping is selected to reach a
balance between surface area heat loss, parasitic pumping power, and overnight heat losses from the
volume of HTF remaining in the field piping.

In Hawaii, an auxiliary diesel-oil fired HTF heater would supply an alternate source of energy to produce
turbine inlet steam. This allows the production of electricity in evening hours or daytime hours with low
insolation, if called for by the plant operating strategy.

The spent steam is condensed in the shell-and-tube condenser and cooling system. A control building
houses a central microprocessor that monitors and controls plant operations. During reduced solar
radiation conditions, the solar field and HTF heater can operate in parallel to provide electrical
generation. Electrical power output from the plant would be supplied to the local transmission line from
an on-site switchyard.

Kearney & Associates SEGS Assessment — State of Hawaii
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Projected Performance in Hawaii

SEGS performance can be projected using a plant performance model in conjunction with a data base of
typical weather information. The existing SEGS performance model takes into account the relevant
physical characteristics of the solar field, turbine/generator system, HTF piping and important balance-of-
plant systems, utilizing one year of hourly solar radiation and meteorlogical data to assemble an annual
projection.

An hourly solar radiation data base was assembled from measurements made at the University of Hawaii
at Manoa during the years 1979-1987. The year 1979 was chosen as a typical solar year for this
evaluation. Other data are available that allow estimates for other sites throughout the State. The annual
average direct normal radiation at Manoa for 1979 was 5.01 kWh/mz-day, compared to 7.44 in the
Mojave desert where the existing SEGS plants are located. If seasonal totals of solar radiation are
compared, the useful radiation in the plane of the collectors is notably higher in winter when the sun is
higher in the sky in Hawaii than in California. Because of clouds, the variation in hourly solar radiation
in Hawaii is quite high; in general, there is a significantly greater occurrence of lower insolation in
Hawaii and very few hours of high insolation (above 900 W/m?2).

The insolation data were used in the SEGS performance model to project the performance of an 80-MW
plant located on Oahu; monthly outputs are shown in Table ES-2. The annual output of 119,119
MWh/year on Oahu compares to 180,520 MWh/year in the Mojave, or a reduction of 34%. However, this
result does not refiect the true impact of intermittent clouds on performance, as the effects of clouds are
greater than might be predicted simply from the reduction in average solar radiation. The effects of these
deficiencies in the radiation data base and the model tend to overproject performance, and hence the
model projections are assumed to be high. In our judgment, the projections are optimistic by a factor of
about 20%. Thus, the performance of an 80-MW SEGS on Oahu might be expected to be about 60% of
the performance of an identical plant in Southern California. At a 60% level, the annual output would be
about 108,300 MWh (solar only), corresponding to a capacity factor of 15.4%. Supplementary firing
could bring this level up to any desired capacity factor. The insolation levels at the preferred sites on the
other islands range up to 13% higher. This could result in a performance increase of about 15%, or an
annual capacity factor of 17.8% in solar-only operation.

Table ES-2. Performance Projections for 80-MW Plant using Oahu Data
Annual Total 119,119 MW-hr

Month MWh Month MWh
January 3393 July 13811
February 3870 August 15373
March 10216 September 14492
April 12534 October 9189
May 12484 November 7130
June 9903 December 6724

Cost Estimate

The electricity costs of SEGS plants in California reduced steadily from their introduction in 1984
through the construction of SEGS IX due to a reduction in unit capital costs and an increase in output per
dollar invested. Capital costs dropped from about $4500/kW to just over $3000/kW as the solar collector
technology reached its third generation and plant sizes increased from 14 MW to 80 MW.

The capital cost estimates presented here are based on reference cost data for the SEGS plants and factors
specific to an installation in Hawaii. The costs are generalized in that they are not developed for a specific
site. These costs assume a turnkey project with a lead EPC (engineering, procurement and construction)
contractor. Cost elements in the SEGS estimate include the following:

Kearney & Associates SEGS Assessment — State of Hawaii
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+ Site Preparation: grading, roads, flood protection, and land
« Buildings/Fence: control and maintenance buildings, security fencing
« Solar Field Material; collector and foundation equipment
+ Solar Field Installation: installation costs of solar field
« HTF System: pumps, headers, fluid
» Turbine/Generator: turbine/generator set
« Boiler/Heater: auxiliary fossil-fired steam source
 Other Power Block Equipment: major steam-water cycle equipment
other than turbine-generator
+ Electrical: electrical wiring, motor control centers, other
« BOP: balance-of-plant equipment (e.g., cooling towers and pumps,
solar heat exchangers, diesel set, air compressors)
+ Substation/interconnect: transformers, switchgear, breakers, tower
interconnect to transmission line
+ Indirects: field supervision, field engineering, miscellaneous construction facilities.
Sales tax, interest during construction and profit are not included in the indirects.
+ Other: engineering, start-up
+ Contingency: reserve margin for estimated uncertainties @ 15%

SEGS cost data from the California plants have been adjusted for Hawaii conditions. The final SEGS cost
estimate resulting from the application of these adjustments to the reference SEGS costs is given in Table
ES-3. The total cost is $3845/kW, though this can vary considerably depending on site conditions. As an
example, consider a site in which grading is not an issue (e.g., the Pearl Harbor Blast Zone area), land
costs are $30,000 per acre, both transmission and water costs are one-half of the assumed cost, and a
contingency of 10% is applied. In this case, the total cost reduces to $3080/kW. Though it is hard to
accurately portray the range of costs that could be incurred over a broad spectrum of sites, it is our
recommendation that an uncertainty band of 15% be applied to the reference plant cost, resulting in an
estimated range of $3500/kW to $4200/kW for a reference 80-MW SEGS plant in Hawaii. Smaller plants
will be more costly; as a rule of thumb from SEGS construction experience, the cost increment over 80-
MW plant costs is about 15% for a 30 MW plant and 30% for a 15 MW plant.

Thermal Energy Storage

Because seasonal and diurnal variations in electrical demand are relatively small in Hawaii, thermal
energy storage (TES) is unlikely to be justified strictly for time-shifting of electrical production. A buffer
TES system, on the other hand, can have a much more significant impact on the operation of a SEGS
plant in Hawaii. Radiation changes due to intermittent weather conditions will -- without a buffer TES
system -- directly affect the pattern and efficiency of electrical output, i.e., the efficiency of electrical
production will degrade with intermittent radiation, largely because the turbine-generator will frequently
operate at partial load and in a transient mode. If regular and substantial cloudiness occurs over a short
period, turbine steam conditions and/or flow can even degrade enough to force turbine trips if there is no
supplementary thermal source to "ride through" the disturbance.

An evaluation of possible TES media, experience with existing systems and recent design studies was
conducted to identify suitable options for a SEGS plant in Hawaii. It was found that sensible heat
thermal storage providing 1-3 hours of full-load plant capacity using molten salt or a liquid-solid media is
feasible from both technical and economic aspects, though uncertainties exist in each area. Approximate
estimates indicate that such storage systems could add $65-130/kW, to the capital cost, with potential
performance gains on the order of 10%.

Kearney & Associates SEGS Assessment — State of Hawaii




Executive Summary Page ES-8

Table ES-3. Cost Estimate for Reference SEGS Plant in Hawaii (199283)

$/kW | Unit  Cost
Category % of
$/kW | Direct
Site Preparation
Grading 295 10
Flood Protection 180 6
Land 210 7
Other 235 8
Subtotal 920 31
Solar Field
Equipment 860 29
Installation 150 5
Subtotal 1000 34
HTF System
Subtotal 415 14
Power Equipment
Power Block 325 11
Fire/Water Systems 60 2
BOP 90 3
Electrical 30 1
Subtotal 505 17
Substation/Interconnect
Subtotal 120 4
% of
Total
Total Direct Costs 2960 77
Total Indirect Costs 245 6
Total Other 50 2
Contingency 590 15
Total 3845 100

SITING OF SEGS PLANTS in HAWAII
Siting Factors

The feasibility of pursuing SEGS facilities in Hawaii is contingent upon the identification of sites well
suited to the technology. Desirable physical characteristics of a favorable SEGS site include high direct
(beam) insolation, flat topography, suitable water supply and waste water discharge availability, access to
nearby electric transmission facilities, and availability of auxiliary fuel supplies. Additionally, socio-
political issues such as existing land use and cost, potential environmental and cultural impacts, and local
public acceptance can strongly influence the feasibility of a SEGS project. Many of these characteristics
are identical to those of conventional power plants, with the prominent exceptions of solar radiation
levels, extensive land area needs, and the much reduced importance of air emissions, fuel delivery, and
fuel and waste handling. If a SEGS plant design incorporates thermal storage rather than auxiliary fuel
back-up, concerns over fuel related siting characteristics can be eliminated altogether.

Based on the experience of developing and evaluating numerous sites for SEGS plants over the past
decade, siting issues can be put in categories of relative concern. Table ES-4 presents fifteen (15) siting

Kearney & Associates SEGS Assessment — State of Hawaii
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factors, categorized into three distinct levels of importance, as guidelines in screening potential sites for
SEGS-type development in Hawaii. These groupings are based on fechnical potential. Characterization
of these factors on some other basis—for instance, political or environmental potential-—would probably
lead to a reclassification of the relative importance of some siting factors.

This overall set of siting factors would be of general relevance for SEGS projects anywhere on the globe;
however, the relative influence of individual siting factors may be rearranged. For example, land use and
cost, which are not of great significance for remote desert sites on the mainland, are unquestionably
primary issues on the Hawaiian Islands. In a detailed comparative siting analysis focused on a small
number of sites, economic values would be assigned to all of the siting factors, where possible, and a
quantitative trade-off study would be carried out. In a broader, more preliminary assessment of this type,
the evaluation of potential sites using these siting criteria lean more heavily on subjective judgment
developed from the extensive SEGS experience supplemented, to the extent possible, by site visits and
cost estimates specific to Hawaii.

Few, if any, areas in Hawaii embody every desirable characteristic for a solar thermal electric plant at a
single site. Hence, the evaluation of siting criteria is an important yet sensitive step in the assessment of
SEGS potential in Hawaii.

Table ES-4. Siting Factors for SEGS Power Plants in Hawaii

Primary Secondary Tertiary
Insolation Back-up/Storage Accessibility
Topography/Geology Natural/Military Hazards Labor Pool
Water/Waste water Surface Hydrology Legal Issues
Land Use/Cost Air Quality Political Issues
Electric Transmission Biology
Corrosion

(Note: Groupings are based on authors' assessment of technical impact; different criteria or local input
incorporating a diverse spectrum of interests may lead to reclassification of some siting factors.)

Site Evaluation Methodology

The initial step in the site selection procedure was a preliminary screening process which identified
several general candidate areas on each of the five islands under consideration. The screening was
principally based on solar radiation level, topography, and incompatible land use. The next step entailed
evaluation of the candidate sites over the broad range of siting issues listed in Table ES-4. For each site,
relative scores were assigned to each siting factor. The scores ranged from 1 (worst) to 5 (best). A score
of zero (0) indicates that the particular siting issue was regarded as a fatal flaw.

Appropriate weighting factors were developed based on the perceived importance of each siting factor
with respect to economic impact. The relative impact of the three categories of siting criteria were
arbitrarily assigned relative weightings of 75 for all primary factors, 15 for all secondary factors, and 10
for all tertiary factors. The sum of all weighting factors is 100. The weighting factors for primary siting
criteria were rooted in actual costs for mainland SEGS projects which were then adjusted, to the extent
possible, to reflect Hawaiian conditions. Secondary and tertiary factor weightings resulted from our best
judgment of their relative importance. Weightings assigned to each siting factor may differ if based on
local opinion.

Kearney & Associates SEGS Assessment — State of Hawaii
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The product of the weighting factor and siting factor raw score yielded a weighted score for each of the
siting criteria. By summing the weighted siting factor scores, a cumulative relative score was obtained for
each site. Since the final scores are strongly influenced by subjective judgments, their absolute values are
less important than their use in showing the relative attractiveness of the sites. Hence, the results of the
evaluation have been used to classify the sites into three general categories: preferred, acceptable, and not
recommended.

Selection of Candidate Sites

The matrix presented in Table ES-5 summarizes the results of the site selection. The matrix contains a
unique line for each candidate site. The number immediately following the site name is the total relative
score. Each line also contains value assignments for each primary, secondary, and tertiary siting factor.
The weighting for each siting issue is included at the top of each column, immediately below the siting
factor heading. The total relative score is obtained by summing all of the weighted siting factor scores for
a particular site. The matrix also contains sub-totals for the cumulative impact of all primary siting
factors, and a sub-total for the collective impact of all secondary and tertiary siting factors.

Since the maximum raw score is 5 in all cases, and the total siting factor weighting is 100, a hypothetical
site which embodies exceptional qualities for each siting factor would produce a perfect total relative score
of 500. An average site, that is a site which had typical characteristics of a candidate SEGS site scored as
3's for every siting factor, would produce a total relative score of 300 (3 x 100). Any site which includes a
zero (0 = fatal flaw) as a score for any siting factor in the matrix is dropped from further consideration as
a SEGS site.

The importance of the results of this site selection process is the organization of sites into several groups,
rather than a sequential ranking of absolute scores. We emphasize that the techniques employed in this
assessment rely more on subjective judgment based on experience than detailed site-specific information.
The results of the matrix have been grouped into three categories: Preferred, Acceptable, and Not
Recommended. The breakpoints chosen for these classifications are:

Preferred Total score >= 325
Acceptable 275 < Total score < 325
Not Recommended Total score <= 275.

Applying the grouping breakpoints to the candidate sites which were considered vyields the

recommendations contained in Table ES-6 and shown in Figure ES-2.

Table ES-6. Site Selection Results

Preferred Acceptable Not Recommended
Pearl Harbor Blast Zone (Oahu) North Ewa Plain (Oahu) Wailua (Oahu)
Ewa Plain (Oahu) Lualualei (Oahu) Kahuku Point (QOahu)
Waikaloa (Hawaii) Kihei (Maui) South Point (Hawaii)
Keahole Point (Hawaii) Kahului (Maui) Saddle Road (Hawaii)
Old Airport (Maui) Palaau Flat (Molokai) Lahaina (Maui)
Mana Plain (Kauai) SW/W Molokai (Molokai) Poipu (Kauai)
North Kohala (Hawaii)
Kau Desert (Hawaii)

Under the strict application of the grouping breakpoints, the North Kohala site on Hawaii would be a
preferred site. However, due to the excessive slope (10%) at that site, topography was judged to be a fatal
flaw. The Kau Desert site, also on Hawaii, was dropped from consideration since we believe that the
siting of a SEGS power plant in a National Park would be unacceptable.

Kearney & Associates SEGS Assessment — State of Hawaii
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Table ES-5. Evaluation Matrix for Candidate SEGS Sites in Hawaii

PRIMARY FACTORS SECONDARY FACTORS TERTIARY FACTORS
CANDIDATE | TOTAL insolation Topography/ Water Supply/ Land Electric SUB- ] Back | Air | Hazrd | Corsn | Biolg |Access| Labor| Legall | SUB-
SEGS RELATIVE] Geology Waste Water Use/Cost Transmission TOTAL ] Up | Qual Pool | Political] TOTAL
SITE SCORE Welght: 40 15 4 10 6 75 3 3 3 3 3 2 2 6 25
OAHU
Pear! HBZ 378 +5% 4]  <.5%(sedm} 5 UIC 4] 40K:USN 3| good(<5) 4] 306 4 2 1 3 4 4 4 2 70
N. Ewa Plal 304 -3% 3| 2-5%(clay) 3] oUIC 3] 30K 3] ok(<5) 3] 228 4 3 4 3 3 4 4 2 79
Ewa Plain 366 +5% 4] <1%(sedm) 4 uUIC 41 40K 3] ok(<5) 3] 284 4 2 3 3 4 4 4 3 82
Lualualei 280 same 3]  1%(clay) 4 oUIC 3] USN&HH 1| poor(10) 2] 214 3 3 2 3 3 3 3 2 66
Walalua 248 -10% 2! 2-5%(clay) 3| oUIC 3] 30K 3 ok(12) 2] 179 3 3 2 2 3 3 3 3 68
Kahuku Pt. 230 -15% 1] <1%(sedméclay) 4] UIC 4] 40K 31 ok(20) 2} 158 3 4 2 2 3 3 3 3 72
HAWAII
Walkoloa 350 +10% 41 2-5%(lava) 3| oUIC 3] 10K 4] good(<5) 4] 281 2 3 2 3 3 3 3 3 €9
N. Kohala 332 +20% 5| 10% (erod&stony 0O oUIC 3] 40K 3] good(<5) 4] 266 2 3 3 3 3 3 3 2 66
Keahole Pt. 347 +13% 4] 0.5-5%(lava) 3] UICINELH) 4] 40K;Hi 3| good(<8) 4] 278 2 3 2 3 4 3 3 3 72
South Pt. 266 -10% 2 2-5%(loam&lava) 3| UIC 41 S5KHH 5] poor(>25) 2] 203 2 4 2 2 3 3 3 2 63
Kau Desert 261 +10% 4] 3%(lava) 2| oUIC 2] USNP 0f ok(<5) 2] 210 2 4 2 2 1 3 3 1 61
Saddle Rd. 233 5% 2| 2-a%(loam&lava) 3| (Dry) 1] USA8HI 2| ok(18) 3] 1e7 2 4 2 4 2 3 3 2 66
MAUI
Old Alrport 334 same 3] 1-2%(loam) 4] UIC(re-use) 4] 40KHI 3| ok(<4) 3] 244 3 3 4 3 4 3 3 4 87
Kihei 304 +3% 3] 3-10%(stonyciay 2| oUIC 3] 10K 4 good(4) 41 226 3 3 4 3 3 3 3 3 78
Lihalna 266 +3% 31 6%{stony clay) 1 OUIC(GWR 21 35K 3] good(<4) 4] 197 3 3 4 2 3 3 3 2 69
Kahuful 312 -3% 31 1-3%(loam} 4 oUIC 3] 45K 3| ok(<5) 3] 240 3 3 3 3 2 3 3 3 72
KAUAI
Mana Plain 345 same 31 <S5%(sedm/sogy 5| UIC 47 TKHI 5] poor(14) 2] 273 3 4 2 2 3 3 3 3 72
Polpu 269 -10% 2| 2-3%(clay&lava) 3| oUIC(GWR 2| 10K 4] good(<4) 4] 197 3 3 2 3 3 3 3 3 72
MOLOKAI
Palaau Flat 288 same 31 1-5%(mudflats) 3 UIC 4 7K 5] cable 1] 237 3 4 2 2 2 3 2 2 61
sww 292 3% 3] 3-5%(erod&stony 2| UIC 4] 5K 5| cable 1] 222 3 4 4 3 2 3 2 2 70
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The levelized cost of electricity from a SEGS plant is determined from, among other contributions, the
projected performance and estimated capital cost of the facility. An important element affecting both of
these is the economy of scale improvements associated with increasing the size of the plant. Larger plants
lead to lower unit costs and have higher turbine efficiencies than smaller plants. The envisioned plants
located on both Oahu (80 MW) and Molokai (80-200 MW, assuming an Oahu-Molokai transmission
cable) will benefit from the economy of scale factor relative to the smaller facilities which are envisioned
for sites on Kauai, Maui, and Hawaii. This impact has not been reflected in the site selection process.

ECONOMIC ANALYSIS
Method of Analysis

A major consideration in the assessment of the SEGS viability in Hawaii is the analysis of the cost of
energy or electricity produced by the system. Comparing the electricity costs of various generating
systems is not as simple as it might first appear. To perform a meaningful comparison of SEGS system
cost to that of conventional (or even non-conventional) alternatives, we must not only specify the
assumptions in a detailed way, but we must also specify the type of analysis to be used. It is in this last
area that confusion often arises.

For purposes of this section of the report, we will use levelized nominal bus bar power costs. Our analysis
includes the following basic assumptions:

. It is assumed that the project is owned by the utility and not by an independent third party owner
or Independent Power Producer (IPP). This has financial implications (affecting the cost of debt
and equity and choice of discount rate among others) and tax implications (since utilities are not
eligible for the Federal Business Energy Tax Credit or accelerated depreciation).

. The comparisons are made using a constant capacity factor of 35% for both the SEGS and the
conventional system. It is assumed that the SEGS would achieve the 35% capacity factor by
burning additional fossil fuels and that the conventional system would be dispatched to achieve
35% capacity factor.

This comparison is not meant to be the kind of detailed analysis that a utility would use before making a
final decision on a power plant (such an evaluation would include use of a sophisticated production cost
simulation model, for example); rather, it is meant to be a screening analysis of the type that a utility
would use as a first-cut determination. The approach is to first determine the assumptions that would
place SEGS in the range of economic competitiveness and then to do more detailed analysis if
appropriate.

The analysis was carried out with a simple spreadsheet model that calculates the levelized bus bar
electricity costs (bus bar refers to the fact that we are assessing the cost of power at the plant’s bus bar as
contrasted to the cost of power delivered to any specific point on a utility system). The input consists of
key technical characteristics and economic assumptions pertinent to the utility. The model performs a
year-by-year analysis for both a SEGS and a fossil fueled plant, calculating a bus bar cost of electricity in
each year. A single annual cost of electricity is then determined which has the same net present value as
the escalating stream of annual revenue requirements. This is the levelized bus bar electricity cost.

The economic analysis assumptions that are common to all the cases considered are presented in Table
ES-7, using data supplied by HECO. The relatively high diesel fuel cost is only strictly applicable to the
islands other than Oahu, where diesel fuel is the incremental fuel source. These values were used for all
cases, however, to see if SEGS would be competitive under such favorable (for solar) assumptions.

Kearney & Associates SEGS Assessment — State of Hawaii




Executive Summary Page ES-14

Results

Table ES-8 presents the base case results for the analysis. As shown, the lowest cost SEGS configuration
(the 80 MW SEGS with a cost of $0.254/kWh) is about 28% higher in cost that the highest cost fossil
configuration (the Combustion Turbine with SCR at $0.198/kWh). A more realistic comparison (for
Oahu) would contrast an 80 MW SEGS with a 56 MW Combined Cycle, revealing the SEGS to be some
68% more expensive. Or, for a neighbor island, one could compare 2 30 MW SEGS with a 20 MW
CT/SCR, with the SEGS being some 44% more expensive. Given that these results do not appear to be
promising for SEGS, a series of sensitivity analyses were run to determine if any reasonable change in the
assumptions would alter this result.

The parameters used in the sensitivity analysis were fuel price, fuel escalation rate, Federal energy tax
credit, property tax exemption for solar facilities, a penalty on the fossil fueled options due to an
assessment on environmental externalities, SEGS cost and SEGS performance. With regard to fuel price,
the results indicate that a fuel price of $13/MMBTU (or about $78/barrel) would be required for the 80
MW SEGS to be competitive with the 70 MW CT. Alternatively, we would estimate that a SEGS capital
cost of $1,600/kW would be required for the SEGS to be competitive under base case assumptions. It was
also found that a fuel price escalation rate of 12% or more would be required for an 80 MW SEGS to be
competitive with the smallest and most expensive combustion turbine option. These rates are in contrast
to our most recent history of zero growth (and even decline) in oil prices, and would be some 7% above
assumed inflation.

Adding consideration of environmental externalities adds about a 1.5¢/kWh increase in the levelized cost
of the fossil fired options relative to the SEGS option. The property tax exemption substantially improves
the economics of SEGS, subtracting approximately 2.5-3.0¢/kWh from the levelized cost of SEGS
electricity. For an Oahu application, a SEGS would still not appear to be competitive with a combined
cycle plant for reasonable values of fuel price escalation (we calculate that a fuel price escalation rate of
about 16% would be required to make the 56 MW Combined Cycle plant more expensive than the 80 MW
SEGS including the impact of all externalities and tax benefits). For a neighbor island plant, inclusion of
environmental externalities and a property tax exemption would appear to make the 30 MW SEGS plant
competitive with the 20 MW CT/SCR assuming a fuel cost escalation rate of about 11%.

Examining the impact of the various incentives on an 80 MW SEGS, at a fuel escalation rate of 6%, the
effects on the levelized cost of electricity were found to be:

Without Hawaii ETC: $0.281/kWh
Base Case 0.271
With Federal ETC: 0.267
With Property Tax Exemption: 0.246
With both Fed ETC + Prop Tax Exemption: 0.242

Further consideration was also given to significant variations in capital cost and performance (reflected by
the capacity factor) of the SEGS plant. These results showed the following extremes:

Solar
Capital Cost Capacity Factor Levelized Electricity Cost
$2.,000/kW 0.25 $0.16/kWh
5,000 0.15 0.31

The 25% capacity factor represents the best that could be achieved in the California desert without
thermal storage. In Hawaii, a 20 % capacity factor would be excellent without thermal storage, while
higher values might be achieved with storage, but at a higher capital cost.

Kearney & Associates SEGS Assessment — State of Hawaii
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CONCLUSIONS OF THE OVERALL ASSESSMENT

Based on all aspects of this assessment, the following conclusions can be drawn regarding the viability of
SEGS plants in the State of Hawaii:

Suitable sites exist on the leeward sides of the major islands,

Electric utility resource plans point to SEGS capacities of 30 MWe or smaller (except on Oahu
for which an 80 MWe plant is suitable). Capital costs are significantly increased relative to the
latest California SEGS plants due to physical siting characteristics, shipping, taxes and labor
adjustment factors,

The solar resource applicable to SEGS plants in Hawaii is about 25-30% lower than the Mojave
Desert on an annual basis, leading to solar performance reductions possibly as high as 40-50%,

The base case economic analysis finds that SEGS plants do not currently appear to be a cost-
effective solar applications for the State of Hawaii,

Inclusion of commonly discussed incentives for renewable energy technologies such as tax
credits, property tax exemptions and incorporation of environmental externalities into
generation planning improve the economics for SEGS but do not change this conclusion,

The principal reasons for the unfavorable economic results are the higher capital costs and lower
system performance projected for SEGS plants in Hawaii, even those located in the preferred
sites. Significant capital cost reductions compared to current projections appear necessary to
alter this finding.

It is important to bear in mind that these conclusions are drawn for SEGS plants only, and do not purport
to reflect on the viability of other solar systems (such as photovoltaics) or even other solar thermal systems
(such as parabolic dish Stirling concepts or industrial process heat applications), which have different cost
and performance characteristics.

Table ES-7. Economic Assumptions Common to All Cases

Fixed Utility Parameters
(same values used for all base case analyses)
Fuel Cost (1992 Value, $/MMBtu) 4.99 (diesel)
Fuel Cost Escalation Rate, % 5.50
0O&M Cost Escalation Rate, % 5.00
Fixed Charge Rate (Before Tax Cost of Capital), % 10.48
Discount Rate, % 10.48
Property Tax + Insurance Rate, % 3.00
Utility's Federal Income Tax Bracket, % 34.00

Kearney & Associates SEGS Assessment — State of Hawaii
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Table ES-8. Economic Analysis Assumptions and Base Case Results
Parameter CT20 CT20 CT70 | CC56 | SEGS15 SEGS30 SEGS80 | SEGS200¢
w/ SCR
Unit Size (MW) 20 20 70 56 15 30 80 200
Capital Cost (1992 $/kW) 1300 1710 710 1375 5000 4420 3845 4870
Solar Output (MWh/yr) 0 0 0 0 19710 45990 126145 331130
Annual Capacity Factor (%) 35 35 35 35 35 35 35 35
Solar Capacity Factor (%) 0 0 0 0 15 17.5 8 18.9
Fuel Capacity Factor (%) 35 35 35 35 20 17.5 17 16.1
Full Load Heat Rate (Btw/kWh) 10970 10970 13045 8070 13800 11800 11500 10950
Fixed O&M Costs (mills/kWh) 23.86 31.41 12.29 32.59 99.33 90.00 81.13 76.60
Variable O&M Costs (mills’kWh) 4.06 8.28 733 3.04 0 0 0 0
State Solar Energy Tax Credit (%) 0 0 0 0 35 35 35 35
Levelized Bus Bar Electricity Cost® 0.169 0.198 0.158 0.151 0.333 0.286 0.254 0.292
($/kWh)

Notes:  a) CT - combustion turbine
b) SCR - selective catalytic combustion
¢) CC - combined cycle

d) SEGS 200 case includes $320 million ($1600/kWh) for 800 MW Molokai to Oahu cable.

Without this full cable cost, the levelized bus bar electricity cost would be $0.223/kWh.

¢) These results include the Hawaii state ETC for the SEGS cases. Without this credit, the
levelized bus bar electricity costs would be approximately 1 cent higher for the SEGS cases.

Kearney & Associates
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I. INTRODUCTION

During recent decades, the state of Hawaii has experienced rapid economic and population growth.
Consistent with these developments have been commensurate increases in the state's appetite for energy.
Hawaii, which has no local fossil fuel reserves, imports petroleum to supply over 90% of its energy needs.
The near total dependence upon this non-native energy source has rendered the state increasingly
vulnerable to the whims of the global oil market. The desire to diversify local energy supplies, coupled
with increased concerns for the environment, have instilled among residents of Hawaii an intensified
interest for the development of domestic alternative energy sources.

Spurred by the oil crisis of the early 1970's, Hawaii undertook numerous projects to produce electricity
using a diverse range of alternative energy technologies. Pilot projects evaluating geothermal, ocean
thermal, wind, solar, and biomass energy conversion were initiated during the 1970's. Aside from
biomass energy--which, as a by-product of the local sugar industry, has long been an important source of
electricity production in Hawaii--none of the technologies have yet proven to be reliable and significant
sources for electricity. Meanwhile, the state's dependence on imported oil has continued to increase.

In 1990, given the continued and growing need to develop domestic alternative energy sources, the State
of Hawaii's Department of Business and Economic Development (DBED) contracted Luz International
Limited to assess the technical and economic feasibility of their successful Solar Electric Generating
System (SEGS) technology in the Hawaiian Islands. Since 1985, Luz had developed and operated nine
large solar power plants in California's Mojave Desert. The cumulative firm capacity of the SEGS plants
which are currently in operation, 354 MW in all, represents over 90% of all of the commercial solar
electric generation in the world. The total electrical capacity of these facilities is equivalent to 19% of the
total electric capacity of the entire state of Hawaii. Following the demise of the Luz group of companies
in 1991, this assessment was continued by ex-Luz staff in order to fully utilize the experience of the SEGS
developments.

The SEGS technology was developed to provide reliable solar thermal peaking power for electric utilities
in southern California. To achieve this level of reliability, the SEGS concept incorporates a conventional
Rankine primary steam cycle, a common power cycle which is utilized by most large oil, natural gas, coal,
and nuclear power plants. Sunlight, the primary heat source for generating steam in a SEGS plant, is
concentrated and absorbed by line-focusing parabolic troughs organized into rows in a large solar array
field. Heat transport fluid (HTF) pumped through the solar field carries absorbed heat to the centrally
located power block, where a conventional steam boiler and turbine-generator convert the thermal solar
energy into electricity. For increased reliability and flexibility, an auxiliary fuel-fired heater is added to
the system to provide supplemental HTF heating when the sunshine is inadequate to provide the desired
plant output.

Hawaii has plentiful sunshine, high fuel costs, a need for new capacity, and significant concerns with
respect to environmental quality and security of its energy sources. Large-scale solar thermal plants
appear to offer an excellent solution to each of these concerns. A meaningful analysis, however, demands
a closer look. To this end, the overall SEGS assessment for Hawaii evaluates the economic and
technological potential of utility-scale solar thermal electric plants on the islands, focusing on the issues of
siting, design, utility requirements, operating characteristics, performance, and cost. It is stressed that
this study pertains to SEGS development only, and that the results herein should not be extrapolated to all
solar electric technologies. Other types of solar electric generation, such as photovoltaics or Stirling
engine-parabolic dish systems, are governed by somewhat different criteria and their potential success in
Hawaii must be evaluated under the circumstances applicable to their respective technology.

Kearney & Associates SEGS Assessment — State of Hawaii
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Assessment Methodology And Report Organization

The assessment was carried out by first examining the utility needs on the major islands through a
categorization of installed capacity, power purchase commitments and resource planning. Next, an
evaluation of SEGS technology for Hawaii yielded capital costs estimates for Hawaii conditions, as well as
electrical generation performance projections based on a careful evaluation of potential solar resources on
the major islands. In parallel, preferred SEGS sites were identified based on an appraisal of numerous
siting issues. Lastly, a preliminary economic analysis of levelized electricity costs was made to compare
SEGS plants in Hawaii with conventional electric generation options. Figure I-1 illustrates this
integration of the various issues into a unified assessment of the value of SEGS technology in Hawaii.

This report follows the sequence of steps described above. First, the utility demand requirements are
described in Section II, leading to a selection of suitable SEGS capacities for different utilities. Next,
Section III reviews SEGS design features, including performance and cost estimates for Hawaiian
conditions. Section IV reviews siting criteria and develops a matrix of potential sites, ending with
recommendations for preferred sites. Based on these various components, Section V evaluates the cost of
electricity from a utility viewpoint. Finally, a set of conclusions are presented in Section VI

Figure I-1. Features of the SEGS Assessment
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II. UTILITY REQUIREMENTS

BACKGROUND

The purpose of this section is to evaluate Hawaiian electric utility requirements and to examine the
general suitability of solar thermal power plants to meet the future needs of electric utilities in Hawaii.
Since the islands of Hawaii are not electrically interconnected, determination of the applicability and cost-
effectiveness of SEGS must be conducted on an island-by-island basis. For each island, the resident
utility's current system and future needs for new capacity are examined.

The prospect of future inter-island electric transmission introduces expanded opportunities for SEGS.
Recent utility studies which examined inter-island cables in conjunction with specific generation projects
have not proven feasible for the near term. Consistent with these findings, SEGS scenarios involving
inter-island transmission are identified in this report as possible future options but are not evaluated in
depth.

A major consideration influencing SEGS economics is the optimum size of the plant. Economies-of-scale
applicable to both capital cost and operation and maintenance requirements result in increased cost-
effectiveness for the larger plants. The 80 MWe plant capacity chosen for recent mainland projects may
well be too large for all but Oahu applications. If neighbor island utilities are restricted to use of smaller
unit sizes, such plants will have to bear the economic penalty of reduced economies-of-scale.

Kearney & Associates SEGS Assessment — State of Hawaii
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CHARACTERIZATION OF THE STATE'S UTILITIES
Overview

There are effectively two electric utility companies in the state of Hawaii: Hawaiian Electric Industries,
Inc. (HEI) and the Kauai Electric Division of Citizens Utilities Company (KE). Kauai Electric provides
electric service to the island of Kauai. With the exception of Niihau which has no electric utility service,
the rest of the inhabited islands of the Hawaiian chain have their electrical demand supplied by HEI
utilities. Hawaiian Electric Industries is a holding company for electric utilities which serve Oahu
(Hawaiian Electric Company), Maui (Maui Electric Company), and Hawaii (Hawaii Electric Light
Company). Molokai Electric Company, which serves the small rural population on the island of Molokai,
was recently added to the HEI system as a division of Maui Electric Company. Maui Electric also
maintains a division on the island of Lanai.

Since there are currently no inter-island electric transmission facilities in the state, each island in Hawaii
is electrically isolated and presents unique development opportunities for SEGS power plants. Each
subsidiary electric company and individual island electric division within the HEI utilities system will be
treated hereafter as a separate entity.

The following section provides a characterization of the respective electric entities in Hawaii. Efforts have
been made to make this information as current as possible. The possibility exists that some
inconsistencies may be present since different sources have been used. The format includes a
comprehensive listing of utility-owned installed capacity as well as firm purchase power contracts with
non-utility power producers. These two items represent the total installed firm capacity available to a
utility.

It is noted that a substantial component of the electricity generated in Hawaii is purchased power from
both conventional and renewable energy sources. Much of this generation is non-firm power. Although
significant from an energy standpoint, non-firm power cannot be scheduled dependably and therefore is
not reflected in the totals for dispatchable generation capacity. When available, the annual energy
contributed by major non-firm power producers has been appended to the table of firm purchase power
contracts. Historically, the majority of purchased power in the state is from the burning of bagasse (sugar
wastes) by sugar processing mills. The current ratios of total purchased power (firm + non-firm) to total
net electric generation range from about 12% on Maui and Oahu, to over 25% on Hawaii and Kauai.

Additional materials presented for each utility in this section include a system transmission map and
figures depicting utility peak demand by month and typical daily summer and winter load profiles. The
monthly peak demand plots presented for each utility are based on actual data for Kauai (1991) and
projected data for Oahu (1990), Maui (1990), Hawaii (1990) and Molokai (1991). The typical load
profiles are based on average hourly weekday data for a representative summer month (August for KE,
July for all others) and winter month (November for KE, December for all others). Typical daily load
profiles for weekends, which are not presented here, are similar in shape but exhibit a lower daily peak
than the counterpart weekday profiles which are presented. The degree to which weekend peaks are lower
than weekday peaks generally ranges from about 5-15% for all utilities.

Kearney & Associates SEGS Assessment — State of Hawaii
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HAWAIIAN ELECTRIC COMPANY (HECO)
Description

Hawaiian Electric Company (HECO) serves the electric needs of the island of Oahu and is the largest
electric utility in Hawaii. While HECO affiliates provide electric service for the majority of the rest of the
state, the information presented herein for HECO is restricted to the island of Oahu. Honolulu, the only
major city in the state, provides HECO with industrial and commercial electric loads not widely
represented on the other islands. The congested Waikiki-Diamondhead area, with its vast number of hotel
rooms and extremely high real estate values, poses special problems for electric distribution and little
opportunity for proximate generation facilities.

Hawaii's petro-chemical industries are located in southwestern Oahu. The majority of HECO's electric
generation facilities are located in this general area and utilize petroleum products as fuel. Electric
generation on the eastern (Diamondhead) side of Oahu would be desirable. A HECO system transmission
map, included as Figure II-1, shows the utility's transmission network and existing power plant sites.
Table II-1 describes HECO's installed capacity while Table II-2 summarizes the utility's firm purchase
power contracts.

Discussion of Load Profiles

With moderate year-round temperatures, electric usage patterns on Oahu change little over the course of
the year. In contrast to mainland utilities whose seasonal load fluctuations are principally driven by
climate control equipment, electric demand fluctuations in Hawaii are attributable to rather subtle
seasonal changes in lifestyle. The modest space heating and air conditioning loads on Oahu are mainly
limited to hotels and large commercial spaces. Principal residential loads are water heating, refrigeration,
cooking, and lighting.

HECO's summer diurnal demand profile of Figure II-2 shows a rapid increase in demand during the
morning hours, as Oahu's citizens arise and go to work. The load remains quite flat over the course of the
day, drops off after 4 p.m. as offices start to close, then bumps up by about 30 MW (3%) briefly in the
early evening reflecting increased electrical usage associated with the preparation and clean-up of the
evening meal. The profile is strikingly similar in winter, except that the magnitude of the relatively
constant daytime demand is about 50 MW (5%) lower, partially attributable to lower air conditioning
requirements, and that the evening "dinner time" peak is broader and more pronounced — a 110 MW
(11%) spike lasting 2-3 hours. The increased evening demand evident in winter is driven by the shorter
winter day length, which influences many residents of Hawaii to eat earlier and on a more routine
schedule. In summer, residents are afforded more recreational opportunities and the lessened summer
evening demand spike reflects a greater flexibility in lifestyle during the longer summer days.

HECO's monthly peak demand, which varies by less than 15% over the entire year, has been plotted in
Figure II-3 so as to magnify month-to-month fluctuations. Highest demand occurs in November and
December when early evening holiday season activities such as parties and shopping combine with
elevated "dinner time" peaks. Among the more unusual sources of increased fall/winter demand identified
by HECO in recent years was the discernable increase in demand which coincided with the telecast of a
popular TV program in Hawaii — ABC's Monday Night Football. Since Hawaii's primary industry,
tourism, is strong year round, it does not greatly influence seasonal fluctuations in demand. The reduced
electric peaks occurring in spring are thought to be attributable to the milder temperature and humidity
ranges which prevail during these months.

Kearney & Associates SEGS Assessment — State of Hawaii
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Table II-1  HECO Current Installed Capacity: Total = 1260 MW*

Location-Type-Unit (year installed) Fuel Unit MW Type MW Location MW
Honolulu (on Honolulu Harbor) 116
Steam Turbines 116
Unit 8 (1954) LSFO** 58
Unit 9 (1957) LSFO 58 (57
Waiau (Pearl City) 502
Steam Turbines 400
Unit 3 (1947) LSFO 50 (49)
Unit 4 (1950) LSFO 50 (49)
Unit 5 (1959) LSFO 58 (57)
Unit 6 (1961) LSFO 58
Unit 7 (1966) LSFO 92
Unit 8 (1968) LSFO 92
Combustion Turbines 102
Unit 9 (1973) Diesel**~ 52
Unit 10 (1973) Diesel 50
Kahe (Waianae) 659
Steam Turbine 659
Unit 1 (1963) LSFO 92
Unit 2 (1964) LSFO 90
Unit 3 (1970) LSFO 92
Unit 4 (1972) LSFO 93 (2)
Unit 5 (1974) LSFO 146 (142)
Unit 6 (1981) LSFO 146 (142)

* HECO's total installed capacity as of 3/31/92, reflecting rccent derating of many of HECO's older turbines (partial
information supplied by HECO on 6/1/92 has been included parenthetically above); the listing above was current
as of April 1991 but does not reflect the derated values of individual units, hence, the arithmetic sum (1277 MW) of
the units listed above is erroneous and overstates HECO's capacity by 17 MW.

** LSFO = Low Sulfur Fuel Oil (equivalently: No. 4 Fuel Oil)

** Diesel (equivalently: No. 2 Fuel Qil)

Sources: HECO 1990 Electric Utility System Cost Data, July 1990; HECO Resource Plan 3/31/92; HECO

correspondence April-july 1992

Table II-2. HECO Currently Effective Firm Purchased Power Contracts: Total = 360 MW

Name (Location) Fuel Firm MW GWh/yr
Firm:
Kaleaeloa Partners(Barber's Point) LSFO 180
AES (Barber's Point) LS Coal 180
Kearney & Associates SEGS Assessment — State of Hawaii
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MAUI ELECTRIC COMPANY (MECQO)
Description

Maui Electric Company provides electric service for Maui County. The island of Lanai is served by
MECO's Lanai Division, while Molokai is served by MECO's Molokai Division. The remaining island in
Maui county, Kahoolawe, is uninhabited and has no electric service. This sub-section will be restricted to
MECO's operations on the istand of Maui. MECO's Molokai Division will be treated as a separate sub-
section; discussion of the Lanai Division will be limited to a listing of current installed capacity and a
mapping of the island's electric distribution system.

A map of MECO's transmission system on the island of Maui is included as Figure II-4. The island of
Maui is composed of two shield volcanos connected by a flat isthmus. Much of the island's population,
industry, and agriculture are located in this flat area between the volcanos. MECO's two electric
generation facilities are located on opposite sides of the isthmus at Kahului and Maalaea. Table II-3
describes MECO's installed capacity at these locations while Table II-4 summarizes the utility's firm
purchase power contracts.

The West Maui coast and the Kihei area on the western shores of Haleakala have experienced dramatic
load growth over the past 20 years due to major development of the tourist industry. Future generation
additions in these areas would be desirable.

Discussion of Load Profiles

Maui exhibits electric usage patterns which are very similar to those discussed for Oahu (HECO).
Although Maui has a greater range in elevation and climate, the vast majority of Maui's residents live at
elevations which embody climates similar to those found on Oahu. Similar to HECO, MECO's diurnal
demand profiles reflect increased electrical usage associated with dinner (Figure II-5). The evening
"dinner time" spike in winter is about 17 MW (13%) while in summer it is only about 5 MW (4%). The
relatively constant daytime demand is nearly identical in both summer and winter, perhaps reflecting less
commercial air conditioning loads on Maui than on Oahu. MECO's monthly peak demand varies by 15%
over the entire year (Figure II-6). The highest demand occurs during the December holiday season while
the lowest demand occurs in May.

Kearney & Associates SEGS Assessment — State of Hawaii
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TablelI-3 MECO Current Installed Capacity: Total = 143.31 MW

Location-Type-Unit Fuel Unit MW Type MW Location MW
Kahului Harbor Generating Plant 37.60
Steam Turbines 37.60

Unit 1 MSFO* 5.90

Unit 2 MSFO 6.00

Unit 3 MSFO 12.70

Unit 4 MSFO 13.00
Maalaea 105.71

Diesel Plants 105.71

Unit 1 Diescl 2.75

Unit 2 Diesel 2.75

Unit 3 Diesel 2.75

Unit 4 Diesel 6.16

Unit 5 Diesel 6.16

Unit 6 Diesel 6.16

Unit 7 Diesel 6.16

Unit 8 Diescl 6.16

Unit 9 - Diesel 6.16

Unit 10 Diesel 13.75

Unit 11 Diesel 13.75

Unit 12 Diesel 13.75

Unit 13 Diesel 13.75

Unit X1 Diesel 2.75

Unit X2 Diesel 2.75

* MSFO = Medium Suifur Fuel Oil (equivalently: No. 6 Fuel Oil, Bunker C, Residual, Industrial)
Source: MECO 1990 Electric Utility System Cost Data, July 1990

TableII4 MECO Currently Effective Firm Purchase Power Contracts: Total = 12 MW

Name (Location) Fuel Firm MW GWh/vyear
Firm:
Hawaiian Commercial & Sugar (Keahua) - bagasse 12 -
Not-Firm:
Hawaiian Commercial & Sugar (Keahua) bagasse 4 (standby) -
Pioneer Mill Company (Lahaina) bagasse 8 (standby) -

Kearney & Associates SEGS Assessment — State of Hawaii
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MECO, MOLOKAI ELECTRIC DIVISION (MOECO)
Description

Molokai Electric Company, which became a division of Maui Electric Company in 1989, supplies
electricity to the predominantly rural population on the island of Molokai. Although the island's economy
has been depressed for many years, there is nevertheless strong opposition to extensive resort development
which has proliferated in other areas. MOECO's electric rates are the highest in Hawaii. Table II-5
describes MOECO's installed capacity while Table II-6 summarizes the utility's purchase power contracts.
Figure II-7 presents a map of the transmission system on Molokai.

Discussion of Load Profiles

In spite of its small population and intrinsically rural character, Molokai's electric demand profiles are
quite similar to those presented for Oahu (HECO). MOECO's diurnal demand profiles (Figure II-8) are
relatively flat throughout the day, then reflect increased electrical usage associated with dinner. The
evening "dinner time" spike in winter is over 1 MW (25%) and is evident for 4-5 hours. In summer,
elevated evening demand is only about 0.3 MW (8%). The relatively constant daytime demand is nearly
identical in both summer and winter. This fact reflects the near total absence of climate control loads on
Molokai. MOECO's monthly peak demand (Figure II-9) varies by 20% over the entire year and clearly
reflects the usage trends of the dominant residential sector. Seasonal lifestyle changes associated with day
length impact the relative "dinner time" peak which drives the peak demand throughout the year.
MOECO's highest demand occurs during the November-December holiday season (shortest days of year)
while the lowest demand occurs during the mid-summer months of June and July (longest days of year).

TableII-5 MOECO Current Installed Capacity: Total = 7.7 MW

Location-Type-Unit Fuel Unit MW Type MW Location MW
Palaau 7.70
Diesel Plants 5.49
Unit 1 Diesel 129
Unit 2 Diesel 1.29
Unit 3 Diescl 0.97
Unit 4 Diesel 0.97
Unit 5 Diesel 0.97
Gas Turbine 2.20
Unit 1 Diesel 2.20

Source: HECO System Planning Department, May 1, 1991

TableII6 MOECO Currently Effective Firm Purchase Power Contracts: Total = 0 MW

Name (Location) Fuel Firm MW GWh/vear
Firm:
None . - -
Not-Firm:
Various - - 115

Kearney & Associates SEGS Assessment — State of Hawaii
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MECO, LANAI DIVISION
Description

The island of Lanai, also known as “Pineapple Island®, is almost entirely owned by Castle and Cooke, Inc.
(Dole Pineapple Company). In 1988, Dole sold their electric generation facilities to Maui Electric
Company. Since that time, resort developments on Lanai have been planned. MECO, expecting
substantial increases in electric demand, responded by adding one additional diesel plant at Miki. Current
plans call for the old Lanai City Plant to be gradually retired. Lanai's topography, small electric demand,
and current over-capacity do not lend themselves to significant SEGS opportunities. Further discussion of
Lanai will be limited to a listing of current installed electric generation (Table II-7) and presentation of a
system distribution map (Figure I1-10).

Table II-7 MECQ, Lanai Division , Current Installed Capacity: Total =9.71 MW

Location-Type-Unit Fuel Unit MW Type MW  Location MW
Lanai City 3.71
Diesel Plants 3.71
Unit 1 Diesel 0.68
Unit 2 Diesel 0.68
Unit 4 Diesel 0.35
Unit 7 Diesel 1.00
Unit 8 Diesel 1.00
Miki 6.00
Diesel Plants 6.00
Unit 1 Diesel 1.00
Unit 2 Diesel 1.00
Unit 3 Diesel 1.00
Unit 4 Diesel 1.00
Unit 5 Diesel 1.00
Unit 6 Diesel 1.00

Source: HECO System Planning Department, May 1, 1991

Kearney & Associates SEGS Assessment — State of Hawaii
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HAWAII ELECTRIC LIGHT COMPANY (HELCO)
Description

Electric service for the island of Hawaii is provided by the Hawaii Electric Light Company. The "Big
Island" of Hawaii comprises nearly two-thirds of the state's land mass. Accordingly, HELCO's service
territory is by far the largest in the state. HELCO's system transmission network is depicted in Figure II-
11. Table II-8 describes HELCO's installed capacity while Table II-9 summarizes the utility's firm
purchase power contracts.

The major population center of Hilo, a seaport on the island's rainy eastern side, hosts the majority of
HELCO's generation facilities. In recent years, the sunny Kona coast on the island's western side has
experienced substantial electric load growth due to increased tourism. Localized load growth, the
relatively extensive nature of the island's transmission network, and problems in getting the 25 MW Puna
Geothermal Venture on line have combined to strain HEL.CO's current ability to provide electric service
without occasional brownouts and blackouts.

Discussion of Load Profiles

Although the Big Island has a greater range of climatic conditions than Oahu, HELCO's electric demand
profiles are nonetheless quite similar to those presented for HECO. HELCO's diurnal demand profiles
(Figure II-12) are relatively flat throughout the day, then reflect increased electrical usage associated with
dinner. The evening "dinner time" spike in winter is over 25 MW (23%) and is evident for 4-5 hours. In
summer, elevated evening demand is less than 10 MW (9%). There is a slight difference in nighttime
demand between summer and winter of about 5 MW (6%). High elevation areas on the Big Island get
cold enough on winter nights to require heating. Higher winter nighttime demand is thought to reflect
this requirement through winter electric space heating loads.

HELCO's monthly peak demand (Figure II-13) varies by about 15% over the entire year. Like Molokai,
monthly peak demand patterns clearly reflect the usage trends of the residential sector. Seasonal lifestyle
changes associated with day length impact the relative "dinner time" peak which drives the peak demand
throughout the year. HELCO's highest demand occurs during December (shortest days of the year) while
the lowest demand occurs in June (longest days of the year).

Kearney & Associates SEGS Assessment — State of Hawaii
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Table II-8 HELCO Current Installed Capacity: Total = 135.4 MW
Location-Type-Unit Fuel Unit MW Type MW Location MW
Hilo Area (Shipman, Kanoclehua, Puna) 91.65
Steam Turbines (Shipman, Kanoelehua, Puna) 71.40
Shipman 1 MSFO 340
Shipman 3 MSFO 7.50
Shipman 4 MSFO 7.50
Hill 5 MSFO 14.00
Hill 6 MSFO 23.00
Puna MSFO 16.00
Combustion Turbine (Kanoelehua) 10.00
CT Number 1 Diesel 10.00
Diesel Plant (Kanoelehua) 10.25
Diesel 11 Diesel 2.00
Diesel 15 Diesel 2.75
Diesel 16 Diesel 2.75
Diesel 17 Diesel 275
Wiamea 11.25
Diesel Plants 1125
Diesel 8 Diesel 1.00
Diesel 9 Diesel 1.00
Diesel 10 Diesel 1.00
Diesel 12 Diesel 2.75
Diesel 13 Diesel 2.75
Diesel 14 Diesel 2.75
Keahole 32.50
Diesel Plants 16.50
Diesel 18 Diesel 2.75
Diesel 19 Diesel 2.75
Diesel 20 Diesel 2.75
Diesel 21 Diesel 2.75
Diesel 22 Diesel 2.75
Diesel 23 Diesel 2.75
Combustion Turbine 16.00
CT Number 2 Diesel 16.00
Source: HELCO 1990 Electric Utility System Cost Data, July 1990
Table II-9 HELCO Firm Purchase Power Contracts: Total 28 MW
Name (Location) Fuel Firm MW  GWh/vear
Firm:
Hilo Coast Processing bagasse 18 875
Hamakua Sugar Company bagasse 10 62

Kearney & Associates

SEGS Assessment — State of Hawaii
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Figure II-12 HELCO Typical Daily Load Profiles by Season (based on projected 1990 data)
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KAUAI ELECTRIC DIVISION OF CITIZENS UTILITIES COMPANY (KE)
Description

Kauai Electric Division of Citizens Utilities Company, is the only electric utility in Hawaii which is not a
member of the HEI utilities system. Kauai Electric provides electric service to the island of Kauai. KE's
system transmission map is presented in Figure II-14. As Table II-10 describes, KE has only one power
plant located at Eleele (Port Allen). This generation is supplemented by numerous purchase power
agreements (summarized in Table II-11). The coastal areas in northern and western Kauai, particularly
Princeville, Poipu and Lihue, have experienced significant recent growth due to resort development.

Discussion of Load Profiles

The electric demand profiles (Figure I1-15) for Kauai are quite similar to those discussed for Oahu
(HECO) — flat daytime usage and increased winter month peak demand reflecting more substantial
winter "dinner time" peaks. KE's plot of peak demand by month (Figure II-16) is somewhat distorted
compared to long-term average conditions due to a major new load which came on line during October
1990.

Table II-10 KE Current Installed Capacity: Total = 96.55 MW

Location-Type-Unit (year installed) Fuel Unit MW Type MW Location MW
Port Allen Generating Plant (Eleele) 96.55
Diesel Engine 43.65
Diesel 1 EMD (1964) Diesel 2.00
Diesel 2 EMD (1964) Diesel 2.00
Diesel 3 EMD (1968) Diesel 2.75
Diesel 4 EMD (1968) Diesel 2.75
Diesel 5 EMD (1968) Diesel 2.75
Diesel 6 SWD (1990) Diesel 7.85
Diesel 7 SWD (1990) Diesel 7.85
Diesel 8 SWD (1991) Diesel 7.85
Diesel 9 SWD (1991) Diesel 785
Steam Turbine 10.00
Steam Plant CE (1968) MSFO 10.00
Gas Turbine 4290
Hitachi #1 (1973) Diesel 19.20
Brown #2 (1977) Diesel 23.70

Source: Denny Polosky (KE Director of Planning and Regulatory Affairs, April 9, 1992)

Table II-11 KE Firm Purchase Power Contracts: Total = 12 MW

Name (Location) Fuel Firm MW GWh/year
Firm:
Lihue Power Plant (Lihue) bagasse 12 70-82
Not-Firm: