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Glossary of Terms

Ancillary Services: Servicesin addition to electrical energy required by the grid system
operator to maintain proper functioning and reliability of the grid.

Atmospheric Fluidized Bed Combustion: See Fluidized Bed Combustion.

Avoided Cost: The cost a utility would incur to supply additional electricity wereit not
for the existence of an independent power source. Avoided cost rates have been used to
establish the power purchase price utilities offered to independent suppliers.

Baseload Power Generation: A power generating facility that isintended to run at near
full-load capacity when available. Typically such units are the generating units with
the lowest production cost and may include large coal and nuclear plants.

Biomass: Any material of relatively recent biological origin.

British thermal unit (Btu): The standard unit for measuring quantity of heat energy,
such as the heat content of fuel. It isthe amount of heat energy necessary to raise the
temperature of one pound of water one degree Fahrenheit.

Capacity: Theload for which a generating unit, generating station, or other electrical
apparatusis rated either by the user or by the manufacturer.

Capacity Factor: The ratio of the electrical energy produced by a generating unit for the
period of time considered to the electrical energy that could have been produced at
continuous full-power operation during the same period.

Capital Cost: Asrelated to power plants, the cost of equipment, construction and other
related fixed costs that may be capitalized and are associated with power plant
development.

Combined cycle: A combustion turbine install ation using waste heat boilers to capture
exhaust energy for steam generation.

Commercial operation date: The date at which aplant is substantially completed, has
passed any required testing and is otherwise declared ready to delivery capacity and
energy to the grid.

Debt servicereserve fund: An amount of money required to be set aside in areserve
account to cover debt payments in the event that the project and other revenues are
insufficient to make debt payments.

Demand: Therate at which electric energy is delivered to or by a system, part of a
system, or apiece of equipment. It isexpressed in kilowatts, kilovoltamperes or other
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suitable unit at a given instant or averaged over any designated period of time. The
primary source of "Demand"” is the power-consuming equipment of the customers.

Dispatch: Direction for the plant to commence, continue, increase, decrease or cease the
delivery of eectricity supplied to the interconnection point.

Dispatchable Resources: A generation resource that is controlled by a system operator
or dispatcher who can increase or decrease the amount of power from that resource as
the system requirements change.

Distributed Generation: A relatively small amount of generation located on a utility®
distribution system for the purpose of meeting local (substation level) peak loads and/or
displacing the need to build additional (or upgrade) local distribution lines.

Energy Charge: The billing component linked to kilowatt-hours consumed and the
variable cost of producing energy.

Escalation: therate of growth applied to a present value to determine the future value of
theitem. Itisequal to the expected inflation rate times any real price effects.

Federal Energy Regulatory Commission (FERC): An independent regulatory
commission within the U.S. Department of Energy that has jurisdiction over energy
producers that sell or transport fuels for resale in interstate commerce; the authority to
set oil and gas pipeline transportation rates and to set the value of oil and gas pipelines
for ratemaking purposes; and regulates wholesale el ectric rates and hydroel ectric plant
licenses.

Fixed O& M: Operating and maintenance costs associated with a generating facility that
do not vary with the output of the facility. Such costs typically include staffing,
insurance, rents, etc. For comparison purposes, these costs are often expressed as an
annual expenditure per unit of capacity ($/yr-kW).

Fluidized Bed Combustion: A process for burning one or more fuelsin a hot bed of
bubbling or circulating inert material. The process can allow greater fuel flexibility and
In-situ emissions reduction.

Fossil Fuel: Qil, coal, natural gas or their by-products. Fuel that was formed in the earth
in prehistoric times from remains of living-cell organisms.

Fuel Cells: One or more cells capable of generating an electrical current by converting
the chemical energy of afuel directly into electrical energy. Fuel cells differ from
conventional electrical cellsin that the active materials such as fuel and oxygen are not
contained within the cell but are supplied from outside.
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Generation: Thetotal amount of electric energy produced by the generating unitsin a
generating station or stations measured at the generator terminals, usually expressed in
terms of kilowatt-hours.

Geothermal: Asused at electric utilities, hot water or steam extracted from geothermal
reservoirs in the Earth®crust that is supplied to steam turbines at el ectric utilities that
drive generators to produce el ectricity.

Giga: Onebillion.
Greenfield: An undeveloped power plant site.
Grid: Thelayout of an electrical distribution system.

Heat rate: A measure of generating station thermal efficiency, generally expressed in
Btu per net kilowatt-hour. It is computed by dividing the total Btu content of fuel
burned for electric generation by the resulting net kilowatt-hour generation.

Heating value: The amount of heat produced by the complete combustion of a given
amount of fuel. Can be expressed as higher heating value (HHV) or lower heating
value (LHV).

Hor sepower (HP): A unit for measuring the rate of doing work. One horsepower equals
about three-fourths of akilowatt (745.7 watts).

Independent Power Producer (IPP): A wholesale electricity producer (other than a
qualifying facility under the Public Utility Regulatory Policies Act of 1978), that is
unaffiliated with the area franchised utility. Unlike traditional utilities, IPPs do not
possess transmission facilities that are essential to their customers and do not sell power
in any retail service territory where they have afranchise.

I nterconnection: A connection between two electric systems permitting the transfer of
electric energy in either direction.

Levelized cost: The cost of building and operating a power plant over its economic life
stated in terms of asingle, cost per year or cost per MWh (or kWh). The present worth
of the yearly levelized costs are equal to the present worth of the variable cost streams
and therefore economically correct decisions can be made by comparing the single
levelized cost figures.

Internal Combustion Engine: An enginein which fuel isburned inside the engine. A
car®@gasoline engine or rotary engine is an example of an internal combustion engine. It
differs from engines having an external furnace, such as a steam engine.

Kilovolt (kV): One-thousand volts (1,000). Distribution linesin residential areas usually
are 12 kV (12,000 volts).
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Kilowatt (kW): One thousand watts of electricity (See Waitt).
Kilowatt-hour (kWh): One thousand watt-hours (see Watt-hour).

L andfill Gas: Gas generated by the natural degrading and decomposition of municipal
solid waste by anaerobic microorganisms in sanitary landfills. The gases produced,
carbon dioxide and methane, can be collected by a series of low-level pressure wells
and can be processed into a medium Btu gas that can be burned to generate steam or
electricity.

Load Factor: A percent indicating the difference between the electrical energy a
consumer used during a given time span and the amount that would have been used if
the usage had stayed at the peak demand level during the entire period. .The term aso
Is used to mean the percentage of capacity of an energy facility (such as power plant or
gas pipeline) that is utilized in a given period of time.

Marginal Cost: The changein cost associated with a unit change in quantity supplied or
produced.

Megawatt (MW): One million watts of electricity (See Watt).
M egawatt-hour (MWH): One million watt-hours of electricity (See Watt-hour).

Microturbine: A miniature combustion turbine, similar in concept to the larger gas
turbines used in conventional utility power plants. Whereas large gas turbines rang
from 20,000 to over 200,000 kW, microturbines range from 25 to 400 kW.

Municipal Solid Waste: Locally collected garbage, which can be processed and burned
to produce energy.

Net Plant Capacity: The instantaneous peak dependable output of an electricity
generating plant minus any internal electricity consumption (e.g., electricity used to
power pumps, fans, etc. needed to run the facility). Typically measured in kilowatts or
megawatts.

Net Plant Heat Rate: See Heat Rate. A measure of the fuel efficiency of a power
generation station based on the Net Plant Capacity.

Nitrogen oxides (NOx): Gases formed in great part from atmospheric nitrogen and
oxygen when combustion takes place under conditions of high temperature and high
pressure; considered amajor air pollutant.

Operation and Maintenance (O& M) Cost: Operating costs are associated with the
dispatch and operation of a power facility (i.e., consumables, water, ash disposal).
M aintenance expenses are that portion of expenses consisting of labor, materials, and
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other direct and indirect expenses incurred for preserving the operating efficiency or
physical condition of utility plants that are used for power production, transmission,
and distribution of energy.

Parabolic Dish: A high-temperature (above 180 degrees Fahrenheit) solar thermal
concentrator, generally bowl-shaped, with two-axis tracking.

Parabolic Trough: A high-temperature (above 180 degrees Fahrenheit) solar thermal
concentrator with the capacity for tracking the sun using one axis of rotation.

Peak demand: The highest demand level occurring during a specified period of time.

Pulverized coal (PC): A finely ground form of coal used in many boiler applications.
There are various pulverizer technologies that can be used.

Rankine Cycle: The steam-Rankine cycle employing steam turbines has been the
mainstay of utility thermal electric power generation for many years. The cycle, as
developed over the years uses superheat, reheat and regeneration. Modern steam
Rankine systems operate at a cycle top temperature of about 1,073 degrees Celsius with
efficiencies of about 40 percent.

Refuse Derived Fuel (RDF): Fuel processed from municipal solid waste that can bein
shredded, fluff, or densified pellet forms.

Reliability: A measure of system or plant performance in terms of the continued
operation of aplant or the supply of electricity at the proper voltage and frequency.

Renewable Energy Source: An energy source that is regenerative or virtually
inexhaustible. Typical examples are wind, geothermal, and water power.

Self-Generation: A generation facility dedicated to serving a particular retail customer,
usually located on the customer® premises. The facility may either be owned directly
by the retail customer or owned by athird party with a contractual arrangement to
provide electricity to meet some or al of the customer®load.

Simple Cycle: An eectric generating technology in which electricity is produced from
one or more gas (combustion) turbines with no waste heat recovery.

Solar Energy: The radiant energy of the sun, which can be converted into other forms of
energy, such as heat or electricity.

Subcritical: A steam cycle that is designed with a main steam pressure lower than
critical pressure.

Substation: An assemblage of equipment for the purposes of switching and/or changing
or regulating the voltage of electricity.
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Sunk Cost: In economics, asunk cost is acost that has already been incurred, and
therefore cannot be avoided by any strategy going forward.

Supercritical: A steam cyclethat is designed with amain steam pressure higher than
critical pressure.

Tariff: A document, approved by the responsible regulatory agency, listing the terms and
conditions, including a schedule of prices, under which utility services will be provided.

Tipping Fee: Price charged to deliver municipal solid waste to alandfill, waste-to-
energy facility, or recycling facility.

Transmission losses: The general term applied to energy (kilowatt-hours) and power
(kilowatts) lost in the operation of an electric system. Losses occur principally as
energy transformations from kilowatt hours to waste heat in el ectrical conductors and
apparatus.

Transmission System (Electric): An interconnected group of electric transmission lines
and associated equipment for moving or transferring el ectric energy in bulk between
points of supply and points at which it is transformed for delivery over the distribution
system lines to consumers, or is delivered to other electric systems.

Turbine: A machine for generating rotary mechanical power from the energy of a stream
of fluid (such as water, steam, or hot gas). Turbines convert the kinetic energy of fluids
to mechanical energy through the principles of impulse and reaction, or a mixture of the
two.

Variable O& M: Those operating and maintenance costs that vary according to the of
plant output, such as lubricating oils, chemicals and water.

Volt: The unit of electromotive force or e ectric pressure analogous to water pressurein
pounds per square inch. It isthe electromotive force which, if steadily applied to a
circuit having aresistance of one ohm, will produce a current of one ampere.

Watt: The electrical unit of real power or rate of doing work. The rate of energy transfer
equivaent to one ampere flowing due to an electrical pressure of one volt at unity
power factor. One watt is equivalent to approximately 1/746 horsepower, or one joule
per second.

Watt-hour: Thetotal amount of energy used in one hour by adevice that requires one
watt of power for continuous operation. Electric energy iscommonly sold by the
kilowatt-hour
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List of Abbreviations

$KW.....Dollar per kilowatt

$/MBtu.Dollar per million British
thermal units

$'MWh.Dollar per megawatt hour
B S degree Fahrenheit
AQC.....air quality control

AWEA..American Wind Energy
Association

Btu........ British thermal unit
CPWC...cumulative present worth cost
CREB ....Clean Renewable Energy Bond
DG........ distributed generation

DOE ..... Department of Energy

DSM ....demand-side management

EA ... environmental assessment

EIA....... Energy Information
Administration, US DOE

EPA ...... Environmental Protection
Agency

EPC. ......engineer, procure and construct
FCR......fixed chargerate

FERC....Federa Energy Regulatory
Commission

FOM .....fixed O&M

gpm ...... gallons per minute
GW....... gigawatt
GWh.....gigawatt hour

HHYV .....higher heating value
HP...... horsepower

IDC....... interest during construction

IPP ....... Independent Power Producer
IRP ......integrated resource plan

IRS...... Internal Revenue Service

KIUC ... Kaua'i Island Utility
Cooperative

kV......... kilovolt

kKW........ kilowatt

kWh......kilowatt-hour
LFG......Landfill gas

LHYV .....lower heating value

LLC .....limited liability corporation

m/s........ meter per second
MBtu....million Btu

MSW ....Municipal solid waste

MW ...... megawatt

MWh.... megawatt-hour

NOx ...... nitrogen oxide

NPHR...Net plant heat rate

O&M ....operations and maintenance
PC......... pulverized coal

PM........ particul ate matter

PMREF ...Pacific Missile Range Facility
PTC......production tax credit

PV ... photovoltaic

RDF......refuse derived fuel

RPS ......Renewable Portfolio Standard

W/m?....watt per square meter
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1.0 Executive Summary

As with al electric utilities, the Kaua'i Island Utility Cooperative (KIUC) faces
many challenges and uncertainties in today’ s operating environment, and it must seek to
identify and capture existing opportunities if it is to provide low cost and reliable power
to its customers in an environmentally acceptable manner. Due to the isolated nature of
Kaua'i and the island’ s natural beauty, the challenges seem especially acute for KIUC in
areas such as the cost and price volatility of fossil fuel, the balance between economics
and environmental impacts, and the need to design a reliable power system that can
recover from extreme weather events.

KIUC views these and other challenges as involving key strategic issues that must
be addressed in its long-term resource planning activities, the culmination of which isthe
formal presentation of an integrated resource plan (IRP). As a cooperative, KIUC
believes it is extremely important to involve the local membership, whom are also our
customers, as well as local and state officials in the IRP development process, such that
all issues and perspectives can be understood, so that al voices can be heard, and all
reasonable solutions can be evaluated. KIUC's member-customers want future resource
decisions to achieve less reliance on fossils fuels and more reliance on renewables while
also maintaining reasonable rates and reliability. This IRP was developed to achieve
these objectives, which have been adopted as part of the KIUC Strategic Plan.

KIUC is challenged in this IRP to evaluate all options, as is required by the IRP
Framework, and then to balance the interests in a manner that is beneficial overall to
KIUC's members. Though this balancing of interests, KIUC remains very committed to
renewable energy and will endeavor to employ renewable energy in a practical sense and
while being sensitive to community concerns over the use of fossil fuels, high energy
costs, and the need for reliability.

This document contains the IRP of KIUC. This document has been prepared in
compliance with the Hawai'i Public Utility Commission (HPUC) document, “A
Framework for Integrated Resource Planning” (Framework) dated May 22, 1992. The
Framework was issued under Decision and Order No. 11630 and was written in response
to the HPUC Decision and Order No. 11523 in Docket No. 6617 that instructed each state
electrical utility to develop an IRP. HPUC’ s Framework specifies:

“The goal of integrated resource planning is the identification of the resources or
the mix of resources for meeting near and long-term consumer energy needs in an
efficient and reliable manner at the lowest reasonable cost.”
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KIUC, as a cooperative electric utility, exists solely to serve its members and
views the Framework as completely compatible with its corporate strategy and purpose,
as reflected in the KIUC mission statement:

“To provide high quality, reliable and competitively valued electric service in a
safe and environmentally responsible manner consistent with sound business practices
and the seven cooperative principles, and to improve the quality of life for our members
and for Kaua'i”

The IRP was prepared to meet the Framework requirements and the KIUC
mission statement using a systematic methodology described in detail in this document.
The major components of the IRP are summarized in the following subsections:

Overview of the KIUC IRP
System Description
Economic Parameters
Supply-side Resource Options
Demand-side Resource Options
Resource Option Screening
Detailed Economic Analysis
Plan Scoring
Recommended Expansion Plan
Five-Year Action Plan

This section summarizes the key findings in these areas.

1.1 Overview of KIUC IRP (Section 2)

Thisisthefirst IRP submitted by a utility serving Kaua'i since April 1, 1997, and
the first IRP since ownership of the Island’s utility was changed from an investor-owned
entity to a cooperative utility in 2002. The IRP has benefited from the contributions of
KIUC gteff, its consultants, the KIUC Board, and the close involvement of a public
advisory group.

KIUC has been actively engaged in making strategic decisions and conducting
studies to support the development of this IRP since 2003. The studies have covered
various topics including: energy efficiency, renewable energy, and the GenX project,
which is considered for the next capacity addition and will address the inertia issues on
the KIUC system that have historically created reliability issues. In parale with these
major studies and efforts, the KIUC staff and Board of Directors have also adopted the
KIUC Equity Management Plan and KIUC Strategic Plan. These key steps have
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provided guidance in the strategic direction of the utility and have heavily influenced the
fina IRP selection.

1.1.1 IRP Objectives

The KIUC IRP has been prepared with the aim of achieving specific and
measurable objectives that are consistent with the HPUC Framework and KIUC's
Strategic Plan. KIUC has adopted the following overall mission statement:

“To provide high quality, reliable and competitively valued electric service in a
safe and environmentally responsible manner consistent with sound business practices
and the seven cooperative principles, and to improve the quality of life for our members
and for Kaua'i.”

Achieving the KIUC mission requires a sound and thorough approach to resource
planning to ensure the appropriate integration of demand-side resources with
conventional and renewable supply-side generation. Achieving this mission requires not
only the adoption of specific and measurable objectives that provide direction for IRP
development, but also an approach to IRP development that accurately transfers the
strategic goals and objectives into the resource selection process. In 2007 the KIUC
Board updated its Strategic Plan and adopted the following strategies:

1) Safeand reliable service
2) Sustainable power supply
3) Fair and competitive rates

Supporting these strategies are a series of objectives, goals, and measurement
indicators to help KIUC track progress toward achieving the basic strategies. The IRP
methodology was specifically adopted to be consistent with the KIUC Strategic Plan and
is further described below.

1.1.2 IRP Methodology

The methodology developed for this IRP was structured to produce a resource
plan consistent with the KIUC Strategic Plan and HPUC Framework requirements. The
consistency of the IRP with the developing Hawai’'i Clean Energy Initiative is also
addressed.

The first step of the methodology was to develop a load forecast for Kaua'i. The
peak load forecast and the added capacity needed to meet KIUC's planning reserve
requirement were then compared to the firm capacity available to KIUC. This

10 December 2008 1-3 Black & Veatch



Kaua'i Island Utility Cooperative
Integrated Resource Plan 1.0 Executive Summary

comparison identified the year in which additional capacity is needed to meet KIUC's
planning criteria.

Based on the size of capacity needs, existing resources mix, and IRP objectives,
candidate resource options were identified.  These resource options included
conventional, renewable, and demand-side management options. A scoring methodology
was then developed to evaluate the viable resource options. Options were evaluated and
scored using economic (cost of energy) and non-economic factors (reliability and
sustainability). From this initial screening, a list of potentially viable resource options
emerged and was carried to the detailed economic analysis that involved developing
long-term expansion plans and production costing simulations.

In the detailed analysis, expansion plans were developed around the demand-side
and supply-side options. Additional generation was added as necessary to meet
subsequent capacity needs. For each plan, cumulative present worth costs (CPWC) were
developed and constituted the economic results. The CPWC consists of system-wide
variable costs (fudl plus variable O& M), plus incremental fixed costs associated with new
capacity additions (capital costs plus fixed O&M costs).

The plans were scored with the CPWC results and plans clearly not competitive
were eliminated from further consideration. For the remaining options, additiona plans
were developed to further optimize the expansion plans associated with each option.
Additional load growth and fuel price sensitivities were then performed for the remaining
plans. This analysis allowed the determination of those alternatives that would be robust
under awide range of future scenarios. The leading plans were then reevaluated with the
scoring system that considered economic and non-economic factors. These rankings
were used to identify the recommended expansion plan. The fina step of the
methodology was to develop an action plan to facilitate resolution of certain risks
associated with the leading options, to implement the IRP recommendations, and to
monitor progress.

Additional detail is provided on this process in the following sections.

1.2 System Description (Section 3)

The Isand of Kaua'i is the oldest of the main Hawaiian Islands and has a
population of approximately 63,000 year-round residents. The economy of Kaua'i
originally developed around the sugar industry in the late 1800's, and this industry was
also linked to the initial electrification of the island in the early 1900’s. The sugar
industry has suffered a long decline in recent decades, and the principal employer on
Kaua'i is now the tourism industry (about 40 percent of employment). Tourists add
significantly to the demands on the Kaua'i infrastructure. In 2003, there were
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approximately 18,100 visitors on Kaua'i each day, a figure approaching 30 percent of the
permanent Island population. Despite the benefits of the tourism industry, heavy reliance
on this sector does present potential drawbacks such as economic cyclicality. One of the
goals of the Kaua'i General Plan is to diversify by increasing high-tech and agricultural
employment.

KIUC isthe sole electric power utility on Kaua'i. KIUC is an electric cooperative
utility, founded in 2002 when ownership of the Island’s utility was converted to a
cooperative from an investor-owned utility named the Kaua'i Electric Division of
Citizens Communications Company. KIUC is owned by the consumer members they
serve and is governed by a board of directors elected by and from the membership. KIUC
currently operates two fossil fuel power stations, Port Allen (93.75 MW) and Kapaia
(27.5 MW), plus two hydroelectric facilities, Upper Waiahi (0.5 MW) and Lower Waiahi
(0.8 MW). The maximum generation capability of the KIUC system is 122.55 MW, of
which 121.25 MW (all but the hydro units) is considered firm capacity. KIUC aso
currently purchases approximately 5 percent of the total system energy from independent
power producers, al of which rely on renewable resources and produce energy on an as-
available basis. Finaly, KIUC offers a number of demand-side management programs
geared toward residentiadl and commercial customers. These programs encourage
conservation and the use of energy efficient products.

Despite its early historical reliance on renewable energy produced by the sugar
mills, in 2007, approximately 94 percent of Kaua'i electricity was generated from
imported fossil fuels. An important KIUC objective is to pursue sustainable energy and
to restore the Island to its history of securing energy from renewable resources. These
goals are in-line with Act 95 (2004 Hawai'i State Legislature) and modified by Act 162
(2006 Hawai'i State Legidature), Hawai'i's renewable portfolio standard (RPS). The
standard requires that 20 percent of electricity sold by 2020 be from renewable and
demand-side sources. In 2007, renewable energy resources and RPS-eligible demand
side energy savings supplied approximately 11 percent of KIUC's gross electricity
requirements.

KIUC electricity rates are relatively high due to the current reliance on diesel and
naphtha, both of which have increased in price significantly in recent years. Most
recently, the average residential energy rate was 36 centskWh in October, 2008. For
reasons related to high electricity rates and rate stability, but also as matter of security
and environmental benefit, KIUC has placed a priority on pursuing cost-effective
alternativesto fossil fuel-based conventional resources.
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1.3 Economic Parameters (Section 4)

The Economic Parameters section of the report contains a description of several
major input assumptions adopted for the economic evaluation of resource options. These
inputs include economic parameters such as the general inflation rate and finance-related
costs, the load forecast (base, high, and low cases), and the fuel forecast (base, high, and
low cases). The load forecast and fuel forecast are summarized here.

1.3.1 Load Forecast

One of the first steps of IRP development was to construct a load forecast for the
Island of Kaua'i. The adopted base case forecast was developed using an econometric
model in which energy requirements were modeled as a function of Kaua'i population,
income, and visitor population. These variables have historically shown a very strong
correlation to load growth. The base case forecast predicts that energy requirements will
increase at a 2.3 percent average annual growth rate, rising from 515 GWh of generation
in 2009 to 789 GWh in 2028. Peak demand is projected to increase from 82.0 MW in
2009 to 126.0 MW in 2028.

The peak load forecast and the added capacity needed to meet KIUC's planning
reserve requirement was compared to the firm capacity available to KIUC. While KIUC
uses two planning reserve requirement criteria, the need for capacity is being driven by
the need to meet morning peak with the largest and third largest units unavailable. The
need for additional capacity resulting from this planning reserve measure is indicated in
Table 1-1, where it is seen that additional capacity is needed on the system in 2013. The
detailed economic analysis in Section 8 evaluates how to meet this need in the most cost-
effective manner.
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Table 1-1. Base Case Capacity Balance: Morning Peak Criterion

Existing Firm| Existing Generation Less |[Morning Peak|Surplus/ (Deficit)
Generation | First and Third Largest Unit Demand of Generation
Y ear (MW) (MW) (MW) (MW)
2009 121.25 76.25 71.3 5.0
2010 121.25 76.25 72.6 3.6
2011 121.25 76.25 74.0 2.2
2012 121.25 76.25 75.5 0.7
2013 121.25 76.25 77.1 (0.8)
2014| 121.25 76.25 78.7 (2.5)
2015 121.25 76.25 80.5 4.2)
2016 121.25 76.25 82.2 (6.0)
2017 121.25 76.25 84.1 (7.8)
2018 121.25 76.25 86.0 (9.7
2019 121.25 76.25 88.0 (11.7)
2020 121.25 76.25 90.0 (13.8)
2021 121.25 76.25 921 (15.9)
2022 121.25 76.25 94.3 (18.1)
2023 121.25 76.25 96.6 (20.4)
2024 121.25 76.25 99.0 (22.8)
2025 121.25 76.25 101.5 (25.2)
2026 121.25 76.25 104.1 (27.8)
2027 121.25 76.25 106.7 (30.5)
2028 121.25 76.25 109.5 (33.3)

1.3.2 Fuel Price Forecast
KIUC's conventional power plants are fueled either by diesel or naphtha, and
these two fuels are options for several conventional options considered in this IRP. The
fuel price forecast for diesel and naphtha is therefore a critica component of the IRP.
Coal fueled power plants were not considered as an option in this IRP. The base fuel
forecast used in this IRP is listed in Table 1-2, as are the high and low fuel price
forecasts. Under the base forecast, biodiesel could have competitive economics and may
be a cost-effective means to displace imported fuel with a renewable feedstock. Thisis
key, as KIUC is currently performing tests to confirm that biodiesel can be burned in its
existing units.
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Table1-2. The KIUC Base, High, and L ow Forecastsfor Diesel and Naphtha.

Base Case High Case Low Case Base Case High Case Low Case
Y ear Diesel Diesel Diesel Naphtha Naphtha Naphtha
Cents Per Gallon
2009 274.6 277.6 274.6 220.6 223.7 220.6
2010 264.4 274.8 244.5 211.6 222.0 191.7
2011 263.7 288.0 226.5 211.0 235.3 173.8
2012 257.4 292.9 204.1 205.5 240.9 152.1
2013 257.4 307.1 184.9 205.5 255.1 132.9
2014 265.3 321.7 177.9 212.4 268.8 125.0
2015 266.1 331.4 161.5 213.1 278.4 108.5
2016 266.9 343.7 144.2 213.8 290.6 91.1
2017 276.3 361.6 145.5 222.1 307.5 91.4
2018 288.8 377.0 152.1 233.2 321.4 96.4
2019 308.6 396.4 166.9 250.6 338.5 108.9
2020 327.1 416.0 186.4 267.0 355.9 126.3
2021 334.8 434.8 181.2 273.7 373.8 120.2
2022 349.0 451.9 192.4 286.3 389.2 129.7
2023 361.7 463.6 205.0 297.5 399.5 140.8
2024 374.6 478.3 214.5 308.9 412.7 148.8
2025 392.3 493.3 231.1 324.6 4255 163.4
2026 410.7 511.8 248.2 340.8 441.9 178.3
2027 428.3 530.9 261.9 356.4 458.9 190.0
2028 446.2 553.6 276.6 372.2 479.5 202.6
$/MBtu (LHV)

2009 20.04 20.27 20.04 18.23 18.48 18.23
2010 19.30 20.06 17.85 17.48 18.35 15.85
2011 19.25 21.03 16.53 17.44 19.45 14.36
2012 18.79 21.38 14.89 16.98 19.91 12.57
2013 18.79 22.42 13.50 16.98 21.08 10.99
2014 19.36 23.48 12.99 17.55 22.21 10.33
2015 19.42 24.19 11.79 17.61 23.01 8.97
2016 19.48 25.08 10.53 17.67 24.01 7.53
2017 20.17 26.40 10.62 18.36 25.41 7.55
2018 21.08 27.52 11.10 19.27 26.56 7.97
2019 22,53 28.94 12.18 20.71 27.97 9.00
2020 23.88 30.36 13.61 22.07 29.41 10.44
2021 24.44 31.74 13.23 22.62 30.89 9.94
2022 25.48 32.98 14.04 23.67 32.16 10.72
2023 26.40 33.84 14.96 24.59 33.02 11.64
2024 27.34 34.91 15.66 25.53 34.10 12.30
2025 28.64 36.00 16.87 26.83 35.17 13.50
2026 29.98 37.35 18.11 28.16 36.52 14.73
2027 31.26 38.75 19.12 29.45 37.93 15.70
2028 32.57 40.41 20.19 30.76 39.63 16.74
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1.4 Supply-side Resource Options (Section 5)

A wide variety of potential supply-side generation resources was considered for
this IRP. Options included renewable resources and conventional alternatives. A multi-
step process was undertaken to identify the options best suited for KIUC. First, a
comprehensive list of 59 renewable, conventional, and advanced technologies that could
be considered for the KIUC system was identified. A number of options were eliminated
as they were clearly impractical for consideration on the KIUC system. Reasons for this
initial screening include technological immaturity, inappropriate size scale given KIUC's
needs, lack of resources, or other reasons that amounted to a fatal flaw and warranted
screening before the formal scoring methodology was applied.

After screening the general technology categories, the next step was to
characterize individual unit options in each technology category. Candidate units were
identified for each technology category based on the size of KIUC's capacity needs,
existing resources mix, and IRP objectives. In some cases, this process resulted in the
identification of multiple unit options for a technology category. For example, six hydro
project opportunities were identified and three different combined cycle configurations
were identified. Table 1-3 shows the unit options identified with their cost and
performance estimates. Thelist includes:

3 simple cycle peaking options

1 solar thermal/naphtha hybrid peaking option

6 base load or intermediate resource options (3 of which are renewable)
9 intermittent (wind, hydro, and solar) options

Section 5 characterizes each candidate unit option including initial estimates of
cost and performance. Estimates are based on past project-specific studies performed for
KIUC, the experience of Black & Veatch (the primary IRP consultant), vendor inquiries,
and a literature review. The preliminary estimates were used in this stage to screen the
candidate unit options to a smaller list of viable options to be considered in the IRP's
detailed production cost modeling stage. 1n some cases estimates were revised as the IRP
process proceeded; however, these changes were relatively minor and were not found to
impact the screening process. As the most promising projects identified in this IRP are
advanced toward development, additional refinement of capital cost and performance
estimates will occur. These refinements will result in updated assessments of project
feasibility, which will be checked to verify consistency with the IRP.
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Table 1-3. Supply-side Options Levelized Cost of Energy Summary.

Net Plant | Net Plant Capacit Cavital Fixed Variable First Year Levelized Cost of
Technology Option Capacity, | Heat Rate, I?gctory Co stap$/kW O&M, O&M, Fuel Cost, Enerav. ¢/kWh
MW | Btwkwh ’ SIKW-yr $MWh $/MBtu 9.

Sy Caterpillar 3600DG | 2.20 8,905 80.0% 2,782 8.6 132 19.30 25.8

& Crl‘;pDeE Caterpillar 16CM32 75 8,800 80.0% 2730 10 15.0 19.30 25.7

Wartsila 18V46 17.20 8,344 80.0% 2,056 33.6 155 19.30 245

Combined 2x1 Titan 130 355 8420 80.0% 2,760 442 7.10 17.48 229

CycleCT 1x1 Titan 130 17.37 8,611 80.0% 3,894 72.14 7.37 17.48 25.1

(é‘)’/rgte" Beé' 1x1 Wartsila18v46 | 18.60 7,726 80.0% 2,556 385 14.4 19.30 236

Biomass Direct Fired Biomass 20.00 15,400 80.0% 6,885 209 11.7 5.0 22.9

Landfill Gas Kekaha 1.60 11,500 80.0% 4,574 335 0 0.60 12.0

V\’E‘?]Sézt; Mass Burn 7.30 18700 | 70.0% 16,965 398 223 (5.10) 18.2

Wainiha 4.00 N/A 64.2% 5,880 835 0 N/A 0.4

Upper Waiahi 0.30 N/A 68.5% 0,147 127 0 N/A 136

Hydro- Wailua 6.60 N/A 28.4% 2,680 38.7 0 N/A 9.7

electric Waimea Mauka 2.90 N/A 15.4% 1,531 339 0 N/A 11.4

Puu Lua-Kitano 297 N/A 60.7% 7,760 111 0 N/A 13.1

Kitano-Waimea 4.08 N/A 47.9% 5,169 76.2 0 N/A 11.2

Wind Wind Project 105 N/A 35.0% 5,533 40.0 17.8 N/A 16.9
Solar Thermal w/ o incl.in

Solar Nephtha Hybrid 30 10,547 25.5% 7,903 200 0 i e OaM 37.1

Thermal
Sol arsg‘gg”;a' w 30 N/A 34.7% 9,453 200 0 N/A 30.9
Solar PV Kauai PV 1 N/A 28.0% 10,831 50.0 0 N/A 33.9
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1.5 Demand-side Resource Options (Section 6)

As part of the IRP process, a demand-side management (DSM) study of the 20-
year energy-efficiency potentia in the KIUC residential and commercial sectors was
undertaken in 2004 and 2005 by KEMA Inc. (KEMA). The KEMA study evaluated
energy efficiency measures in the residential and commercial sectors that it believed had
a redlistic chance of being cost-effective, based on its expertise and Kaua'i-specific
information provided by KIUC or collected by KEMA. The study included 40 residential
measures and 79 commercial measures. The economic potential was estimated using the
Total Resource Cost test based on avoided energy and capacity costs provided by KIUC.
These costs were linked to August 2004 energy costs and rates, and these were escalated
to future years in the analysis. Measures were evaluated and screened using KEMA'’s
DSM ASSYSTTM model.

KIUC staff reviewed the screened demand-side measures to develop a final list
that could be bundled into a program and carried forward to the screening analysis in the
IRP. The purpose of bundling into programs is to allow for measures targeting a similar
end use category to be implemented efficiently. While no new residential programs were
recommended due to the screening results and the degree to which existing residential
programs have penetrated the market, KIUC staff is recommending the bundling of
multiple commercial measures into a commercial DSM program which is a continuation
and enhancement of the existing KIUC commercia DSM program. In total, the
commercial DSM program will include 33 measures.

The commercial DSM program was carried forward to the detailed economic
analysis where it was fully integrated with supply-side options. Two funding levels were
evaluated and were accompanied by different assumptions about penetration, energy
savings, and peak kW reductions. Results indicated that the more aggressive commercial
program funding level, DSM-2, should be adopted and it was subsequently assumed in all
the expansion planning cases. By the twentieth year of the expansion plan, the DSM-2
commercia program is anticipated to achieve a cumulative peak reduction of 4.34 MW
and cumulative energy savings of 30,000 MWh.

1.6 Resource Option Screening (Section 7)

The large number (19) of candidate supply-side resource options was screened to
identify a short-list of options to be carried forward to the detailed economic and scoring
anaysis. The evaluation methodology used for short-list resource option selection was
developed to allow consideration of resource option costs, plus additional externalities
and attributes not directly measured in the economic analysis that KIUC deemed

10 December 2008 1-11 Black & Veatch



Kaua'i Island Utility Cooperative
Integrated Resource Plan 1.0 Executive Summary

appropriate for consideration in resource selection. The scoring categories were designed
to be consistent with the Framework requirements and the KIUC Strategic Plan. Each of
the three scoring categories was assigned a weighting value based on each category’s
importance relative to the other categories in meeting KIUC's overall objectives (see
Table 1-4).

Table 1-4. Screening Categories.

Scoring Category Per cent of Total Score
Cost of Energy (components: bus-bar cost of individual 33.3

option, rate stability, diversification of supply)

Reliability (components: disaster recovery, reliability of 333

supply, system stability, outage recovery)

Sustainability (components: infinite resource, hazardous 33.3
byproducts, harmonious coexistence, socioeconomics)

A detailed scoring methodology was developed to ensure that each candidate
resource option was scored in a fair, consistent, and transparent manner. This
methodology and the individual unit scores are described in detail in Section 7. After
scoring the resource options against each category/criterion, the composite scores for
each of the three categories were developed according to the weightings, and final
resource option scores were calculated. The weighted final scores for each option are
shown in Figure 1-1, grouped by resource type, and ranked in descending order.

Of the 19 options scored, the highest overall score was 76.9 (out of 100), achieved
by the direct-fired biomass project. This unit scores well in the rdiability and
sustainability aspects, while maintaining a reasonable cost of power. The direct-fired
biomass project was followed by the solar thermal with storage option, which scored
above 60. Nine options achieved scores between 50 and 59, and seven options scored
below 50. The 11 highest scoring options involved some level of renewable resource
utilization, though six of these options were hydro projects that would not provide firm

capacity.
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H Cost of Energy ~ m Reliability Sustainability

Solar Thermal with Storage (2)

Hydro - Waimea Mauka (6)

Hydro - Wainiha (7)

Hydro - Upper Lihue (8)

Intermittent Resources

Hydro - Kitano-Waimea (9)

Hydro - Puu Lua-Kitano (10)

Hydro - Wailua (11)

Wind Project (14)

Kauai PV (19)

Direct Fired Biomass (1)
Waste to Energy Mass Burn (3)
Landfill Gas - Kekaha (4)

. Intermediate-Baseload Resources
2x1 CC CT Titan 130 (12)

1x1 CC CT Titan 130 (13)

1x1 CC DE 18V46 (15)

Solar Thermal/Naphtha Hybrid
®)

SC DE Caterpillar 3600 DG (16)
Peaking Resources

SC DE Caterpillar 16CM32 (17)

SC DE 18V46 (18)

- 10 20 30 40 50 60 70 80 90 100

Figure 1-1. Candidate Unit Scoring Results by Category.

Generaly speaking, the lowest scoring options were the diesel engines and solar
PV projects.
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Based on the scoring methodology adopted, the nine options in Table 1-5 were
selected for the detailed expansion planning anaysis. These options were chosen to
provide a good mix of generating resources, including conventional and renewable
sources, while still generally following the final scoring results shown in Figure 1-1.

The supply-side resource options include six individual hydroelectric projects, all
of which were ranked fairly high in the screening process. For the final list of
recommended options these hydroelectric projects were treated as a single option with
representative project characteristics. To ensure a complete assessment of al options, the
best small simple cycle option and the two GenX capacity options (2x1 and 1x1
combined cycle) were aso chosen for the detailed analysis. This provides a reasonable
mix of capacity sizes, fuel sources, and generation types. Importantly, with the real
possibility that biodiesel may be a cost-effective alternative to conventional liquid fuels,
al of the units shortlisted for detailed modeling can likely be fueled with 100 percent
renewable energy.

Table 1-5. Shortlisted Candidate Unit Options.

: Overall
Option Name Ca'\a?Nt:lty Score S;ﬁiﬁ:l
(Max 100) 9
Direct-Fired Biomass 20.0 76.9 1
Hydroelectric Options 10.98 52.1-55.2 | 6,7,8,9,10,11
Kekaha Landfill Gas 1.6 58.1 4
Waste to Energy Mass Burn 7.3 60.9 3
Wind Project 10.5 45.1 14
Simple Cycle Recip. Engine (Caterpillar 3600) 2.2 43.1 16
2x1 Combined Cycle (Solar Titan) 35.5 52.0 12
1x1 Combined Cycle (Solar Titan) 17.37 49.5 13
Solar Thermal with Storage 30 66.9 2

1.7 Detailed Economic Analysis (Section 8)

In Section 8, the twelve short-listed options from Section 7 were evaluated
through a detailed economic analysis. In the detailed analysis, an expansion plan was
developed around each supply-side option using the UPLAN expansion planning and
production cost model. Additional generation was added as necessary to meet
subsequent capacity needs. For each plan, cumulative present worth costs (CPWC) were
developed and constituted the economic results. The CPWC consists of system-wide
variable costs (fudl plus variable O& M), plus incremental fixed costs associated with new
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capacity additions (capital costs plus fixed O&M costs). The fixed plus variable costs
were summed for each year and then discounted to the start of the evaluation period to
consider the time value of money. The CPWC is directly comparable among the
alternative expansion plans.

Over 100 runs have been made with UPLAN to assess the different plan options.
A deliberative approach was taken to test the unit options first by themselves, then in
groups, to determine the best units and the best combinations. When promising options
where identified, they were then combined with other options to see if the combination
resulted in improved economics. A number of the leading plans and other representative
plans were then chosen for comparison, and these are shown on the next page in Figure
1-2.

Each plan consists of one or more unit additions, with the timing of the additions
indicated by the first row in the figure. The plans are grouped (and named) around their
major functional element that distinguishes them from other plans. For example, plan #1
“Biomass’ includes a number of unit additions, but the biomass unit in 2013 is the maor
capacity addition in the near-term. Plan #7 “Biomass less Wind” is the same as plan #1
except that it does not include the wind option.

The twelve plans were modeled in UPLAN, and the CPWC for each plan was
developed. The results are shown in Figure 1-3 and indicate Plan #1 Biomass has a
CPWC of $1.576 billion and is the lowest cost plan. It is important to note that the
CPWC is close (within a few percent) for the biomass, 1x1 combined cycle, and the
biomass + 1x1 plans. This suggests that, in the end, the final selection of the preferred
expansion plan should be largely driven by non-economic factors, as described in the
next section.
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Plan # Plan Name 2009 | 2010 2011 | 2012 | 2013 | 2014 | 2015 (@6|@7(@8|@9|@0|@1|@2| @3|@4|@5|@6|@7|@8 Key
2X1 Capacity,
4 2x1 Unit unitio|  Mw
STher 2x1 Combined Cycle 2X1 35.5
5 Solar 1x1 Combined Cycle | 1X1 17.37
1X1
Distributed
5 Generation [ DirectFired Bomass | Bo | 200 |
1 Biomass
7 Biomass less Wind Solar Thermal w.
Storage S-Ther 30

8 Biomass less Mbrn

2 1x1 1X1

9 1x1less Wind v

10 1x1less MBrn v

. 1X1
3 Biomass + 1x1

Biomass + 1x1 less 1X1
11 )
wind
12 Biomass + 1x1 less 1X1
Mass Burn

Figure 1-2. Candidate Plansfor Evaluation.
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5 Solar $1.761
6 Distributed Generation

4 2x1

3 Biomass + 1x1

11 Biomass + 1x1 less wind

12 Biomass + 1x1 less Mass Burn

9 1x1 less Wind $1.606

10 1x1 less MBrn $1.603
2 1x1 $1.597
7 Biomass less Wind $1.583
8 Biomass less Mbrn $1.580
1 Biomass $1.576

$1.60 $1.65 $1.70 $1.75 $1.80
CPWC, Billion $

$1.50 $1.55

Figure 1-3. Base Case CPWC Results.

The detailed economic analysis included high and low sensitivity cases involving
load growth and fuel costs. The intent was to determine if the economic rankings of the
plans changed, and to what degree, under alternative assumptions about the key variables
driving the economic analysis. The sensitivity analysis focuses on three base plans:

#1 Biomass

#2 1x1 Combined Cycle

#3 Biomass + 1x1

Results of the load growth sensitivity showed little differential variation in the
three plans, and there was no change in the relative rankings. The fuel cost sensitivity
resulted in a re-ordering of the plans, athough the relative changes in CPWC are not
large. Because it is more dependent on fuel prices, Plan #2 benefits from the low fuel
cost sensitivity and becomes the top ranked plan. Conversely, in the high fuel cost
sensitivity, it becomes the most expensive plan.

1.8 Plan Scoring (Section 9)

The CPWC analysis showed that all plans had similar economics, typically
varying in CPWC by only a few percent. Therefore the final preferred plan heavily
considered non-economic criteria. The approach taken to score the non-economic criteria
was very similar to that applied to individual unit options in Section 7; however, in this
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case the entire plan was scored (existing and new units) each year of the 20-year planning
period. The scores for various categories were aggregated and then weighted. As with
the unit scoring, the scoring categories were designed to be consistent with the
Framework requirements and the KIUC IRP objectives. Cost, Reliability, and
Sustainability were evenly weighted when evaluating the plans.

After scoring the plans against each category/criterion, the composite scores for
each of the three categories were weighted and fina plan scores were calculated. The
weighted final scores for each plan are shown in Figure 1-4.

m Cost m Reliability = Sustainability

3: Biomass + 1x1

11: Biomass + 1x1 less Wind
1: Biomass

12: Biomass + 1x1 less MBrn
7: Biomass less Wind

8: Biomass less Mbrn

10: 1x1 less MBrn (Bio late)
5: Solar + 1x1

2: 1x1

9: 1x1 less Wind

4: 2x1

6: Distributed Generation

0 10 20 30 40 650 60 70 80 90 100

Figure 1-4. Expansion Plan Scoring Results by Category.

The highest scoring plans include the combination of both the 20 MW biomass
unit and the 17 MW 1x1 Combined Cycle unit. Plan #3 scored higher than all other
plans. It combines the Biomass and 1x1 units with the DSM-2 portfolio of demand-side
management measures and all the smaller renewable energy options: Wind, Hydro,
Landfill Gas, MSW Mass Burn. The plan also includes the PPA with the 6.4 MW Green
Energy Team biomass unit. The combination of these units provides the highest overall
benefits to Kaua'i. Plan #3 scored 98 out of 100 total points, and achieved consistently
high scores in the Cost, Reliability, and Sustainability categories.
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Plan #3 would achieve severa major benefits relative to the current operating
KIUC system:

By installing the fuel flexible 1x1 combined cycle in 2012, the plan would
meet KIUC' s near-term capacity requirements while boosting reliability.
Adeguacy of supply and reliability would be further strengthened by the
biomass plant in 2013 and the MSW mass burn plant in 2015.
The plan implements all of the renewable energy options and also has the 1x1
combined cycle unit, which could burn renewable biodiesel. Asaresult, this
plan is able to reduce dependence on petroleum from over 90 percent in 2007,
to less than 50 percent as soon as 2013, and 35 percent in 2015 (assuming no
biodiesel use).
The plan rapidly increases the amount of renewable energy in KIUC' s system.
Asearly as 2015 the plan would exceed both the state’ s RPS target and
KIUC's strategic plan goal, as shown in Figure 1-5

70%

Plan #3: 65%in 2015 >

60%

KIUC Strategic Plan Goal

50% by 2023
50% - SSSEES NSNS NSNS NSNS EEENEENEENEEENEEEESEESEEERES L L L]} asEEsEes a
40%
30%

State RPS Target

20% by 2020
20% - SSSESSESSEESENEEEEEEEEEEEE (L RR LR} ssEEsEs aEseEen asEEsEn a
- I l
O% T T T

2009 2010 2011 2012 2013 2014 2015

*No biodiesel use included

RPS-Eligible Renewable Generation, % of total

Figure 1-5. Plan #3 Renewable Contribution.

Plan #3 has the largest predicted reduction in greenhouse gas emissions of any
of the plans. By 2015, Plan #3 causes greenhouse gas emissions to drop about
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30 percent relative to 1990 levels and about 50 percent relative to forecasted
2010 emissions (see Figure 1-6).

400,000
350,000
300,000

250,000

000000900000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

1990 emission level

200,000
150,000
100,000

50,000

Greenhouse Gas Emissions, ton CO2 (equivalent)

*No biodiesel use included
0

1990 1995 2000 2005 2010 2015

Figure 1-6. Historical Carbon Dioxide Emissionswith Forecast for Plan #3.

The development of this plan will provide significant socioeconomic benefits
related to the creation of a biomass fuel supply infrastructure that would
generate many jobs and promote investment in the local economy. For
example, the biomass unit would need to procure around $15 million per year
of biomass from local suppliers.

By adding the M SW mass burn unit, the plan would help address the long-
term problem of municipa waste management and disposal.

Based on the findings of this section, the preferred KIUC expansion plan from
this IRP is plan #3, which includes development of numerous renewable energy in the
near-term (2015 or earlier), implementation of an aggressive demand-side management
program (DSM-2), and the addition of the fuel-flexible 1x1 combined cycle in 2012 to
meet KIUC’ s requirements for firm, reliable capacity. The details of this plan are shown
in Table 1-6.
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Table 1-6. KIUC Preferred Expansion Plan.

Timing Unit Nameplate MW Firm Capacity

Continuous | DSM-2 (Demand-side Peak load reduction of 4.34 MW by 2028
M anagement)

2011 Kekaha Landfill Gas 16 1.6

2012 1x1 Combined Cycle 17.37 17.37

2013 Wind 10.5 0

2013 Direct-Fired Biomass 20 20

2015 Hydro (Multiple Units) 11.0 0

2015 MSW Mass Burn 7.3 7.3

1.9 Five-Year Action Plan (Section 10)

The preferred KIUC expansion plan consists of multiple projects. Development
of al of these projects in accordance with the indicated schedule would be challenging.
However, if one or more of the projects following the combined cycle project is not
developed due to technical, environmental, or commercia issues, KIUC would not fall
short of capacity. The primary impact would be a higher CPWC and less reliance on
renewabl e projects.

Given the challenges associated with the development effort required involving
multiple demand and supply-side options, KIUC should establish a dedicated Resource
Planning Team supported by sufficient resources. This team would be charged with
overseeing development work for each expansion plan project and with executing
additional studies needed to further define projects or their feasibility. The team should
begin with a master development schedule that indicates the major activities needed to
bring the projects on line in atimely manner. This process may include the initiation of a
new process to request proposals for renewable energy project devel opers.

The Resource Planning Team analysis should include regular economic analysis
and updated production cost models to ensure that projects identified in this IRP remain
viable as more definitive cost estimates are prepared and externa factors (e.g., fuel
prices) change. KIUC staff will need to discuss what activities can be accommodated by
existing staff, if new staff is required, or if outside consultants and contractors should be
hired to perform the work.

Each of the projects identified in the IRP is at a different stage of development,
has different obstacles to overcome, and will require different resources to successfully
complete it. The remainder of this section briefly summarizes the action plan for each
project.
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1.9.1 Kekaha Landfill Gas Project

Plans are underway to open a third phase to the Kekaha landfill, which would
extend its life to 2016. Based on the proposed expansion, the County (owner of the
landfill gas rights) recently completed an updated assessment of the potential for landfill
gas recovery. According to the study, the capacity of the landfill gas system could be as
much as 1.6 MW. The focus of the County’s study was on project configurations for the
Pacific Missile Range Facility (PMRF), and KIUC ownership of a stand-alone project at
the landfill was not explicitly modeled. The next step for this project is to assess
ownership options for the project. If ownership looks attractive, then KIUC should
execute a Letter of Intent with the County (and possibly PMRF) to establish terms of a
gas purchase contract, project ownership and devel opment responsibility.

1.9.2 1x1 Combined Cycle Project

Based on the favorable economics shown in the IRP and the concurrent GenX
study, KIUC has formed an interna team to advance development of the 1x1 Combined
Cycle project. The team is beginning to address initial permitting issues, scheduling, and
project engineering.

The project will be sited at the existing Kapaia Power Station to take advantage of
the existing infrastructure in-place. KIUC has begun to investigate the permitting
requirements to accommodate the new project on the Kapaia Power Station site.
Location of the unit at the existing Kapaia Power Station should expedite permitting due
to the existing land use permit and the precedents set when the origina generation was
permitted (for example, the protocol for air dispersion modeling).

The fuel for the project will be naphtha, biodiesel, or fuel oil. Experience with
biodiesel firing in combustion turbines is very limited, and technical and logistical issues
associated with its use are currently under investigation.

1.9.3 Wind Project

In May 2006, KIUC announced that it had short-listed UPC Kauai Wind Power,
LLC for a 10.5 to 15 MW wind project. A power purchase agreement has yet to be
signed, and the final site for the project is undetermined. UPC is still actively pursing the
project, and KIUC is encouraging their efforts. Should UPC fail in its efforts, then KIUC
will likely need to take a more active development role.

KIUC is not actively developing any wind projects on its own. Siting is the
largest barrier to wind development in Kaua'l, and a siting study is needed to identify
specific project locations, review land ownership, assess community acceptance, consider
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transmission availability, and measure other factors. At least one year of on-site wind
measurement will be necessary for feasibility analysis.

1.9.4 Direct-Fired Biomass Project

The 20 MW direct-fired biomass project was identified in this IRP and is in the
early development phase. Although KIUC has not started project development work for
this particular project, there have been other developments on Kaua'i that directly impact
the project. In particular, Gay & Robinson has been exploring biomass, waste and other
fuels in conjunction with a planned ethanol plant at their existing sugar plantation. The
company announced in September 2008 that it intended to end production of sugar and
transform its operations towards energy production with partner Pacific West Energy.

As one of the two primary capacity options in the expansion plan and because
there are a number of technical issues to be resolved, it is important that development
activities and studies be performed soon to advance this option further. A key issue to be
resolved is fuel supply, which may be impacted by Gay & Robinson’s energy plans.
Should a fatal flaw be found or should the project involve substantial risk with regard to
fuel supply or other factors, the 1x1 Combined Cycle project can still meet near-term
capacity needs; however, it will be difficult for KIUC to meet its sustainability goas
without alarge biomass component.

1.9.5 Hydro Unit Options

The potential for hydro on Kaua'i is very strong. Six prospects have been
identified as most promising, and these were assessed in the IRP as a generic
combination, representing an aggregated 11 MW project. The six projects are located
throughout the island and consist of four new sites and two upgrades of existing facilities.
All are run-of-river or on irrigation systems, which minimizes potentia negative
environmental impacts. With the exception of upgrades to the KIUC-owned Upper and
Lower Waiahi system, most of the projects have not been studied beyond the preliminary
identification phase. Feasibility studies should be performed on the other options as the
next step in the action plan. These studies will require cooperation from the site owners.
KIUC may also wish to consider a broader study of hydro potential on the island, to
ensure that no promising options have been overlooked.

1.9.6 Mass Burn Waste to Energy Project

The 7.3 MW mass burn waste to energy project isin the early development phase.
Although project development work for this particular project has not started, there have
been other developments on Kaua'i that directly impact the project:
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In 2006, KIUC shortlisted Barlow Projects for negotiations for PPA with a5.3
MW waste to energy facility. A power purchase agreement has not been
signed yet.

In March 2007, the County released an integrated solid waste management
plan that, in part, recommended the construction of awaste-to-energy plant to
help handle theisland’ s refuse.

Despite these positive signs, development of the waste to energy project has not
been active, and the project is not forecast to come online in the IRP until 2015. Despite
the long lead-time, KIUC will need to begin working closely with the County and other
interested stakeholders to pursue development of this option in a manner that balances
economic issues with environmental concerns.

1.9.7 Demand-Side Management

Unlike most of the other projects described in the action plan, KIUC already has a
successful DSM program. The IRP calls for an expansion of the existing commercial
program to include 33 measures. The action plan for implementing the DSM program
consists of ensuring that KIUC has adequate staff and administrative support to
implement the commercial program at the aggressive level (DSM-2) evaluated in this
IRP.

1-24



Kaua'i Island Utility Cooperative
Integrated Resource Plan 2.0 Integrated Resource Plan Introduction

2.0 Integrated Resource Plan Introduction

This section includes an overview of the KIUC IRP and discusses conformance of
the IRP to the KIUC “Strategic Plan 2008-2023", and the Hawai'i Public Utility
Commission (HPUC) document, “A Framework for Integrated Resource Planning”
(Framework) dated May 22, 1992. The Framework was issued under Decision and Order
No. 11630 and was written in response to the HPUC Decision and Order No. 11523 in
Docket No. 6617 that instructed each state electrical utility to develop an IRP. The KIUC
IRP is also discussed in light of the recent Hawai’i Clean Energy Initiative, which could
replace the IRP process in the future.

2.1 Overview of the KIUC IRP
This IRP is the first such document submitted by a utility serving Kaua'i since
April 1, 1997, and the first IRP since ownership of the Island’s utility was changed from
an investor-owned entity (the Kaua'i Electric Division of Citizens Utilities Company) to
a cooperative utility in 2002.
The IRP has benefited from the contributions of KIUC staff, its consultants, the

KIUC Board, and the close involvement of two advisory groups. The first advisory panel
is the Strategic Planning Committee, which is comprised of three members of the nine-
member KIUC Board of Directors. The second is the KIUC IRP Advisory Group,
consisting of 13 members that represent a broad cross-section of Kaua'i’s community and
who have volunteered their time and knowledge to help frame a plan that is consistent
with the PUC’s IRP Framework requirements and the goals and objectives of KIUC and
the Kaua'i community. The interests represented include, but are not limited to:

High tech industry

Small business and retail

Mid-sized business

County government

State government

Transportation and utility

Finance and insurance

Military and federal government

Commercial property development

Residential property development

Visitor industry

Alternate energy
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Agriculture

Power devel opment

Hawaiian culture

Environment

Community action agencies

Charitable and non-profit organizations

In addition to the 13 Kaua'i-resident IRP Advisory Group Members, the State’s
Department of Commerce and Consumer Affairs, Division of Consumer Advocacy and
the Department of Business, Economic Development, and Tourism, Energy Division are
also represented on KIUC's IRP Advisory Group. Multiple strategic meetings between
the two advisory groups, the KIUC staff, and KIUC’s consultants occurred during the
IRP's formative stage to ensure that all sides were afforded the opportunity to provide

input.

Since 2003, KIUC has been actively engaged in making strategic decisions and
conducting studies to support the development of this IRP. The following is a summary
of major studies performed and KIUC strategic decisions that have helped shape this IRP

document:

In 2003, LCG Consulting (LCG), headquartered in Los Altos, California was
retained to prepare a load forecast of the KIUC system. This forecast was
provided in March 2004. The forecast underwent additional review and
modification by Black & Veatch, of Kansas City, Missouri and KIUC staff to
update data and to reflect current assumptions of potential island growth. The
updated forecast has been adopted for this IRP.

In 2004, KEMA Inc., an energy efficiency consulting firm headquartered in
Madison, Wisconsin, was commissioned to conduct an Energy Efficiency
Potential Study for KIUC. This study was completed in April, 2005 and the
results have been used as the basis for the demand-side portfolios evaluated in
thisIRP.

In 2004, Stanley Consultants Inc. performed a study to determine the
economic feasibility of the replacement of KIUC's existing GT-1 combustion
turbine generator. This option was evaluated early in the IRP process as an
efficiency upgrade to KIUC's existing fleet of liquid-fueled generation. As
the IRP developed, continued evaluation of system requirements led to the
replacement of this concept with the GenX project, discussed below.

In May of 2004, Black & Veatch began a Renewable Energy Assessment for
KIUC. This study was completed in March, 2005 and the results, updated in
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2008, have been used as the basis of the renewable energy supply-side
aternativesin this study. This document is available on KIUC's website.

In October of 2005, Black & Veatch was retained by KIUC to prepare the
IRP. Magjor scope items included review of the load forecast, updating of the
renewable resource cost and performance estimates, development of cost and
performance estimates for conventional supply-side resources, coordination
with KIUC DSM staff to evaluate demand-side programs, development of the
scoring methodology for resource options, screening of options, development
and analysis of specific resource expansion plans, risk analysis of candidate
plans, and overall drafting of the IRP document.

In November of 2005, Stillwater Associates of Irvine California, retained as a
subcontractor to Black & Veatch, began working on the fuel price forecast for
the majority of fuels considered in the IRP.

In January of 2006, LCG was retained by KIUC staff to conduct detailed
expansion planning analyses using the production costing software UPLAN.
LCG coordinated with Black & Veatch to develop cumulative present worth
costs associated with alternative resource plans, and worked with KIUC staff
to develop demand-side portfolios for evaluation based on the KEMA study.

In November of 2007, a Draft Fina IRP Report was submitted to KIUC.
Based on initial study assumptions and decisions, the preferred plan included
a multi-fuel AFBC unit that would likely burn a mix of coal, waste, and
biomass. The KIUC Board decided, however, that a unit utilizing coal even as
part of its fuel input would not be considered. This decision, along with an
update of the KIUC Strategic Plan and the decision to pursue the GenX study
led to the decision not to file the IRP until it could be revised and updated in
2008. In January, 2008, Black & Veatch was assigned the task of updating
the IRP.

In January of 2008, Black & Veatch also began the GenX Study. The purpose
of this study was to identify the next capacity option that would help aleviate
some technical issues on the KIUC system that, if not solved, could continue
and increase reliability problems. The GenX Study was to identify a short list
of capacity options that, when added to the system, would not worsen and,
preferably, would help with the problem of inertia on the KIUC system. The
units to be considered were to be so-called “heavy” units that would help the
system react quickly to disruptions in stable system conditions as caused, for
example, by a distribution line going out of service or a unit tripping off line.
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The GenX study was to be coordinated with the IRP Update, such that the
preferred option from the GenX study, selected for economic and technical
reasons, would be carried forward to the expansion planning analysis
performed in the IRP Update. Moreover, the scoring system to be used in the
IRP Update was to account for the economic and non-economic benefits of
the GenX unit in the expansion plan scoring system devel oped.

In paralel with these magor studies and efforts, the KIUC staff and Board of
Directors have taken several key steps that have provided guidance in the strategic
direction of the utility and that have heavily influenced the final IRP selection. Magjor
milestones of note include the following:

October, 2004: the KIUC Equity Management Plan is drafted and approved
August 2005: formation of the KIUC Advisory Group, followed by system
planning and IRP training sessions

September 26, 2005: the KIUC Strategic Plan was drafted with due
consideration of the Framework

December 13, 2005: adoption of a Strategic Plan for KIUC

November 1-3, 2005 and February 8-9, 2006: Meetings held in Kaua'i
between the KIUC staff, Black & Veatch, the Strategic Planning Committee,
the Advisory Group and, by phone, Stillwater Associates (February meeting)
March 30, 2006: the first draft of the IRP is provided to KIUC and consisted
of Sections 2 through 7 of the document

June, 2006: comments are received from KIUC on the final IRP draft report
September, 2006: LCG begins the detailed expansion plan modeling
February, 2007: Black & Veatch meets with KIUC staff, the KIUC Board,
and the Advisory Group to discuss the preliminary results of the expansion
modeling, as well as the appropriate weighting of economic and non-
economic factors

June, 2007: the draft IRP is completed and submitted to KIUC staff for
review

November, 2007: the IRP is submitted to the KIUC Board for approval. The
KIUC Strategic Plan is updated and portions of the IRP are directed to be re-
examined

January, 2008: the decision is made to perform the GenX Study and integrate
the resultsinto the IRP update

April, 2008: the initial results of the GenX Study are provided to KIUC
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August, 2008: KIUC staff begins detailed production cost modeling with the
UPLAN software

October, 2008: the draft results of the IRP update are completed and presented
to the KIUC Board and KIUC Advisory Group

November, 2008: the GenX Final Report is submitted and the Draft Final IRP
Update Report is submitted to KIUC.

December, 2008: the updated KIUC IRP Document is approved by the KIUC
Board of Directors

As a result of these extensive internal and external efforts, the KIUC IRP
document has been completed and is organized as follows:

Section 1. Executive Summary — contains the Executive Summary of the
IRP. The section identifies the preferred resource plan and provides a brief
overview of the methodology and rationale behind this result.
Section 2: Overview of the KIUC IRP and Compliance with the PUC’s
IRP Framework — contains an overview of the IRP document and indicates
where specific requirements identified in the HPUC's document “A
Framework for Integrated Resource Planning” (Framework) can be found in
this IRP. The compatibility with the Strategic Plan 2008-2023 is also
presented and the methodology is described. Finally, the IRP is discussed in
light of the Hawaii Clean Energy Initiative, which could replace the traditional
IRP processin the state.
Section 3: System Description — contains an overview of the Kauai
economy, a description of the KIUC system including its historical load, a
discussion of KIUC capacity resources and renewable energy resources, and a
description of existing demand-side programs.
Section 4. Economic Parameters — contains a description of several maor
input assumptions adopted for the economic evaluation of resource options.
These inputs include economic parameters such as the genera inflation rate
and finance-related costs, the load forecast (base, high, and low cases), and the
fuel forecast (base, high, and low cases).
Section 5: Supply-side Resource Options — contains a description of the
supply-side capacity resources considered for this IRP. A total of 19
renewable, conventional and advanced technology options were considered in
the IRP analysis and supporting studies.
Section 6: Demand-side Resour ce Options — contains a description of the
demand-side measures considered for this IRP. A total of 40 residential and
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79 commercial measures were considered in the initial demand-side study.
The section also contains the results of the initial cost-effectiveness tests and
the bundling of the measures into specific demand-side programs to be
evaluated and scored.
Section 7: Resource Option Screening — presents the scoring methodol ogy
used to rank al supply-side options on an economic and non-economic basis.
After describing the methodology, economic scores were developed using a
bus-bar cost calculation and compiled with non-economic scores for each of
the resource options considered in Section 5. The conclusion of this section
contains a discussion and a list of the options carried forward to the detailed
modeling and evaluation in Section 8 and 9.
Section 8: Detailed Economic Analysis — presents the results of the detailed
economic analysis of the resource plans developed around the options carried
forward from Section 7. The analysis has been performed by KIUC staff with
the use of the LCG production costing and expansion-planning model,
UPLAN.
Section 9: Plan Scoring — presents the results of applying the scoring
methodology to the resource plans developed and evaluated in Section 8.
Both economic and non-economic criteria are weighed in this scoring system.
The result of the process is a ranking of expansion plans, which forms the
basis of the IRP conclusions and recommendations.
Section 10: Five-year Action Plan — presents a plan to further evaluate and
resolve the risks associated with expansion plan resources, and to otherwise
program, implement, and evaluate the progress toward executing the IRP plan.
Appendices:

Appendix A contains the HPUC’ s Framework document

Appendix B contains the 2004 LCG Load Forecast

Appendix C contains the Black & Veatch Renewables Study

Appendix D contains the Stanley Consultants GT-1 Repowering Study

Appendix E containsthe KEMA Energy Efficiency Potentia Study

Appendix F contains an overview of LCG Consulting’'s UPLAN model

Appendix G contains the GenX Report completed by Black & Veatch
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2.2 Compliance of IRP with the KIUC Strategic Plan and HPUC'’s

IRP Framework

The KIUC IRP has been prepared with the aim of achieving specific and
measurable objectives that are consistent with the HPUC Framework and KIUC's
Strategic Plan. This section describes the KIUC IRP objectives established in the KIUC
document: Strategic Plan 2008-2023, and identifies where the specific information
required in the Framework can be located in this IRP. The Hawai’i Clean Energy
Initiativeis also discussed.

2.2.1 The Link Between the KIUC Strategic Plan and the IRP

The KIUC IRP was developed to be a specific plan of action that will achieve and
be consistent with the KIUC mission, the seven cooperative principles, and KIUC's
strategies and objectives. These guiding concepts are contained in the KIUC Strategic
Plan 2008-2023 document that was issued in November, 2007 and was last updated in
October, 2008. The primary components of this plan are discussed below.

KIUC is a not-for-profit cooperative utility established in 2002. KIUC has
adopted the following mission statement:

"To provide high quality, reliable and competitively valued electric
service in a safe and environmentally responsible manner consistent with
sound business practices and the seven cooperative principles, and to
improve the quality of life for our members and for Kaua'i*.”

Achieving the KIUC mission requires a sound and thorough approach to resource
planning to ensure the appropriate integration of demand-side resources with
conventional and renewable supply-side generation. Achieving this mission requires, not
only the adoption of specific and measurable objectives that provide direction for IRP
development, but also an approach to IRP development that accurately transfers the
stated goals and objectives into the resource selection process.

The KIUC Strategic Plan identifies the need to achieve a balance of three core
strategies that will guide the utility going forward: 1) Safe and reliable service, 2)
Sustainable power supply, and 3) Fair and competitive rates. From these core strategies,
the utility hasidentified the following strategic objectives:

Improve safety culture
Improve reliability

! See Section 3.2 for alisting of the seven cooperative principles
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Increase sustainable power supply

Ensure fair and competitive rates

Develop proactive and comprehensive methods of communicating and
obtaining feedback to/from Members

Improve Member satisfaction

Improve Employee satisfaction

Cultivate an effective Board/Staff team

These strategic objectives, in turn, are trandlated into specific goals and
measurement criteriathat will indicate whether the objectives are met. Table 2-1 liststhe
strategic objectives, goals, and measurement criteria adopted as part of the Strategic Plan.
Several of these metrics have been incorporated into the broad scoring categories
explained in Section 7. These consist of: cost, reiability, and sustainability. The
methodology is also consistent with the Framework requirements discussed below.

2-8



Kaua'i Island Utility Cooperative

Integrated Resource Plan 2.0 Integrated Resource Plan Introduction

Table2-1. KIUC Strategic Objectives, Goals, and M easurements

Strategic Objective

Goal

M easur ement

Improve safety culture

Achieve better than average of industry-specific national
safety incident rate

Annual OSHA Incident Rate for Electric power
generation, transmission, and distribution, 50-249
employees

Rural Electric Safety Accreditation Program

RESAP Certification

Improve reliability

Achieve better than average of Hawai’i Utilities in
outage frequency and duration

System Average Interruption Duration Index (SAIDI),
System Average Interruption Frequency Index (SAIFI),
and Customer Average Interruption Duration I ndex
(CAIDI)

Maintain sufficient firm, reliable generation to meet
customer demand

Annual adequacy of supply statement

Increase sustainable power supply

Significantly exceed Hawai’i Renewable Portfolio
Standard (RPS)

Supply-side only, annual kWh generated from renewable
sources

Reduce electric power generation sector Greenhouse Gas
(GHG) emissionsto 1990 levels

Annual tons of CO2 equivalent from power generation

Increase energy diversity so that no one source amounts to
50% or more of total energy supply

Annual kWh generated from any one source

Increase conservation and demand-side management

Annual kWh saved through conservation and DSM

Ensure fair and competitive rates

Maintain reasonable, comparable rates with other Hawai' i
Utilities

Average annual residential rate

Maintain costs at or below inflation

Non-fuel O&M expense per Member

Develop proactive and comprehensive
methods of communicating and
obtaining feedback to/from members

Increase Member participation and knowledge

Annual Member surveys

Improve member satisfaction

Improve results in major areas of member concern

Annual Member surveys

Improve communication to members during power
outages

Annual Member surveys

Improve employee satisfaction

Improve results in employee satisfaction measures

Periodic Employee surveys

Cultivate an effective Board/Staff
team

Improve trust and confidence between Board, Staff, and
Employees

Periodic evaluations
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2.2.2 Consistency with the Kaua'i General Plan
The emphasis placed on renewable and demand-side resources in this IRP is
consistent with the policy adopted in the Kaua'i Genera Plan developed in 2000, which
contains a number of policies to provide guidance to the County with regard to Kaua'i’s
electrical system. These policiesinclude:
Promote renewable energy sources to reduce Kaua'i’'s dependence on
imported fossil fuels, taking into consideration cost, reliability, and
environmental impacts.
Actively promote solar water-heating and other energy-saving devices such as
roof insulation and natural ventilation and cooling of buildings.
Develop low-cost financing programs to enable households and small
businesses to invest in solar water-heating and other energy-saving
technologies.
Minimize health, safety, cultural, and scenic impacts of electrical power
instalations. In particular, seek opportunities and economic methods to
render power generation facilities and transmission lines inconspicuous in
order to preserve and enhance a park-like appearance throughout the Garden
Island.
Require new buildings to incorporate economically feasible designs and
equipment to save energy.
Establish a set of measurable goals to evaluate energy conservation and self-
sufficiency.

2.2.3 Compliance with the HPUC Framework

KIUC views its mission, strategic plan and objectives, and the IRP scoring
methodology as completely compatible with the HPUC's Framework that specifies in
Part I1.A.

“The goal of integrated resource planning is the identification of the
resources or the mix of resources for meeting near and long-term
consumer energy needs in an efficient and reliable manner at the lowest
reasonable cost.”

To facilitate the achievement of this overriding goal, the Framework contains
many specific items and requirements that are to be addressed and contained in an IRP.
The KIUC IRP is believed to be fully compliant with these requirements. Table 2-2 at
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the end of this section lists a summary of the Framework’s specific IRP content
requirements and the corresponding sections of this IRP where the requirement is
satisfied. Requirements not related to specific IRP content are not listed in the table, but
the full Framework document is included as Appendix A to this IRP for reference. The
following comments should be noted regarding the applicability and appropriateness of
certain Framework requirements to KIUC:
Part 1V.A.4 of the Framework states that, as feasible and appropriate, aload
forecast should be made for the total system and also by customer class.
Section 4 of this document contains the KIUC system forecast. A forecast by
customer classis not required for expansion planning purposes and has not
been undertaken.
Part 111.E.1 and Part 111.E.3 of the Framework require utilities to include
externalitiesin the cost and benefit analysis, and to measure costs and benefits
qualitatively if they cannot be expressed in dollar terms. As discussed further
in Section 7, dueto the lack of an accepted method for quantifying
externalities associated with power plants, the approach taken in thisIRPisto
develop aweighting system that emphasi zes factors not directly quantified in
the economic analysis. The unit (Section 7) and final plan (Section 9) scoring
methodol ogies assign two-thirds of the total score to factors other than direct
€conomics.

2.3 IRP Methodology

The IRP was prepared using a systematic methodology described below and
further detailed in the remainder of this document. The process is illustrated in Figure
2-1.

The first step of the methodology was to develop aload forecast for the Island of
Kaua'i. The adopted base case forecast was developed using an econometric model in
which energy requirements were modeled as a function of Kaua'i population, income,
and visitor population. These variables have historically shown a very strong correlation
to load growth. High and low forecasts were developed using different methods as
further discussed in Section 4.

The peak load forecast and the added capacity needed to meet KIUC's planning
reserve requirement was then compared to the firm capacity available to KIUC under the
adopted reliability criteria. This comparison produced a year-by-year capacity balance,
and identified the year in which additional capacity is needed to meet KIUC's planning
criteria
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Figure2-1. IRP Methodology.

Based on the size of capacity needs, existing resources mix, and IRP objectives,
candidate resource options were identified.  These resource options included
conventional technologies, renewable energy aternatives, and demand-side management
measures. The conventional technologies included candidates from the GenX Study that
could address the inertia problem on the KIUC system. A scoring methodology that
would be applied to viable resource options was then developed. Options were evaluated
and scored using economic (bus-bar) and non-economic factors. From this initia
screening, a list of potentially viable resource options emerged and was carried to the
detailed economic analysis that involved long-term production costing simulations using
the UPLAN model.

In the detailed analysis, expansion plans were developed around the supply-side
options that could provide firm capacity to meet KIUC reliability requirements. In each
expansion plan, following the addition of the firm capacity, subsequent generation was
added to provide renewable generation and reduce system operating costs. For each plan,
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cumulative present worth costs (CPWC) were developed and constituted the economic
results. The CPWC consists of system-wide variable costs (fuel plus variable O& M),
plus incremental fixed costs associated with new capacity additions (capital costs plus
fixed O&M costs). The fixed plus variable costs were summed for each year and then
discounted to the start of the evaluation period to consider the time value of money. The
CPWC isdirectly comparable among the alternative expansion plans.

A large number of plan aternatives were created in attempt to optimize the
CPWC. Plans clearly not competitive were eliminated from further consideration. For
the remaining options, additional plans were developed to further optimize the expansion
plans associated with each option. Additional load growth and fuel price sensitivities
were also performed and allowed the determination of which aternatives would be robust
under a wide range of future scenarios. The CPWC results were then combined with the
non-economic scoring criteria and the combined scores were compiled. Final rankings
were then developed to identify the recommended expansion plan. The last step of the
methodology was to develop an action plan to facilitate resolution of certain risks
associated with the leading options, plan implementation, and plan monitoring.
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Table 2-2. Framework Requirements Addressed in the KIUC IRP.

Section(s)
Addressing
Section Framework
ID Summary of Framework Requirement Requirements
.C.2. The utility shall submit an IRP and program implementation schedule for PUC 10
approval.
[11.D.1.a | Submissions: The IRP isto include afull and detailed description of:
(@D} the needs identified 4,8
2 the forecasts made 4
3 the assumptions underlying the forecast 3,4
4 the objectives to be attained by the plan 2
(5) the measures by which achievement of the objectivesisto be assessed 2,7,9
(6) the resource options or mix of optionsincluded in the plan 8,9
(7 the assumptions and the basis of assumptions underlying the plan 4,5,6,7,8,9
(8) the risks and uncertainties associated with the plan 9
9 the revenue requirements on a present value basis and on an annual basis 8,9
(20) the expected impact of the plan on demand 6
(D) the expected achievement of objectives 9
(12 the potential impact of the plan on rates, consumer bills, and consumer energy N/A
use
(13) the plan’s external costs and benefits 9
(14 the relative sensitivity of the plan to changes in assumptions and other 9
conditions
[11.D.1.b  ThelIRP shall include afull and detailed description of the underlying analyses
including:
(1) the data (and source of data) upon which needs were identified and forecasts 3,4
made
2 the methodol ogies used in forecasting 4
(3) the various objectives and measures of assessing attainment of objectives that 2,7,9
were considered, but rejected, and reasons for rejecting any objective or
measure
4 the resource options that were identified, but screened out and not considered 586,7,8,9
and reasons for rejection
(5) the assumptions and basis of assumptions, the risks and uncertainties, the 56,7,8,9
costs, effectiveness, and benefits (including external costs and benefits), and
the impacts on demand, rates, consumer hills, and consumer energy uses
associated with each resource option or mix of options that was considered
(6) the comparisons and the cost, effectiveness, and benefit tradeoffs and 7,89
optimization made of the options and mixes of options
@) the models used in the comparisons, tradeoffs, and optimization 6,7,8
(8) the criteria used in any ranking of options and mixes of options 586,7,8,9
9 the sensitivity analyses conducted for the options and mixes of options 9
[11.D.1.c | ThelRP shal include a description of all alternate plans developed, the 89

ranking accorded to the various plans, the criteria used for such ranking, and a
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Table 2-2. Framework Requirements Addressed in the KIUC IRP.

Section
ID

Summary of Framework Requirement

Section(s)
Addressing
Framework

Requirements

full and detailed explanation of the analysis upon which the preferred IRP was
selected

.D.1d

Submission should be simply and clearly written and, to the extent possible, in
non-technical language. Charts, graphs, and other visual devices may be used
to aid in understanding the plan and analyses made. Provide an executive
summary of the plan and of the analyses and appropriately index its
submissions

All

2.a

The IRP shall include a schedule, by year, of the programs or phases of
programs to be implemented; the expected level of achievement of objectives;
the expected size of the target group or level of penetration of any DSM
program; the expected supply-side capacity addition; the expenditures, by cost
categories and cost elements, required to be made by the utility to support
implementation of each program or program phase

6,8

2b.

The program implementation schedule shall include a full and detailed
description of the analyses upon which the schedule is based. Describe among
other things:

6,8

1)

the steps required to realize and implement supply-side and demand-side
resource programs

10

2

how the target groups were selected and how DSM program penetration and
the expected levels of effectiveness in achieving | RP objectives were derived

3)

the expected annual effects of program implementation on the utility and its
system, ratepayers, environment, public health, and safety, cultural interests,
the state economy, and society

2.c.

Program implementation schedule shall be accompanied by utility’ s proposal
on cost and revenue loss recovery and incentives, as appropriate.

6, 10

Utility may at any time, as aresult of its annual evaluation or changein
conditions, circumstances, or assumptions, revise or amend its IRP or its
program implementation schedule. All revisions and amendments must
conform to the appropriate requirements of this part D

NA

IRP and program implementation schedul e approved by the PUC shall govern
all utility expenditures for capital projects, purchased power, and DSM
programs

NA

E.l.af

Public Participation: Advisory groups shall be formed and provide input into
the IRP process

2,9

IV.A.

PLANNING CONSIDERATIONS: Forecast

The utility shall develop arange of energy requirement forecasts and develop
multiple scenarios as appropriate, including base case, high-growth, and low-
growth scenarios

Each forecast shall identify the significant demand and use determinants;
describe the data, the sources of data, the assumptions (including assumptions
about fuel prices, energy prices, economic conditions, demographics,
population growth, technological improvements, and end-use), and the analysis
upon which the forecast is based; indicate the relative sensitivity of the forecast
result to changes in assumptions and varying conditions, and describe the

3,4
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Table 2-2. Framework Requirements Addressed in the KIUC IRP.

Section
ID

Summary of Framework Requirement

Section(s)
Addressing
Framework

Requirements

procedures, methodologies, and models used in the forecast, together with the
rational e underlying the use of such procedures, methodologies, and models

Among data to be considered are historical data on energy sales, peak demand,
system load factor, system peaks, and such other data of sufficient duration to
provide areasonable basis for the utility’ s estimates of future demand

3.4

Asfeasible and appropriate, the forecast shall be by the system as a whole and
by customer class.

The utility shall use all reasonable methodologies in forecasting, including, as
practicable and economically feasible, the disaggregated end-use methodology

Objectives

The ultimate objective of the IRP isto meet customer energy needs over the
20-year planning period

All

2-3

The utility may specify other utility-specific objectives that it seeksto achieve
through its IRP, and the HPUC may specific other objectives

2,6,7,9

Effectiveness Measures

The utility shall specify measures by which attainment of objectivesisto be
determined

2,6,7,9

The utility may use proxy measures where direct, quantifiable measures are not
available

2,7,9

Resource Options

The utility shall consider all feasible and appropriate supply-side and demand-
side resource options available within the planning horizon

56

The utility shall include the supply-side and demand-side resources currently
in use, promoted, planned, or programmed for implementation, including those
resources that are or may be supplied by persons other than the utility.

56,8

The utility shall initially identify all possible supply- and demand-side options,
then may screen out those options that are clearly infeasible. An option may
be deemed infeasible where the option’ s life cycle costs clearly outweigh its
benefits or effectiveness under both societal cost-benefit and utility cost-
benefit assessments. The utility, with the advise of advisory groups, may
establish such other criteria for screening out clearly infeasible options

56

Data Collection

For each feasible resource option, determine its life cycle costs and benefits
and its potential level of achievement of objectives. Identify the option’stotal
costs and benefits--the costs to the utility and its ratepayers and the indirect,
including external (spillover), costs and benefits

56,7

To the extent helpful in analysis, distinguish between fixed costs and variable
costs and between sunk costs and incremental costs; and identify any
opportunity costs

56,8

Costs and benefits shall, to the extent possible be (a) quantified and (b)

expressed in dollar terms. When it is neither possible nor feasible to quantify
any cost or benefit, such cost or benefit shall be qualitatively measured. The
methodology used in quantifying or in qualitatively stating costs and benefits

56,7,89
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Table 2-2. Framework Requirements Addressed in the KIUC IRP.

Section
ID

Summary of Framework Requirement

Section(s)
Addressing
Framework

Requirements

shall be detailed

Assumptions; Risks; Uncertainties

| dentify the assumptions underlying any resource option or the cost or benefit
of any option or any analysis performed

56,7,89

I dentify the risks and uncertainties associated with each resource option

56,7,8,9

Identify any technological limitations, infrastructure constraints, legal and
government policy requirements, and other constraints that impact on any
option of the utility’sanalysis

5,10

Models

The utility may utilize any reasonable model or models in comparing resource
options and otherwise in analyzing the relative values of the various options or
combination of options

5,6,8, App. F

Each model used must be fully described and documented

5,6,8, App. F

Analyses

The utility shall conduct cost-benefit and cost-effectiveness analyses to
compare and weigh the various options and mixes of supply- and demand-side
management programs

6,8

The utility shall conduct such analyses from varying perspectives, including
the utility cost perspective, ratepayer impact perspective, participant impact
perspective, total resource cost perspective, and societal cost perspective

6,8

The utility shall analyze all options on a consistent and comparable basis and
provide costs, effectiveness, and benefits of DSM options considered equal to
that given to costs, effectiveness, and benefits of supply-side options. The
utility may use any reasonable and appropriate means to assure that such equal
consideration is given

6,8

The utility shall compare the options on the present value basis and explain the
basis for the discount rate chosen

4,8

The utility may rank, as appropriate, the various options and mixes of options
upon such reasonable criterion asit may establish with the advice of the
advisory groups

2,7,9

Resource Optimization

The utility shall select those resource options or mix of resource options that
achieve that level of effectiveness or that level of benefits specified in the
objectives at the least cost. The utility shall identify those resource options or
mix of resource options that achieve the highest level of effectiveness or level
of benefits at various levels of cost

89

ab

Options or mix of options shall be selected in afashion asto achieve an
integration of supply-side and demand-side options. This mix of options
congtitutes the utility’s IRP

89

The utility shall develop a number of aternative plans, each representing
optimization from a differing perspective, including the perspective of the
utility, ratepayers, the non-participant, and society. Also develop alternate
plans to meet the needs identified by each demand forecast scenario
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Table 2-2. Framework Requirements Addressed in the KIUC IRP.

Section(s)
Addressing
Section Framework

ID Summary of Framework Requirement Requirements

3. The utility shall identify the revenue requirements on a present value and 89
annual basisfor each plan and note the risks and uncertainties associated with
the plan. Describe the plan’simpact on rates, customer energy use, customer
bills, and the utility’s system. Also describe the plan’simpact on external
elements -- the environment, people’slifestyle and culture, the State’s
economy, and society in general

4, The utility shall rank the various plans, based on such criterion as it may 89
establish with the advice of its advisory groups. Designate one of these plans
asthe preferred plan and submit to the PUC the preferred plan asits IRP.

J. Sensitivity Analysis: 9
Utility shall subject its selection of resource options to sensitivity analysis by
altering assumptions and other parameters.

2.4 The Hawai'i Clean Energy Initiative

While KIUC is currently obligated to develop an IRP in conformance with the
Framework, it is possible that future planning efforts by KIUC will be conducted under
the Hawai’i Clean Energy Initiative (HCEI) if appropriate regulatory changes are put in
place. While the application of the HCEI to KIUC would need to consider the unique
characteristics of Kauai and the cooperative business structure of KIUC, it was
announced on October 20, 2008 that the Governor’s office, the State Department of
Business, Economic Development and Tourism, the Hawaiian Electric Company,
Hawai’'i Electric Light Company, Maui Electric Company (together, the Hawaiian
Electric Companies), and the Division of Consumer Advocacy of the Department of
Commerce and Consumer Affairs had reached a landmark agreement that would
dramatically accelerate the use of renewable resources by the Hawaiian Electric
Companies. Highlights of the historic agreement include:

A commitment to integrate 700 MW of additional renewable energy to the
Hawaiian Electric Companies within 5 years, and 1,100 MW overall.

An undersea cable to connect Maui, Molokai, and Lanal, and a cable
allowing for the integration of up to 400 MW of wind energy to the Oahu
grid.
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An agreement that 40 percent of the Hawaiian Electric utilities total
Renewable Portfolio Standard is to be provided from renewable sources
by 2030.

A commitment to retire (decommission, shut down, or place in reserve
status) older fossil fuel generators.

The testing and conversion of existing generators to biofuels.

A prohibition on construction of new coa plants.

Aggressive pursuit of energy efficiency opportunities, distributed
generation, and distributed energy storage opportunities.

The change from avoided cost based power purchase agreements to a
feed-in tariff where the price paid for renewable energy projects is no
longer linked to fossil fuel oil costs but, instead, is linked to the
competitive cost of providing renewable energy from specific
technologies.

At thistime, it is difficult to predict the specifics of any HCEI agreement that may
be entered into between KIUC, various state agencies, and other groups. In genera,
however, KIUC has, through this IRP, aready initiated a dramatic move toward
increased reliance on renewable energy and reduced reliance on fossil fuels. This is
apparent not only in the large number of renewable technologies studied in the IRP, but
aso in the domination of the selected expansion plan by renewable projects, the
elimination of coal generation as an option, and the inclusion of an aggressive demand
side strategy. Further, KIUC has aready begun testing the use of biofuels in its
conventional units and believes that this option has merit in the future. It has also
evaluated the economics of retiring some of its older conventional units and will continue
to look at this possibility. KIUC agrees that it is desirable to move away from power
purchase agreements linked to fuel oil costs and will be studying the concept of feed-in
tariffs closely.

In sum, KIUC believes that many of the HCEI concepts have merit and mirror
initiatives currently being studied or implemented on Kauai. As a cooperative, the
member owners of KIUC have already expressed their desire to move aggressively
toward renewables, and this direction is reflected in this IRP document. KIUC will
continue to move toward this aim, with due attention also placed on providing reliable
power at a reasonable cost to its members. Thus, while future planning efforts could
transition from atraditional IRP to a HCEI framework, KIUC believes that the approach
taken in this IRP reflect much of the spirit of the HCEI, and the resulting preferred planis
consistent with the aims of the landmark agreement announced for the Hawaiian Electric
Companies.
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3.0 System Description

This section provides a description of the history of KIUC and its predecessor,
Kaua'i Electric. It aso details the current generation and transmission system. Current
KIUC demand-side programs and the current effort to secure additional renewable
resources are also summarized. The section begins with an overview of the Kaua'i
economy and the important factors that will drive future power requirements.

3.1 The Kaua’'i Economy

The Island of Kaua'i is the oldest and northernmost of the main Hawaiian Islands.
It has a landmass of approximately 550 square miles and a population of amost 63,000
year-round residents (U.S. Census Bureau 2006 estimate). The median age on the Island
is 38.4 years compared with avalue of 36.2 years for the State of Hawai'i and 35.3 years
for the United States. This dlightly older population reflects the influx of retirees to the
Island.

Resident population growth on Kaua'i has been more rapid than the growth seen
throughout the rest of the Hawaiian Islands. Between 1980 and 2005 the population of
Kaua'i grew at an annual average growth rate of 1.8 percent (from 39,400 to 61,700)
compared with a statewide average annual growth rate of only 1.1 percent (from 968,500
to 1,267,600).> Over this same period Kaua'i’s portion of the state's total population
grew from 4.1 percent to 4.9 percent.

From 2004 through 2007, the average annual unemployment rate on Kaua'i was
very low, ranging from 3.4 percent in 2004 to 2.4 percent in 2006 and 2.5 percent in
2007. In 2008, the unemployment rate rose to an average of 3.4 percent during the first 9
months and reached 4.9 percent in September, 2008. The state unemployment rate in
September, 2008 rose to 4.7 percent and reflected the broader economic downturn in the
national and international economies. Figure 3-1 plots the unemployment rate for Kaua'i
and Hawai'i since 1990°. The series for Kauai shows the significant and long-term
impact of Hurricane Iniki that struck in 1992.

2 Table 1-1. Resident Population by County: 1980-2035, Population and Economic Projections for the
Sate of Hawaii to 2035, DBEDT 2035 Series, January 2008.

% Hawai’i Workforce Informer, Historical Data, Not Seasonally Adjusted Data, 1976-present, available on-
line at www.hiwi.org. Accessed November, 2008.
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Figure 3-1. State and Kaua®Unemployment Rates, 1990-2007.

The economy of Kaua'i originally developed around the sugar industry in the late
1800’'s. Asthe sugar industry matured, electric water pumps were used to further expand
irrigation and cultivation. This, in turn, led to further development on the Island. In the
mid-1950’s, as the sugar industry began to decline, the tourism industry began to expand
dramatically. Tourism has since played a growing role in the development of the island
and is projected to remain the largest employment sector as seen in Table 3-1.

The importance of tourism can also be seen through the average daily visitor
census (ADVC), a measuring index for tourism on the Island. In 2003, there were
approximately 18,100 visitors on Kaua'i each day, a figure approaching 30 percent of the
permanent Island population. The Planning Department’s Population and Economic
Projections for the State of Hawai i to 2030 projects an increase to approximately 27,400
visitors per day on Kaua'i in 2025. However, one key factor that could limit near term
increases in visitor population is alack of additional visitor accommodations due to high
occupancy rates, previous gains in visitor days, and the limited prospects for near-term
growth in accommodations.
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Table 3-1. Kaua'i Employment Growth by Industry, 2004 to 2014

Employment Change in Employment

2004 = 2014 | Number | Annual Percentage

Goods Producing Industries

Natural Resources and Mining 770 750 -20 -0.3%
Construction 1,320 1,540 220 1.7%
Manufacturing 420 410 -10 -0.2%
Total 2,500 2,690 190 0.8%

Service-Providing Industries

Trade, Transportation, and Utilities 6,050 6,760 710 1.2%
Information 260 320 60 2.3%
Financia Activities 1,170 1,240 70 0.6%
Professiona and Business Services 3,150 4,080 930 3.0%
Education and Health Services 4,170 4,940 770 1.8%
Leisure and Hospitality 8,410 9,310 900 1.1%
Government 2,360 2,500 140 0.6%
Other 760 880 120 1.6%
Total 26,320 30,040 | 3,720 1.4%
Total, All Industries 31,300 35,310 | 4,010 1.3%

Source: Hawai i Workforce Informer -
http://www.hiwi.org/admin/uploadedPublications/1766 LTI1P2004-14-KAU.pdf

Despite the economic benefits Kaua'i has received from the tourism industry, the
large dependence on a single industry has created some concerns. The events of
September 11, 2001 temporarily caused a decline in the number of tourists to the island.
The effects of that interruption led local policy makers to seek a more diversified
economy. This policy is reflected in the Kaua'i General Plan that states an objective, of
diversifying the Island’s economy by increasing high-tech and agricultural employment
(Section 4.2.2.2 of Kaua'i General Plan). Although achieving long-term growth in these
sectors will be challenging, current economic and population projections by UHERO
show higher rates of growth for these two job categories (3-5 percent) than in overall job
growth on the Island (1-1.5 percent). The “Kaua'i Vision 2020” aims to reduce the
percentage of employment in the visitor industry from its current level of more than 40
percent of the labor market to a value closer to the range of 30 to 35 percent. Even if the
targeted economic diversity is achieved, it is apparent that the island economy and load
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growth will continue to be linked to the level of tourism and visitor population of Kaua'i.
For this reason, the load forecast developed in Section 4 includes a projection of the
visitor population as one of the explanatory variables.

3.1.1 Additional Factors Impacting Long-Term Economic Growth and
Power Needs

Increases in visitor population will translate into increased power needs primarily
due to the utilization of existing tourism-linked facilities and construction of additional
visitor accommodations in response to demand for timeshare and other temporary
lodgings. Growth in the housing market will also be closely linked to population growth
and the corresponding demand for new permanent housing. The total number of new
housing units will be a maor factor in the future growth in power requirements on
Kaua'i, and it is important to discuss the potential for further growth in the housing
market. Table 3-2 lists several factors related to growth in the housing market that will
influence the growth in power requirements during the IRP planning horizon. A number
of these factors are discussed below.

Table 3-2. Key Factors Impacting the Kaua'i Long-Term Housing Market and
Power Requirements.

Factors Supporting Continued High Factors Acting to Limit the Rate of
Growth in Housing-Related Power Growth
Requirements

1. Housing unit additions in response to 1. Building permit lag

visitor and resident population growth 2. Land availability / General Plan policies
2. New housing unit characteristics (air to preserve rura character / zoning
conditioning, time share units) restrictions

3. Infrastructure constraints

4. Availability of construction workforce
5. Potential macroeconomic downturns/
interest rate increases

The housing market on Kaua'i was very active in the 2002 through 2007 time
period, but has recently cooled in conjunction with national housing market trends. Data
on the recent historical housing market on Kaua'i is presented in Table 3-3. The table
indicates that the estimated number of housing units in Kaua'i in mid-2006 was 28,819.
This compares to 25,295 in mid-2000. As a percent of the total housing units in the state,
Kaua'i made up 5.7 percent in 2006, and Table 3-3 indicates that this was virtually the
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same as during the 2000 to 2002 period (5.5 percent). From 2000 through 2006, the
number of new housing units added to the stock ranged from alow of 337 units in 2002
to 1,372 unitsin 2006.

Table 3-4 lists the average and median sales price for single family homes and
condominiums resold from the 2002 through 2007 period.
average sales price of single-family homes has nearly doubled in the five-year period,
from $478 thousand in 2002 to $958 thousand in 2007. Likewise, the median single-
family housing price and the average sales price for condominiums increased
substantially during this time frame.

According to the data, the

Table 3-3. Housing Unit Data for Kaua'i and the State, 2000 thr ough 2006.

Housing Units 2000 2001 2002 2003 2004 2005 2006
State 461,693 | 466,300 | 470,792 | 476,380 | 482,873 | 491,071 | 501,956
Kaua'i 25,295 | 25,651 | 25,988 | 26,551 | 27,054 | 27,447 | 28,819
gggt'ofglare"f 55% | 55% | 55% | 56% | 56% | 56% | >'7°
Percent growth

in Kaua'i NA 1.4% 1.3% 2.2% 1.9% 1.5% 5.0%
housing units

Numerical

increase from NA 356 337 563 504 393 1,372
previous year

Source; The Sate of Hawai i Data Book 2004, 2006, and 2007, Table 21.19

Table 3-4. Value of Residential Resales on Kaua'i, 2002 thr ough 2007, ($1000).

2002 | 2003 | 2004 | 2005 | 2006 | 2007
Average sales price, single 4780 | 5006 | 6448 | 8357 | 9265 | 958.0
family homes, resale
Median Sdles Price, single 3238 | 3688 | 4950 | 6269 | 6780 | 644.0
family homes, resale
Average sales price, 2120 | 2906 | 3804 | 4373 | 4469 | 5745
condominiums

Source: UHERO Economic Information Service, Annual Tables, Kaua'i County Data,
November 29, 2005, Table 6.2

Of particular interest from a power requirements perspective is a projection of the
number of new housing unit additions. At the start of the IRP, data was collected from
the County of Kaua'i concerning the number of announced housing developments and
new housing units for the 2006-2025 time period. Data was provided according to
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whether the housing units were expected to be built in the short-term (assumed to be
approximately a 1-5 year time frame), the medium term (assumed to be approximately a
6 to 10 year time frame), or the long term (assumed to be approximately an 11 to 20-year
time frame). Table 3-5 lists the results and indicates that some 18,067 housing units have
been announced for development over the next 20-years, a very substantial increase
should this additional housing stock materialize. Of the planned housing units,
approximately 11,366 are classified as near-term additions made over a 1 to 5 year
horizon; 2,161 units are identified as in the medium-term horizon (6 to 10 years), and
4,540 units are identified as long-term additions (11 to 20 years).

Table 3-5. Number of Announced and Planned New Residential Unitson Kaua'i in
the Short-, Medium-, and Long-Term*.

Number of New Residential Units Planned
Short-Term (1-5 years) 11,366
Medium-Term (6-10 years) 2,161
Long-Term (11-20 years) 4,540
Total Planned Units 18,067

"Time periods corresponding with the short-, medium-, and long-term designation were
estimated by Black & Veatch based on discussions with county officials, devel opers, and
published information.

Source: County of Kaua'i Planning Department.

In assessing how many of the announced new housing units will ultimately be
constructed, the County of Kauai Planning Department made the following
observations:*

Many of the projects identified will spillover from the short-term to the
medium and long-term.

An important factor that affects the number of units permitted is the possible
requirement for additional infrastructure. If additional infrastructure is
required, it will affect the time frame of units added and the number that will
be permitted.

If there are indeed spillover effects from the short-term to the medium and
medium to the long-term periods, it is very difficult to develop an accurate
estimate of the number that are likely to be constructed during each period.
Distributing the additions equally over the planning period is a reasonable
assumption.

* Personal communications, B&V with Mr. Keith Nitta, received January 26, 20086.
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The number of units projected is considered to be the maximum that would be
added, so this can be thought of as a high growth scenario. In alow growth
scenario, it would be reasonable to assume approximately haf of the units
announced would actually materialize.

KIUC agrees that a number of factors will dampen the number of announced
housing additionsin Table 3-5, especidly in the short-term. These include the following:

Obtaining a building permit on Kaua'i is can take many months or even years
to secure, and many on the island who are reluctant to see rapid development
and view the existing building permit process as an appropriate means through
which to regulate growth.
Land availability is constrained in the long-term because the Island has many
mountainous areas that are not geographically suited for housing. There are
also near-term limits arising from the County’s General Plan that has as a
primary goal, the preservation of Kaua'i’s rural character. To help preserve
the rural character of Kaua'i, several policies were adopted in the General
Plan that guide long-term growth.”
While the level of growth on the Island has surpassed the expectations of most
and has put increasing pressures on the County’ s ability to maintain a balance
between growth and maintaining rural character, the General Plan remains a
guiding force impacting the level of development, primarily through the
County zoning ordinances. The Comprehensive Zoning Ordinance for the
County of Kaua'i is structured, among other objectives, for the purpose of
“implementing the intent and purpose of the adopted General Plan” (Article 1.
Section 8-1.2). As the County government continues to seek the proper
balance between growth and preservation of rural and open areas, it will mean

® Sample policiesinclude:

e “An essentia part of the Vision and one of the driving ideas of the General Plan is to preserve
Kaua'i's special rural character.” p. 5-1

»  “Promote compact urban settlements in order to limit public service costs and to preserve open
space.” p. 5-2

e “Lands included within the Agriculture designation shall be predominantly used for or held in
reserve to be used in the future for agricultural activities.” p. 5-3

e “Lands designated Open shal include: important landforms such as mountains, coastal bluffs,
cinder cones, and stream valleys; native plant and wildlife habitat; areas of predominantly steep
slopes (20 percent or greater); beaches and coastal areas susceptible to coastal erosion or
hurricane, tsunami, or storm-wave inundation; wetlands and flood plains; important scenic
resources, and known natural, historic and archaeological resources. Open shall also include
parks, golf courses, and other areas committed to outdoor recreation.” p. 5-13

e “Lands designated Open shall remain predominantly free of development involving buildings,
paving, and other construction.” p. 5-13
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that approval of proposed residentia units will require time for careful
consideration, and some units requiring changes in zoning or variances may
be denied.

The Kaua'i roadway network is inadequate for even the current visitor and
resident population and rapid near term growth would result in unacceptable
traffic delays. The County is taking immediate practical stepsto help mitigate
the problems while long-term solutions are being considered at the state level
but along-term solution will involve new roadways and expenditures.® Major
current construction projects by the state Department of Transportation
include an expansion of the bypass road in Kapa'a and the widening of
Kaumuali'i Highway to four lanes. These projects will not be completed
until 2011 or later, and additional projects will be required if future traffic
levels are to be accommodated. The net result of the current and projected
low level of service on many roads may well mean that housing development
will be dowed to ensure that the transportation infrastructure can
accommodate traffic flows associated with new development.

The construction labor force availability may continue to be a constraining
factor limiting the number of new housing units that can be added. Further
complicating matters is that the cost of living on the Island has become so
high that, in the past five years, workers earning service industry and
construction industry wages have found it difficult to subsist in the local
economy, thereby making alarge inflow of additional construction workersin
response to growing demand for construction services uncertain, although
there has been added emphasis on affordable housing in recent years.

Finally, it is recognized that the run up in housing prices and the dramatic
increase in planned housing units have been a relatively recent phenomena
that could again fal back in line with previous patterns should a
macroeconomic downturn occur. A magjor recession in the U.S. or Japan
would strongly impact the tourism industry and the Kaua'i housing industry.
As of this filing, the globa economy has experienced a severe financial crisis
and a near-term credit shortage that could extend well into 2009 and be part of
asignificant recession impacting Kaua'i.

In light of the above considerations, it is reasonable to expect that a large
percentage of the planned housing units listed in Table 3-5 may not materialize in the

® Hawai'i Business, September 2005, Kaua'i In Crisis, page 25.
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near-term and that housing growth will be in line with historical trends which saw an
average of 588 new housing units added per year from 2001 through 2006.

3.2 KIUC Structure and Utility History

KIUC is a cooperative utility, founded in 2002 when ownership of the island’s
utility was converted to a cooperative from an investor-owned utility named the Kaua'i
Electric Division of Citizens Utilities Company. The KIUC home office is located at:
4463 Pahe e Street, Suite 1, Lihue, Kaua'i 96766. The adopted mission statement of
KIUC isasfollows:

"To provide high quality, reliable and competitively valued electric service in a
safe and environmentally responsible manner consistent with sound business practices
and the seven cooperative principles, and to improve the quality of life for our members
and for Kaua'i."

As a cooperative, KIUC subscribes to the seven cooperative principles listed
below:

1. Voluntary and Open Membership. Cooperatives are voluntary
organizations, open to all persons able to use their services and willing to
accept the responsibilities of membership, without gender, social, racial,
political, or religious discrimination.

2. Democratic Member Control. Cooperatives are democratic organizations
controlled by their members, who actively participate in setting policies and
making decisions. The elected representatives are accountable to the
membership. In primary cooperatives, members have equal voting rights (one
member, one vote) and cooperatives at other levels are organized in a
democratic manner.

3. Members©Economic Participation. Members contribute equitably to, and

demoacratically control, the capital of their cooperative. At least part of that
capital is usually the common property of the cooperative. Members usually
receive limited compensation, if any, on capital subscribed as a condition of
membership.
Members allocate surpluses for any or al of the following purposes:
developing the cooperative, possibly by setting up reserves, part of which at
least would be indivisible; benefiting members in proportion to their
transactions with the cooperative; and supporting other activities approved by
the membership.

4. Autonomy and Independence. Cooperatives are autonomous, self-help
organizations controlled by their members. If they enter into agreements with
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other organizations, including governments, or raise capital from externa
sources, they do so on terms that ensure democratic control by their members
and maintain their cooperative autonomy.

5. Education, Training, and Information. Cooperatives provide education and
training for their members, elected representatives, managers, and employees
so they can contribute effectively to the development of their cooperatives.
They inform the general public, particularly young people and opinion
leaders, about the nature and benefits of cooperation.

6. Cooperation among Cooper atives. Cooperatives serve their members most
effectively and strengthen the cooperative movement by working together
through local, national, regional, and international structures.

7. Concern for Community. While focusing on member needs, cooperatives
work for the sustainable development of their communities through policies
accepted by their members.

To help serve the needs of its membership, KIUC has joined Touchstone Energy,
an aliance of more than 600 cooperativesin 45 states that collectively delivers power and
energy solutions to more than 22 million customers every day. Through this aliance,
KIUC is able to communicate its local presence and explain the unique ties of a
cooperative to the Kaua'i community. Branding events, specia projects, and activities
sponsored by Touchstone Energy and available to KIUC include:

Sponsorship of new and emerging technology conferences, and the
dissemination of information to help members remain competitive and on the
cutting edge of technology

Bill Consolidation and Energy Management Program, designed to offer
Touchstone Energy cooperatives commercia and industrial (C&1) customers
convenience and savings

Get Charged! program, a joint effort by Touchstone Energy and Discovery
Channel Schools to provide educational material about electricity and the
history of cooperatives to middle schools

National Child Identification program, in which the American Football
Coaches Association, Touchstone Energy and the FBI have joined efforts to
provide parents with an ID tool to help protect their children

Touchstone Energy Home — aresidential energy efficiency program for new,
existing and manufactured homes

Online energy management and audit services for business and residential
customers among all participating cooperatives
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Television and print ads on various channels and nationa magazines and
newspapers including Reader®Digest and other major publications
Coordination of relief efforts, such as the relief effort for people affected by
hurricane Katrina.

3.2.1 KIUC Organizational Structure

The fundamental difference between a cooperative utility and an investor-owned
utility is seen in the organizational structure of KIUC. Oversight of KIUC operations is
provided by a nine-member Board of Directors who are cooperative members elected by
the KIUC membership. In that Board members are elected by KIUC members
(customers) and come from the membership (local community), a great deal of
transparency is provided to the KIUC membership. These members have an important
role in forming the strategic direction of KIUC. The KIUC President and CEO is a hon-
voting member of the Board whose primary responsibilities include providing day-to-day
leadership and direction for the KIUC staff.

In addition to having input through the Board, all members are encouraged to
attend and participate in Board meetings and other strategic processes. As mentioned in
Section 2, for example, members have been provided the opportunity to provide specific
input into the IRP process through the formation of the Strategic Advisory Group,
consisting of several members who are citizens of Kaua'i and are not on the Board or
KIUC staff members.

The KIUC dtaff consists of 161 employees who are organized into six
departments. The Engineering and Operations Department plans, constructs, and
maintains electrical transmission and distribution facilities for members and developers.
The Production Department inspects, maintains, and operates the KIUC generation units
while maintaining system load, voltage and frequency requirements. Accounting and
Finance manages all debt and interest payments and maintains the general and subsidiary
ledgers. The Human Resources Department manages al employee and labor relations.
Strategic Planning devel ops programs to address energy needs, and is responsible for IRP
development. Finally, Member Services handles al metering, bill processing, and the
call center. These departments ensure that KIUC is able to supply reliable electrical
service to its members, and makes sure KIUC is capable of responding appropriately to
electric service interruptions.

3.2.2 Utility History on Kaua’i
Electrical generation developed on the Island of Kaua'i in conjunction with the
sugarcane industry. As sugarcane production increased on the Island in the early 1900’s,
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irrigation became necessary to expand the arable land available for cultivation. The
electric pumps necessary for widespread irrigation drove the installation of basic
hydroelectric facilities and a basic transmission infrastructure to deliver power.

In 1905, Kaua'i Electric was formed to construct a 2,400 kW hydroelectric plant
on the Wainiha River and a 34-mile transmission line connecting the plant with the
McBryde Sugar Company located in the southwestern Hanapepe region of the Island. By
the 1930’ s sugar production was over 1 million tons a year and McBryde was distributing
energy for domestic use through the Kaua'i Electric Company infrastructure. The Lihue
Plantation Company also provided energy to the central and eastern sections of the Island
through its subsidiary, the Waiahi Electric Company. In 1960 these separate entities
merged to form the Kaua'i Electric Company, and a single eectric utility served the
island.

As Kaua'i’s economy gradualy shifted away from the sugar industry toward
tourism, additional capacity and transmission facilities were needed to meet the
requirements of the growing population and the expanded development in urban areas.
The owners of Kaua'i Electric did not have the capital necessary to finance all of the
needed development and elected to sell the Kaua'i Electric Company to the Citizens
Utilities Company (CUC) in 1969.

The CUC invested more than $270 million to upgrade and expand the Kaua'i
Electric system. The Port Allen Generating Station was developed to supplement the two
2,000 kW diesel generators and power purchase agreements already in place.

In 2002, the Citizens Utilities Company sold Kaua'i Electric to the newly formed
Kaua'i Island Utility Cooperative (KIUC). This cooperative is a not-for-profit, tax-
exempt organization devoted to meeting the power needs of the island consistent with the
mission statement and objectiveslisted in Section 2.

3.2.3 Existing Generation System

KIUC currently operates two power stations, Port Allen and Kapaia, and an
additional two hydroelectric facilities, Upper and Lower Waiahi. A breakdown of the
individual units at each facility is shown in Table 3-6.
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Table 3-6. KIUC Generating Unit Capacity.

Type Year | Qty. | MW/Unit | Total MW

Port Allen

D1,2 Diesd 1964 2 2 4.0

S1 Steam Turbine 1968 1 10 10.0

D3,4,5 Diesd 1968 3 2.75 8.25

GT-1 Combustion Turbine | 1973 1 175 175

GT-2 Combustion Turbine | 1977 1 22.6 22.6

D6, 7 Diesdl 1989 2 7.85 15.7

D8, 9 Diesd 1991 2 7.85 15.7
Kapaia Power Station

KapaiaCT Steam Injected CT | 2002 1 27.5 27.5
Hydroelectric Units

Upper Waiahi Hydroelectric 1931 1 0.5 0.5

Lower Waiahi Hydroelectric 1914 1 0.8 0.8

The Port Allen power plant islocated on the southern coast of Kaua'i. The station
consists of two 2.0 MW Electro Motive Division (EMD) diesel generators installed in
1964 and three 2.75 MW diesel generators installed in 1968. Additional units at that site
include a 10 MW steam power plant installed in 1968, a diesel-fired 17.5 MW
combustion turbine (CT) generator installed in 1973, and a second diesel-fired 22.6 MW
CT instdled in 1977. A heat recovery steam generator (HRSG) capable of recovering
exhaust gases from either of the combustion turbines and powering the steam turbinein a
combined cycle mode is adso available. Finally, there are four 7.85 MW Stork Wartsila
Diesel (SWD) generators that were installed in 1989 and 1991. These units bring the
total capacity of the station to 93.75 MW. Prior to 2002, the mgority of KIUC's
generation was produced at the Port Allen location.

KIUC owns three additional generating units. The first is a 27.5 MW steam
injected CT at the Kapaia Power Station that was installed in 2002. The remaining two
units are the Upper Waiahi and Lower Waiahi hydro units, rated at 0.8 MW and 0.5 MW
respectively. These units were installed in 1914 and 1931, respectively. Theinclusion of
these additional generation resources raises the maximum generation capability of the
KIUC system to 122.55 MW, of which 121.25 MW (all but the hydro units) is considered
firm capacity.

KIUC has also traditionally purchased a significant portion of its power supply
from independent power producers. Until 2002, KIUC had a power purchase agreement
with the Lihue plantation for up to 14 MW of capacity (the mill subsequently closed).
Presently, additional non-firm generation amounting to approximately 5 percent of the
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total system energy is purchased from externa providers, as shown in Table 3-7. These
private power plants all rely on renewable resources and produce energy on an as
available basis. Included within this table are many small solar photovoltaic (PV)
systems owned by KIUC customers.

The KIUC units detailed above are dispatched on an economic basis to minimize
the system operating costs, subject to certain constraints. For example, to operate within
environmental compliance, the Kapaia Power Station must operate above 50 percent
load, or 14 MW. This unit is the most efficient fossil fuel generator on the Island and is
usually base loaded. The next units to be dispatched after Kapaia are the four large SWD
diesel units at the Port Allen Power Station (Units 6, 7, 8, and 9). Each unit has a
minimum load of 4 MW. Further capacity is then generated by the five reciprocating
engine EMD units also at Port Allen (Units 1, 2, 3, 4, and 5). Any further power required
by the Island is generated by the Port Allen steam turbine, GT-2 and finaly by GT-1.
These units are usualy utilized only when Kapaia or the larger diesel generators are off-
line for an extended period of time.

Table 3-7. Non-KIUC Installed and Operating Renewable Energy Capacity.

Plant Owner Technology Capacity, kW
Mauka Hydro State ADC? Hydro 1,000
Waiawa Hydro State ADC? Hydro 500
Wainiha Hydro Kaua'i Coffee Hydro 3,600
Kalaheo Hydro Kaua'i Coffee Hydro 1,000
Waiahi Hydro KIUC Hydro 1,300
Gay & Robinson Gay & Robinson Biomass Comb. 4,000
Solar PV Systems Various Solar PV 1,225
Total Operating 12,625

Source: KIUC, Hawai i Dept. Of Business Economic Development and Tourism.
Notes:
&  State Agribusiness Devel opment Corporation
® Current installed capacity is estimated to be 1,531 kW (dc). The equivalent net ac
basis was determined assuming a 20 percent loss from dc to ac output.

KIUC's primary system planning criterion requires that sufficient capacity be
installed to meet the forecast annual peak demand without the largest unit available.
Additional criteria call for the ability to meet morning demand without the largest unit
available and with the third largest unit out for scheduled maintenance. The operation of
gas turbines is also required to be exclusive such that the failure of a single generating
unit or component will not take more than one unit off-line.
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3.2.4 Transmission and Distribution

KIUC's transmission system consists of more than 161 miles of 69/57.1 kilovolt
(kV) line that delivers the bulk of the power generated throughout Kauai. Five
transmission circuits originate out of Port Allen Generating Station, located on the
westside of theisland. A double circuit supported via wood pole structures, run west to
support Kaumakani, Waimea, and Kekaha. The double circuit ends in Kekaha and a
radial transmission circuit extends to Mana, servicing Pacific Missile Range (PMRF),
which resides at the farthest west end of thisline.

Back at Port Allen, two additional transmission circuits on steel pole structures
head inland and east to Kilohana Tap. One of the circuits supports Lihue and the other
continues on to Hanahanapuni Tap and down to Kapaa. The Lihue circuit continues on
through Kapaia Power Station, Lydgate and ends in Kapaa, closing one of the loops
providing redundancy throughout the transmission grid. Princeville and the rest of the
North Shore loads are supported out of Kapaa, back up through Hanahanapuni Tap, in a
radial configuration via steel pole lines across the middle of the isand. The portion of
the line between Hanahanapuni Tap and Hanalel Tap traverses mountainous terrain and is
adual stedl pole circuit, however only one line is normally active, with the other serving
as a backup. KIUC is working towards completion of a partialy instaled transmission
line aong Kuhio Highway from Kapaa to Princeville, providing another redundant 1oop
configuration in the transmission grid.

The fifth transmission line out of Port Allen supports Koloa, Poipu and the rest of
the South Shore community via wood pole structures. This line crosses through various
coffee fields along the south coast of the island. Once in Koloa, this transmission line
continues inland via steel pole structures and joins up with the other steel poles headed to
Kilohana Tap. The Koloa-Lihue line then runs parallel with the Port Allen-Lihue line,
eventually sharing steel pole structures al the way into Lihue. The Koloa-Lihue line
closes the loop on the third redundant loop configuration throughout KIUC's
transmission grid, adding to the reliability of Kaua'i’s electric grid.

The transmission system detailed above delivers bulk power from the power
plants to switchyards and substations. The substations then convert the power to lower
voltages and feed the distribution systems. KIUC's distribution system is atypical radia
system and includes 1,202 miles of 12 kV distribution lines, of which approximately 215
miles are underground. In general, reliability of the transmission system has improved in
recent years, yet problem areas still occur in certain areas, particularly in Princeville
where there is only one transmission path feeding the distribution system. Improving the
reliability of the system and outage related customer satisfaction is considered to be an
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important part of the strategic planning and IRP process and will receive significant
weighting in Section 7 of thisIRP.

3.2.5 Renewable Resources and RFP

In 2007, over 94 percent of Kaua'i's eectricity was generated from imported
fossil fuels, and fuel costs made up 49.7 percent of total KIUC costs (the next highest
category was depreciation and amortization at 9.9 percent. Since the early 1980s, the
amount of renewable energy generation has been in a state of decline, and this is due to
the decline of the island’s sugar industry, which had significant self-generation installed.
(see Figure 3-2). At the sametime, Kaua'i has substantial renewable resources, including
wind, biomass, hydro, and solar. Kaua'i also has historical experience using renewable
energy sources to meet a large share of its energy needs. The lack of fossil fuel resources
initially spurred development of biomass and hydroelectric projects to power the Island’s
sugar industry, the first magjor electric consumer on the Island. In the past, electricity
from these sources has been a substantial source of energy for the Island. In the early
1980s, hydro and biomass accounted for upwards of 40 to 50 percent of electricity
generated on the Island. An important KIUC objective is to pursue sustainable energy
and restore the Island to its history of securing energy from renewable resources.
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Figure 3-2. Historic Electrical generation in Kaua'i (Source: KIUC).

In June 2004, with the signing of SB2474, the Hawai'i legislature enacted an
enforceable renewable portfolio standard (RPS). The standard requires that 20 percent of
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electricity be generated from renewable and demand-side sources by 2020, with the
following interim targets:
7 percent of net electricity sales by December 31, 2003
8 percent of net electricity sales by December 31, 2005
10 percent of net electricity sales by December 31, 2010
15 percent of net electricity sales by December 31, 2015
20 percent of net electricity sales by December 31, 2020
Additional modifications were made to the RPS law in June 2006 by SB 3185
(Act 162, SLH 2006). Mg or changes in 2006 include:
Adding the definitions of “biofuels’ and “renewable electrical energy” to
clarify eligible resources and to include “electrical energy savings brought
about by the use of energy efficiency technologies’ as an eligible measure for
RPS compliance
Amending the timetabl e to delete standards for 2004 and 2005 previously part
of the statute since the dates had passed
Authorizing the PUC to establish standards for each utility that prescribe what
portion of the renewable portfolio standards shall be met by specific types of
renewable energy sources. At least 50 percent must be renewable, the
remainder can come from eligible energy efficiency measures.
Authorizing the PUC to assess penalties if an electric utility company fails to
meet the RPS
Extending the time from December 31, 2006 to December 31, 2007 given to
the PUC to develop and implement a utility ratemaking structure that
encourages cost-effective renewable energy development, but alows for
deviation from the standards in the event that the standards cannot be met in a
cost-effective manner beyond the control of the utility.”

The RPS alows for both renewable energy and energy savings from demand-side
programs to count toward the RPS objectives, though it is possible that demand-side
savings may not be allowed in the future. KIUC has adopted specific minimum targets to
be met through its renewable and energy efficiency programs. Through 2005, KIUC
exceeded the previously effective minimum requirements for the RPS program, as shown
in Table 3-8. In Table 3-9, a breakdown of total KIUC generation in 2006 and 2007 is

" Database of State Incentives for Renewable Energy, available at:
http://www.dsireusa.org/library/i ncludes/incentive2.cfm?l ncentive_Code=HI06R& state=H|& CurrentPagel
D=1& RE=1& EE=1. Accessed November 15, 2007.
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listed. These figures are the gross kWh of generation and do not quantify the
contribution of demand-side programs that count toward the RPS.

In the updated KIUC Strategic Plan, the KIUC Board of Directors adopted a goal
higher than the state’s RPS requirements. The strategic plan calls for obtaining 50
percent of KIUC's electricity from eligible renewable resources by 2023, and the
reduction of greenhouse gases to 1990 levels.

Table 3-8. KIUC Renewable Energy Requirement.
Y ear Requirement Amount (%) Level AI%(I:ihgglie\b/IidE(g/;rg;-II-E?:‘?éi)érl\xlUdmg
2003 7% 7.5%
2005 8% 13.9%
2010 10% -
2015 15% -
2020 20% -

Table3-9. Kaua'i Electrical Generation, 2006 and 2007.

Generation Source | 2006 Generation Percent | 2007 Generation | Percent
(gross kWh) (gross kWh)

Biomass 1,971,636 0.4 1,400,362 0.3

Fossil fuel 436,740,493 91.8 461,001,302 94.2

Hydro 36,888,296 7.8 26,300,465 54

Photovoltaic 373,000 0.1 522,769 0.1

TOTAL 475,073,429 100.0 489,224,897 100.0

Source: KIUC HRS [8269-16.4] Annual fuel mix disclosure, available on the KIUC web
site.

KIUC currently utilizes renewable resources to supplement its conventional
technology generation. Two hydro-electric facilities totaling 1,300 kW of generation, the
Upper and Lower Waiahi facilities, are owned by KIUC. KIUC aso purchases power
from several renewable energy projects, as shown previously in Table 3-7. It isimportant
to note that the agreements with Kaua'i Coffee and Gay & Robinson do not entitle KIUC
to their entire generation.

In December 2005, KIUC released a request for proposals (RFP) for energy-only
renewable alternatives for Kaua'i's power needs. The qualifying resource and
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technology types included wind, solar, biomass or biofuels, hydroelectric, ocean wave or
ocean thermal, municipal solid waste or landfill gas, and fuel cells using renewable fuels.
In addition to meeting KIUC’ s objectives of providing sustainable energy, the RFP was
intended to provide renewable options that could meet the RPS goals in the most reliable
and cost-effective manner. In response to the RFP, KIUC received 20 proposals for
renewable energy projects. Of these proposals, KIUC selected four projects for fina
negotiations: one wind, one municipal solid waste, and two biomass. At the time of this
submittal, KIUC has preliminarily negotiated an agreement with one biomass facility
owner to provide 6.4 MW of non-firm power to KIUC beginning in 2010 and lasting for
20-years. While it remains uncertain whether this project will move forward, it has been
included in the IRP planning process as a non-firm resource. While the other three
potential projects are not explicitly included in this IRP, Section 5 evaluates a number of
renewable resource options that reflect similar costs and characteristics of these offers.

3.2.6 Demand-side Programs

KIUC offers a demand-side management program targeting commercial
customers and energy efficiency programs for residential customers. The commercial
program is supported by a network of trade alies that provide products and services for
participants. This program offers information and incentives for the installation of cost
effective energy saving technologies along with an informational segment consisting of
technical studies, training, and workshops.

Energy surveys are also available to commercial customers. The results of the
survey outline areas for efficiency improvements and inform the customer of any rebates
available for equipment replacement. In the past, rebates have been available for window
shading, water heating, refrigeration, energy efficient motors, lighting, exit signs, air
conditioning, and light fixture reflectors.

The residential market is served through energy efficiency programs. These
programs are offered as value added services and the benefits are not quantified for
resource acquisition and do not contribute to the IRP. They provide information,
incentive, and rebates toward the purchase of energy efficient products and are described
below.

Home visits, available to residential customers, are used to resolve high hill
inquiries. Low cost energy savings devices are installed at no cost to the member. These
devices include compact fluorescent bulbs, energy efficient showerheads, tank wraps, and
faucet aerators.

KIUC aso provides appliance metering for residential accounts. Metering the
consumption of the larger appliance will often help to identify malfunctioning appliances
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that cause high consumption or older appliances that should be retired from service and
replaced with amore efficient model.

KIUC offers an Energy Wise Efficient Appliance Replacement Program. This
program is designed to raise the awareness of the increased energy efficiency in new
appliances. Radio commercials and print ads are used to educate customers regarding the
advantages of retiring appliances before they fail in order realize the benefits of higher
efficiency models. The program relies on local appliance deders for support and
marketing. Education from sales representatives at the point of saleis key to the success
of the program. At present, a $50 rebate is offered to residential customers who replace
their old appliances with new models. Qualifying appliances for this program include
refrigerators, clothes washers, and dishwashers, which are rotated over a period of time
(i.e. refrigerators for the first quarter, dishwashers for the second quarter, etc.).

KIUC began offering a rebate of $800 to incentivize residential solar water heater
installations. Thisinitiative represents an expansion of the previous solar program where
participation was determined by the cost/benefit analysis of each individual participant.
Since 2003, atotal of 265 installations have occurred.

In addition, an Energy Wise Solar Loan program has been implemented to assist
residential customers in converting their electric water heating systems to solar. KIUC
has arranged with a local lending institution to finance the installations. KIUC markets
the program, provides technical support, and pays the interest on the loan for the
participant. Loan qualifications are based on income level, employment history, and
credit rating. Principal payments are made directly to the partnering financia institution
over a period of five years. Since the program was launched in mid year 2006, a total of
73 installations have occurred.

To assist low or fixed income customers in obtaining solar water heating, KIUC
has al so partnered with the Kauai County Housing Agency. KIUC supports this effort by
paying the interest for solar installations for this hard-to-reach market as well.

KIUC is dso involved with the Act 240 3-year solar water heating pilot program,
mandated by the State legislature and the PUC. This program provides the ability for a
customer to install solar water heaters with no up front cost, and the payments for the
system are made on the electric bill over 5, 10, or 15 years, depending on customer
choice.

The New Member Lighting program provides three (3) 20-watt compact
fluorescent bulbs at no cost to members who come in to the office and open an account
for the first time. The bulbs come with an information sheet that provides guidance on
the benefits of efficient lighting as well as information about KIUC and cooperatives in
general.
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KIUC developed a partnership with Kauai County Agency on Elderly Affairs
with the introduction of their free refrigerator replacement program for qualified senior
citizens whereby the identified qualifying customer’s existing refrigerator (14 years or
older) is replaced with a new energy efficient model. KIUC will aso arrange for removal
of any second operating refrigerator at no cost for program participants.

3.2.7 KIUC Rates and Financials

KIUC rates are high compared to mainland utilities due to the current reliance on
diesel and naphtha, both of which have increased in price significantly in recent years as
shown in Figure 3-3 and Figure 3-4. Other contributing factors include the relatively
small size of the system (that results in smaller generating units that do not capture the
economies of scale of larger units and aso results in strict reliability criteria), and
lingering cost impacts associated with recovery from Hurricane Iniki.

Table 3-10 contains a brief description of the electric rates for different customer
classes. In October, 2008, the energy charge for Schedule “D” Residentia customer
members was 36.4 cents’/kWh. This high kWh energy rate is reflective of the reliance of
the system on fossil fuels, and reached 49.2 centskWh in July, 2008, when oil prices
were near their all-time peak.

For reasons related to the energy tariff and tariff stability, but also as matter of
security and environmental benefit, KIUC has placed a priority on pursuing cost-effective
alternatives to oil-based conventional resources. The benefit of this reduction on oil-
based production is duly reflected in the weighting system discussed in Section 7.
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Table 3-10. KIUC Electric Rates by Customer Class.

Base Rate Effective Base Rate Effective
01-Nov-98 31-Oct-08

Schedule” D" — Residential
Customer Charge (per customer, per month) $9.72 $9.72
All KWh per month (add to Customer charge) $0.17 $0.36
The minimum monthly charge shall be $12.16 $12.16
Schedule" G" - General Light & Power Service (Small Commercial)
(Not greater than 30 kW demand and 10,000 kWh use per month)
Customer Charge (per customer, per month) $21.89 $21.89
All KWh per month (add to Customer charge) $0.19 $0.38
The minimum monthly charge shall be $24.31 $24.31
Schedule" J" - General Light & Power (Large Commercial)
(Greater than 30 kw and less than 100 kW demand or 10,000 kWh per month)
Customer Charge (per customer, per month) $36.48 $36.48
Demand charge per KW of monthly demand $6.08 $6.08
Energy charge(added to demand charge)
All kWh per month (add to customer charge) $0.16 $0.35
The minimum monthly charge shall be $182.37 $182.37
Schedule"L" - Large Power (Primary)
(Demand greater than 100 kW - metered on primary side of meter)
Customer charge (per customer, per month) $334.35 $334.35
Demand charge per kW of monthly demand $13.13 $13.13
Energy charge (added to demand charge)

First 400 kWh per kW of billing demand $0.14 $0.34

All over 400 kWh per kW of billing demand $0.13 $0.32
Schedule" P" - Large Power (Secondary)
(Demand greater than 100 kW - metered on secondary side of meter)
Customer charge (per customer, per month) $346.51 $346.51
Demand charge per kW of monthly demand $10.45 $10.45
Energy charge (added to demand charge)

First 400 kWh per kW of billing demand $0.15 $0.34

All over 400 kWh per kW of billing demand $0.13 $0.33
Schedule” Q" Modified - Cogenerators
Energy credit payment rate to customers (per kWh) $0.22
Schedule" SL" - Street Lighting
(Depending on type of service)
All kWh per month (add to fixture charge) $0.42

The minimum monthly charge shall be the fixture charge, see KIUC Website
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4.0 Economic Parameters

This section presents the economic parameters and major assumptions adopted for
use in the economic screening and detailed analysis. These parameters and assumptions
include inflation and escalation rates, financing assumptions, the study discount rate, the
interest during construction rate, indirect cost adders to supply-side costs, the fuel price
forecast, and the load forecast.

4.1 Inflation Escalation Rates

The genera inflation rate assumed in this IRP is 3.0 percent throughout the
planning period. This applies to the escalation of the resource option capital costs, fixed
operation and maintenance (fixed O&M) escaation rate, and non-fuel variable O&M
costs. The escalation rate assumed for fuel costsis presented in Section 4.6.

4.2 Financing Assumptions

The dternatives studied in this analysis that require financing assume a 100
percent debt financing structure for KIUC. Other financing assumptions applied to the
capital costs include the following:

Book Life: 25 years

Debt Interest Rate: 5.0 percent for the bus-bar screening evaluations;
5.0 percent for production cost modeling

Prop Tax Rate: 0.0 percent

Insurance Rate: 0.1 percent

4.3 Present Worth Discount Factor

For the purpose of this analysis, it is assumed that the present worth discount rate
would be equal to the interest rate on debt. This was assumed to be 5.0 percent for the
levelized cost of energy calculations (Section 5) and for the production cost simulation
(Section 8).

4.4 Interest During Construction Interest Rate

The rate of interest on funds drawn during construction was assumed to be equal
to the debt interest rate. When calculating the total installed cost of aresource option the
method used in this analysis escalates current year direct and indirect costs to the mid-
point of construction at the inflation rate, and then applies the interest during construction
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(IDC) rate from the mid-point of construction to the commercial operation date. The
total installed cost then becomes the capita cost escaated to the mid-point of
construction, plusthe IDC cost. This“overnight construction” convention is a commonly
used method that yields satisfactory estimates of total installed costs while avoiding the
need to develop detailed, month-by-month, drawdown schedules for each option under
consideration.

4.5 Indirect Cost Adder

The capital costs developed in Section 5 are current year, direct EPC costs that
include the cost of all plant equipment, construction costs, and indirect EPC costs that
would be included in aturn-key bid. Costs also include various indirect costs that may be
incurred by the owner above and beyond the direct EPC costs. As shown in Table 4-1,
there are several potential components of the indirect costs. These are typicaly
capitalized and made part of aplant’stotal capital cost.

The most costly items listed in Table 4-1 are typicaly the project devel opment
costs, financing costs (especialy interest during construction), and off-site utility
interconnections. Based on the experience of Black & Veatch on numerous actua
projects, the Owner’s costs can be highly variable from one project to another. A review
of over two dozen conventional projects indicated a range in the Owner’s costs from 28
to 71 percent of the total plant cost. Based on these projects, the average value of
Owner’s cost was 40 to 44 percent of the total base plant cost. This is a significant
portion of the total capital requirements for a project.

A consideration that could significantly affect Owner’s costs is whether the owner
is an investor-owned utility, an Independent Power Producer (IPP), a cooperative or
municipa utility. Typically, IPP projects have the highest indirect costs, and most of the
plants studied by Black & Veatch were IPP projects. This suggests that the indirect costs
appropriate to the KIUC IRP could be significantly lower than the average values
indicated above. Savings may arise for the following reasons:

Detailed project agreements requiring legal, financial, and technical advisors
would be avoided for awholly-owned KIUC plant.

Financing costs and fees may be lower, particularly with RUS financing.
Fuel and consumables prior to commercial operation may be recovered
through rates/sales.

Fundsto cover interest during construction are potentially lower for a
cooperative utility because of its lower cost of capital.
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Table4-1. Possible Owner’s Costs.

Proj ect Development:
Site selection study

Land purchase/ options/ rezoning
Transmission / fuel pipeline rights of way
Road modifications/ upgrades
Demolition (if applicable)

Environmental permitting / offsets

Public relations/ community development

Legal assistance

Utility Interconnections:
Fuel Supply (if applicable)
Fuel system upgrades (if applicable)
Electrical transmission
Supply water
Wastewater / sewer (if applicable)

Spare Partsand Plant Equipment:
AQCS materias, supplies, and parts
Steam turbine materials, supplies, and parts
Boiler materials, supplies, and parts
Balance-of-plant equipment / tools
Rolling stock

Plant furnishings and supplies

Owners Project Management:

Preparation of bid documents and selection
of contractor/s and suppliers.

Provision of project management
Performance of engineering due diligence

Provision of personnel for site construction
management

Plant Startup / Construction Support:
Owner’s site mobilization

O&M staff training

Initial test fluids and lubricants

Initial inventory of chemicals/ reagents
Consumables

Cost of fuel not recovered in power sales
Auxiliary power purchase

Construction all-risk insurance

Taxes/ Advisory Fees/ Legal:
Taxes

Market and environmental consultants
Owner’slegal expenses:
PPA
Interconnect agreements
Contracts-procurement & construction

Property transfer

Owner’s Contingency:

Owner’s uncertainty and costs pending final
negotiation:

Unidentified project scope increases
Unidentified project requirements

Costs pending final agreement (e.g.,
interconnection contract costs)

Financing:

Financial advisor, lender’slegal, market
analyst and engineer

Interest during construction
Loan administration and commitment fees

Debt service reserve fund
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Considering these factors alone, it is reasonable to assume that, other things being
equal, the total Owner’s costs for a cooperative utility are at least 10 percent lower than
for an IPP project, in the 25 to 30 percent range.

The other primary issue involved in determining an appropriate Owner’s cost
alocation for planning purposes concerns the type of plant being built. Some Owner’s
costs are comparable in absolute costs across technologies, implying a declining cost in
percentage terms for more capital-intensive options, while other cost items would be
significantly higher in absolute costs and perhaps in percentage terms. For example, any
power plant requiring a certificate of public convenience and necessity from a state utility
commission prior to construction would be expected to incur relatively comparable costs
for this process among technology types meaning, on a percent basis, the cost could be
lower for a 20 MW biomass unit than a 1.6 MW landfill gas unit due to the higher total
construction cost of the biomass plant. On the other hand, IDC costs would be higher in
absolute terms and in percent terms for a biomass plant relative to alandfill gas plant due
to the long construction period involved.

The Black & Veatch study estimating a 40 to 44 percent Owner’'s cost level
(adjusted to 25 to 30 percent for a cooperative) consisted primarily of combined cycle
units. While the variation is large with any technology, the following percent adders are
reasonable for IRP planning purposes, based on a cursory review of other studies with
which Black & Veatch has been involved:

Combined cycle: Owner’s costs 22 percent of the EPC cost not including IDC.
Simple cycle, diesel, and other technologies including renewabl e options
having arelatively short-lead time but small (generally lessthan 5 MW) size:
Owner’s costs 17 percent of the EPC cost not including IDC.

4.6 Fuel Forecast

The conventional power plants on the KIUC system are fueled either by diesel or
naphtha, and these two fuels are options for the conventional options considered in this
IRP. Coal is not considered as a fuel for any option. This section presents the diesel and
naphtha fuel forecasts developed for the IRP by Stillwater Associates, Inc. of Irvine,
California. Base, high, and low price forecasts were also developed for these fuels.

In addition to these traditional fuels, KIUC is considering burning biodiesel in its
conventional units and initiated test burns in its existing units in 2007. If the final test
results indicate that biodiesel can be cost-effective without significant reliability and unit
condition impacts, it will be possible for KIUC to provide power through no reliance on
conventional liquid hydrocarbon fuels. A description of biodiesel production is provided
at the end of this section.
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4.6.1 Fuel Price Forecast Methodology

To develop the KIUC fudl price forecast for diesel and naphtha, projections by the
US Department of Energy’s Energy Information Administration (EIA), ExxonMobil, and
Wood Mackenzie were reviewed. The most complete forecast of energy prices that is
publicly available is developed by the EIA, as contained in their publication: Annua
Energy Outlook (AEO).

To develop a Kaua'i specific forecast, the historical average annual price that
KIUC paid for high sulfur diesel fuel and naphtha was calculated. The average of these
prices was compared with average nationa transportation diesel prices reported by EIA.
The transportation diesel price was used as the reference because KIUC's prices are
referenced to the Los Angeles spot diesel market. Based on the differentia between
KIUC historical prices and the historical transportation diesel prices, a differential was
calculated and this differential was applied to the EIA price forecast of diesel prices to
derive aforecasted KIUC price for diesel and naphtha.

Table 4-2 lists the base case forecast on a cents/gallon and $/Mbtu basis. The
base case forecast indicates that on a cents/gallon basis, the price of diesdl is projected to
increase from 275 cents/gallon in 2009 to 446 cents per galon in 2028. This equates to
an average annual growth rate of 2.58 percent. For naphtha, the price is projected to
increase from 221 cents/gallon in 2009 to 372 cents per galon in 2028, aso a 2.78
percent annual average growth rate.

4.6.2 High and Low Forecasts

The alternative high and low fuel price forecasts are linked to the AEO high and
low cases. These cases are, in turn, driven by different assumptions about world oil
supply. Theresulting alternative forecasts are shown in Table 4-2, Figure 4-1, and Figure
4-2.

Results indicate that under the high fuel forecast, diesel would increase from 278
cents per gallon in 2009 to 554 cents per gallon in 2028, an annual average increase of
3.70 percent. Under the low price forecast, the price of diesel would increase from 275
cents per gallon in 2009 to 277 cents per gallon in 2028, an annual average increase of
0.04 percent.

For naphtha, the high fuel forecast projects prices to rise from 224 cents per
galon in 2009 to 480 cents per gallon in 2028 (a 4.09 percent annual average growth
rate). Under the low fuel forecast, prices increase from 221 cents per gallon in 2009 to
203 cents per gallon in 2028 (a-0.45 percent annual average rate of change).
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Figure4-1. Naphtha Price Forecasts.
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Table4-2. TheKIUC Base, High, and L ow Forecastsfor Diesel and Naphtha.

Base Case High Case Low Case Base Case High Case Low Case
Year Diesel Diesel Diesel Naphtha Naphtha Naphtha
Cents Per Gallon
2009 274.6 277.6 274.6 220.6 223.7 220.6
2010 264.4 274.8 244.5 211.6 222.0 191.7
2011 263.7 288.0 226.5 211.0 235.3 173.8
2012 2574 292.9 204.1 205.5 240.9 152.1
2013 2574 307.1 184.9 205.5 255.1 132.9
2014 265.3 321.7 177.9 2124 268.8 125.0
2015 266.1 3314 161.5 2131 278.4 108.5
2016 266.9 343.7 144.2 213.8 290.6 91.1
2017 276.3 361.6 145.5 222.1 307.5 914
2018 288.8 377.0 152.1 233.2 3214 96.4
2019 308.6 396.4 166.9 250.6 338.5 108.9
2020 327.1 416.0 186.4 267.0 355.9 126.3
2021 334.8 434.8 181.2 273.7 3738 120.2
2022 349.0 451.9 192.4 286.3 389.2 129.7
2023 361.7 463.6 205.0 297.5 399.5 140.8
2024 374.6 478.3 2145 308.9 412.7 148.8
2025 392.3 493.3 231.1 324.6 425.5 163.4
2026 410.7 511.8 248.2 340.8 441.9 178.3
2027 428.3 530.9 261.9 356.4 458.9 190.0
2028 446.2 553.6 276.6 372.2 479.5 202.6
$/MBtu (LHV)

2009 20.04 20.27 20.04 18.23 18.48 18.23
2010 19.30 20.06 17.85 17.48 18.35 15.85
2011 19.25 21.03 16.53 17.44 19.45 14.36
2012 18.79 21.38 14.89 16.98 19.91 12.57
2013 18.79 22.42 13.50 16.98 21.08 10.99
2014 19.36 23.48 12.99 17.55 22.21 10.33
2015 19.42 24.19 11.79 17.61 23.01 8.97
2016 19.48 25.08 10.53 17.67 24.01 7.53
2017 20.17 26.40 10.62 18.36 25.41 7.55
2018 21.08 27.52 11.10 19.27 26.56 7.97
2019 22.53 28.94 12.18 20.71 27.97 9.00
2020 23.88 30.36 13.61 22.07 29.41 10.44
2021 24.44 31.74 13.23 22.62 30.89 9.94
2022 25.48 32.98 14.04 23.67 32.16 10.72
2023 26.40 33.84 14.96 24.59 33.02 11.64
2024 27.34 34.91 15.66 25.53 34.10 12.30
2025 28.64 36.00 16.87 26.83 35.17 13.50
2026 29.98 37.35 18.11 28.16 36.52 14.73
2027 31.26 38.75 19.12 29.45 37.93 15.70
2028 32.57 4041 20.19 30.76 39.63 16.74
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4.6.3 Biodiesel Overview

KIUC is currently exploring the use of biodiesel in its existing generation units.
This option would have several potential advantages including reduced reliance on diesel
and naphtha, reduced emissions, and if a biodiesel agricultural production facility were
located on Kaua'i, socioeconomic benefits including labor benefits and the productive
use of agricultural lands. Use of biodiesel would also provide a means to achieve the
renewable energy goals dictated by RPS. In fact, depending on the final resource plan
selected, use of biodiesel could allow KIUC to generate virtually all of its electricity from
renewable sources. For these reasons, even though fuel substitution does not constitute a
true capacity option, information on biodiesel is developed in this section. Interest in
biodiesel has increased significantly over recent years because of increased petroleum
prices and recently enacted tax incentives.

Biodiesel is a nontoxic, biodegradable, and renewable fuel that can be used in
diesel engines with little or no modification. It can be produced from oils and sources of
free fatty acids such as animal fat, vegetable oil (soy, corn, palm, etc.), and waste greases,
and is completely miscible with petroleum diesel. Biodiesal is produced by removing
excess hydrocarbons from these oils to create a shorter chain molecule that is chemically
more comparable to diesel fuel. An acohol, such as methanol, is reacted with the ail
over the presence of a catalyst, usually sodium or potassium hydroxide. This process is
known as transesterification. Transesterification produces glycerin and methyl esters.
The methyl esters are collected, washed, and filtered to yield biodiesel. The glycerin has
several commercial uses, the most common one being the manufacture of soap.

In many respects, biodiesal is technically a superior fuel to No. 2 diesal. As
mentioned previously, the fuel generaly results in lower emissions. In addition,
biodiesel has excellent lubricity characteristics, which is particularly important as use of
ultraslow sulfur diesel increases. On the negative side, the heating value of biodiesel
(117,000 Btu/gallon, LHV) is about 10 percent lower than standard diesel. As such, the
volumetric efficiency (miles per gallon) for transportation applications is proportionately
reduced. However, on a thermal efficiency basis (energy out / energy in) biodiesel has
been shown to have no significant impact on engine performance. The later measure is
more relevant for power generation applications.

On the mainland, soybean oil is the dominant feedstock to biodiesel, athough
there are a number of smaller production facilities that process animal fats or waste
vegetable oils (WVO) gathered from restaurants. Pacific Biodiesel’s plants in Honolulu
and Kahului process WV O as well as tallow made from animal fats. In Europe, biodiesel
is made from rapeseed oil, a cousin of canola oil. Malaysiais a major exporter of palm
oil and is beginning to build biodiesel refineries to process that feedstock alternative.
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Biodiesel demand is on the rise worldwide as high oil prices combined with
geopolitical risks and concerns about national security have made it more attractive as an
environmentally friendly alternative to petroleum diesel fuel. The substantial increase in
biodiesel demand and decrease in barriers to entry have been the main drivers of the
current build-up in world biodiesel capacity.

Biodiesel growth is the fastest growing aternative fuel according to the
Department of Energy. Much of the growth has been stimulated by the recently enacted
$1.00 per gallon federal tax exemption for biodiesel blends and the simultaneous rise in
petroleum diesel prices. Currently, approximately 37 billion galons of diesel fuel is
consumed by the US transportation sector each year. Projections from the National
Renewable Energy Laboratory (NREL) estimate that the US could replace up to 18
percent of diesel consumption using biodiesel blended in the fuel. The growth is also
demonstrated in the explosion of US biodiesel capacity, from approximately 0.5 million
galons in 1999 to over 250 million gallons in 2006. As of September 2007, there was
over 2,600 million gallons of production capacity either online or under construction
according to the NBB and Biodiesel Magazine. Over the past year, much of the
enthusiasm for new biodiesel plant construction has waned due to rising costs for the bio-
based feedstocks and tightening credit markets.

Biodiesel production plants are sized relative to the availability of the necessary
feedstock. A typical size of commercial scale plants in the Mainland is 30 million
galons per year (MM GPY). Most plants have been developed in farm areas in the
Midwest, near soybean crushing facilities, although several plants have been built on the
Houston ship channel to give them the flexibility to process domestic or foreign
vegetable oils.

Biodiesel activity in Hawali has been sporadic. Imperium Renewables had
announced their intent to build a 100 MM GPY biodiesel facility on Oahu. However,
plans for this facility appear to be on hold. Further, Hawaiian Electric Company (HECO)
in Oahu has announced that it intends to fuel a new peaking combustion turbine project
with up to 20 MM GPY of biodiesel, most likely to be supplied by off-island sources in
the near-term. Due to an agreement with state regulators, the plant is intended to burn
exclusively biofuels. Siemens is providing the turbine for the project. The plant is
expected to come online in 2009. BlueEarth had aso announced a large plant on Maui
with MECO; however, this facility also appears to be delayed.

The largest biodiesel production cost is the oil or fat feedstock. Depending on the
size of the biodiesel production facility and the feedstock used, the feedstock cost can
account for up to 75 to 85 percent of the total production cost per gallon. Currently,
Malaysian pam ail is the cheapest oil-based feedstock. Feedstock prices are largely tied
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to commodity markets and their prices are constantly shifting. Waste oil, fats, and grease
are generally cheaper than vegetable ail, but their quantities are limited.

Chemica costs (primarily methanol and catalyst) represent the second largest
contributor to biodiesel production costs at 10-15 percent of the overall costs. These
costs are not impacted by the size of the plant on a per gallon basis. Other production
costs include equipment, energy, labor, and overhead and maintenance. At about
$1/gallon, capital costs for biodiesel facilities are relatively low. For comparison, ethanol
plants are closer to $2/gallon. Figure 4-3 shows the average distribution on a percentage
basis for a US based soybean biodiesel facility. At late 2007 soybean oil prices,
production costs total about $3.50/gal (excludes incentives). This trandates to about
$29/MBtu (LHV basis), excluding tax incentives. Biodiesel pricing typicaly tracks
pricing for No. 2 diesel, generally with a premium. However, it may be difficult to
secure long-term supplies of biodiesel due to the current market volatility.

Labor, $0.03 Depreciation, $0.08 Qverhead and
Maintenance, $0.06

Energy, $0.03

lTotal = $3.47/gallon

Chemical, $0.19

Feedstock, $3.08

Figure4-3. Production Cost Distribution ($/gal) for a Typical 30 MGY Soy
Biodiesel Plant (Adapted from Building a Successful Biodiesel Business).

The use of biodiesel on Kaua'i could involve the direct import of biodiesel for use
in KIUC's facilities. A second option would be to import the raw feedstock for
processing at a Kaua'i biodiesel facility. Finally, it is possible that a biodiesel production
facility on Kaua'i could convert locally grown feedstock into biodiesel. Farming of
locally grown oil crops isin its infancy in Hawai'i, and this final option would require
development of supporting agricultural industry.
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Conceivably, a commercial scale biodiesel plant on Kaua'i could be sized to meet
both utility and Island transportation demands. Assuming 30-45 MM GPY of utility and
5-10 MM GPY of transportation diesel demand, the plant could be as large as 35 — 55
MM GPY capacity if sized to meet the total demand. As an aternative to siting afacility
on theisland, biodiesel could also be imported from projects on Oahu and Maui.

Locally produced feedstocks for biodiesel production could include palm oil from
the wetter areas of the Island and jatropha on the dryer slopes, although additional studies
would need to be performed to determine if sufficient pam tree growth is possible to
provide areliable feedstock on Kaua'i.

Biodiesd is a potential substitute or blending feedstock in KIUC's existing and
new plants. Use of biodiesel in power applications is relatively new, both to KIUC and
the industry in general. The largest constraint currently for biodiesel appears to be the
inability to secure large quantities of fuel for power generation at low prices.

4.7 The KIUC Load Forecast

The load forecast is a key input to the IRP study and consists of a peak demand
forecast and a projection of the total energy requirements for each year of the planning
horizon. The peak load forecast is important because each long-term expansion plan
under consideration must have sufficient capacity to meet the peak demand plus an added
capacity margin, dictated by the adopted reliability criterion. The energy requirements
forecast is key because the energy produced determines the production costs (fuel and
variable O& M) for the system, the largest cost component for a utility and approximately
50 percent of KIUC's costs in 2007. This section discusses the load forecast utilized for
the KIUC IRP.

4.7.1 The LCG Consulting Forecast for the KIUC System

The KIUC IRP load forecast has roots dating to 2003, when KIUC retained LCG
Consulting (LCG) of Los Altos, California to develop a system load forecast. The
forecast developed was intended to serve as the basis for KIUC's IRP. Forecast results
were delivered to KIUC in 2004, and the entire LCG report is included as Appendix B.
Since some time had elapsed between the completion of the LCG load forecast and the
preparation of the IRP, there was an opportunity to review the LCG forecast and to
update the model. This process is described below.

4.7.2 General Discussion of Econometric Models
The LCG forecast was prepared using an econometric model developed for the
KIUC system. Econometric models are commonly used in the utility industry and have
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generally provided satisfactory results for long-range system planning purposes.
Alternatives to an econometric model include more simplistic time trend analyses, as well
as more detailed end use models.

Econometric models utilize regression analysis whereby a dependent variable,
such as energy saes, is modeled as a function of one (simple regression) or more
(multiple regression) independent variables, also called explanatory variables. The
objective is to predict the average value of a dependent variable given fixed values of the
independent variable(s).> For example, energy sales may be modeled as a dependent
variable and population may be considered the independent variable. Graphically, the
relationship between the dependent and independent variable is often found to follow the
pattern shown in Figure 4-4 where energy sales is assumed to be the dependent variable
and population is the independent variable. When expressing this relationship
mathematically, the regression functional form can be written as follows:

Y= 0+ 1Xi +ui

Where: Y is the dependent variable, Xi is the independent variable, O is the
intercept coefficient, 1 isthe slope coefficient, and ui is the residual term. Thus, in the
example, 1 measures the change in the mean value of Y (energy saes in this example)
per unit change in Xi (population) and determines the slope seen in Figure 4-4. A
common technique to estimate coefficients is ordinary least squares regression analysis,
so named because a regression line is selected that minimizes the sum of the squared
residuals. This method is considered to be the best linear unbiased coefficients estimator.

8 Regression analysis deals with the dependence of one variable on another, but does not necessarily imply
causation, which arise from economic theory, observation, or other source.
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Figure 4-4. Basic Relation of Idand Energy Sales and Population.

Econometric models often contain multiple independent variables because a
multi-variable model may provide greater explanatory power than a single variable
model. For example, some utilities have also determined that temperature and the price
of retail energy sales are key explanatory variables in predicting energy sales. A multi-
variable econometric model reflecting this scenario would take the functiona form:

Y= 0+ 1X1li +B2X2i +ui

One of the most important measures of how well the independent variables
explain the variation in the dependent variable is called the coefficient of determination,
r? (for simple regression, R? for multiple regression). The coefficient of determination
indicates the percentage of total variation in the dependent variable explained by the
regression model. The value of r? will range from a high of 1 (100 percent of the
variation is explained by the regression model) to a low of 0 (no variation in the
dependent variable is explained by the model). Thus, if a regression analysis that
modeled energy sales as a function of population produced an r® of .75, it would mean
that 75 percent of the demand for energy is explained by the regression model.

4-13



Kaua'i Island Utility Cooperative
Integrated Resource Plan 4.0 Economic Parameters

While the R? is a useful figure, the “adjusted R*" is a better reflection of the
explanatory power of a model as it adjusts for the number of independent variables, and
reduced degrees of freedom, in the model. The adjusted R? should be less than the R.

Once the functional form of an equation is selected, it is then possible to project
the future value of the dependent variable given a forecast for the independent variables,
based on the assumption that the coefficient estimate will remain a good indicator of the
relationship between the dependent and independent variables. In the present example, it
is possible to forecast energy sales given aforecast of future population.

4.7.3 The LCG Forecast Model and Results
The LCG analysis determined that energy sales were best forecast as a function of
the following four independent variables:
Kaua'i resident population
average annual energy sales pricein real dollars
number of average daily visitorsto Kaua'i
total persona income on Kaua'i

In developing the model, these variables were expressed in their natural log form.
In addition, LCG prepared both atraditional linear regression model and, in an attempt to
better account for additional influences over time that are not directly measured through
the selected independent variables, also developed a more sophisticated autoregressive
integrated moving average (ARMA) model.°

Results of the LCG single equation linear regression model indicated that the
model accounted for 99.1 percent of the historical variation in energy requirements
during the 1970-2002 period. Even so, LCG judged that the ARMA model produced
results with higher predictive power, and the ARMA model was used to forecast |oad
growth.’® All parameter estimates had the expected signs, and resident population was
the most statistically significant explanatory variable, followed by visitor population and
total income. The average electricity price was not significant at the 90 percent level in
the ARMA mode though it was in the single equation linear regression model.

Once the functional form of the energy sales econometric model was determined,
LCG forecasted the electricity sales for the 2003 through 2025 period based upon the
projected values of the independent variables and the estimated coefficient. Forecasts of
resident population, visitor population, and total income on Kaua'i were obtained from

® Generally, an autoregressive model is one in which lagged value(s) of the dependent variable are modeled
as one of the explanatory variables.
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various state and federal government sources, and electricity sales prices were escalated
at 2.5 percent per year throughout the forecast period. LCG also developed high and low
forecasts based on high and low values for the independent variables that were taken
from, or based on, several county and state data sources. See Appendix B for the base,
high, and low growth val ues assumed for these parameters.

The IRP requires a projection of required energy generation, which differs from
energy sales primarily due to losses and internal usage. To make this adjustment, LCG
scaled its projection of energy sales upward by approximately 5.5 percent. The resulting
base LCG forecast of energy requirements is shown in Table 4-3. Also shown are the
high and low energy requirement forecasts. Under the base case forecast, total energy
requirements were projected to increase at an annual growth rate of 2.8 percent, from 454
GWh in 2003 to 836 GWh in 2025. Under the high growth scenario, the annual average
growth rate (AAGR) for energy requirements was projected to be 3.5 percent, increasing
from 460 GWh in 2003 to 976 GWh in 2025. Under the low growth scenario, the AAGR
of energy requirements was projected to be 1.3 percent, increasing from 448 GWh in
2003 to 600 GWh in 2025.

19The ARMA (2,2) model was selected out of several ARMA modelstested. This model uses the past two
values of the dependent variable and the past two error terms.
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Table4-3. LCG Base, High, and L ow Forecast of Total Energy Requirementson
the KIUC System (GWh), 2003-2025.

Y ear Base High L ow
2003 454 460 448
2004 456 476 452
2005 462 493 455
2006 473 510 460
2007 491 528 466
2008 505 547 471
2009 522 566 477
2010 536 586 483
2011 554 606 488
2012 571 627 494
2013 589 649 499
2014 607 671 505
2015 625 694 510
2016 645 718 516
2017 665 743 522
2018 685 769 527
2019 706 796 533
2020 727 823 539
2021 748 852 551
2022 770 881 563
2023 792 912 575
2024 814 944 587
2025 836 976 600
AAGR, % per Y ear 2.81 3.48 1.34

Source: Appendix A: LCG's Integrated Resource Plan Draft Report, March 19, 2004,
Figure 1.7, page 24; see Appendix B. Annual average growth rates calculated by Black
& Vesaich.

To project the peak system demand, LCG assumed that the ratio of peak GWh
load to the annual GWh load for 2002 would continue in the future, and that the monthly
peak loads would continue to comprise the same fraction of the annua peak as occurred
in 2002. The resulting LCG peak demand forecast is presented in Table 4-4 under the
base, high, and low growth cases. The annual average growth rates in each of these
scenarios reflect the growth rates for total energy requirements in the base, high, and low
cases. Peak demand was projected to increase from 71 MW in 2003 to 131 MW in 2025
in the base case. This compared to an increase from 72 MW to 154 MW in the high
growth case and from 70 MW to 94 MW in the low growth case.
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Table4-4. LCG Base, High, and L ow Forecast of Annual Peak Generation on the
KIUC System (MW), 2003-2025.

Y ear Base High L ow
2003 71 72 70
2004 72 75 71
2005 73 78 72
2006 74 80 72
2007 77 83 73
2008 79 86 74
2009 82 89 75
2010 84 92 76
2011 87 95 77
2012 89 98 77
2013 92 102 78
2014 95 105 79
2015 98 109 80
2016 101 112 81
2017 104 117 82
2018 107 121 83
2019 111 125 84
2020 114 129 84
2021 117 134 86
2022 121 138 89
2023 124 143 90
2024 128 148 92
2025 131 154 94
AAGR, % per Y ear 2.82 3.52 1.35

Source: LCG'’s Integrated Resource Plan Draft Report, March 19, 2004, Figure 1.7, page
24. Annual average growth rates calculated by Black & Veatch

4.7.4 Update of the IRP Forecast

The load forecast developed by LCG has been updated for integration in this IRP.
The forecast continues to utilize the independent variables of population, income, and
visitor population while the historical and forecast values have been updated to reflect
recent data and projections. The historical and forecast values of the independent
variables are shown in Table 4-5. While independent variables related to electricity sales
price, temperature and Hurricane Iniki (a dummy variable) were also tested for inclusion
in the forecast, these variables did not further improve the explanatory power of the
forecast equation and were not included.

Average annua growth rates (AAGRS) were calculated from the updated forecast
of each variable and these AAGRs were applied to produce a year-by-year estimate of
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each independent variable. Based on the results of the regression analysis, energy
requirements were forecast as a function of the updated independent variables. Finaly,
the projected impact of incremental demand-side programs was incorporated. The base
case results are shown in Table 4-6. The forecast predicts that energy requirements will
increase at a 2.27 percent AAGR, and will increase from 515 GWh of generation in 2009
to 789 GWh in 2028. The forecasted base case peak demand was based on the growth
rate in energy requirements from the previous year, further adjusted for the impact of
incremental demand-side management programs, and is projected to be 82 MW in 2009
and increase to 126 MW in 2028.

Table4-5. 2030 Estimatesand AAGRs of Independent Variables

Population Income Visitors
Year Round (000,000®) Average Daily Visitors
Historical Value | 62,829 (2007) 1,820 (2005) 20,994 (2006)
2010 65,340 2,416 20,917
2015 69,430 3,114 21,202
2020 73,520 3,978 21,460
2025 77,510 5,063 21,677
2030 81,370 6,447 21,851
AAGR 1.13% 5.19% 0.17%

Source: Forecasted values based on Population and Economic Projections for the State of
Hawai i to 2035
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Table 4-6. Forecast Yearly Generation and Peak Demand.

Base High L ow

GWh MW GWh MW GWh MW
2009 515 82.0 525 83.5 495 78.8
2010 525 83.5 539 85.7 496 79.0
2011 535 85.2 553 88.1 497 79.1
2012 545 86.9 569 90.6 498 79.4
2013 557 88.7 585 93.2 499 79.6
2014 568 90.6 602 95.9 501 79.9
2015 581 92.6 620 98.8 503 80.2
2016 593 94.6 638 101.8 504 80.5
2017 606 96.7 658 104.9 506 80.8
2018 620 98.9 678 108.1 508 811
2019 634 101.2 699 111.4 510 814
2020 649 103.5 721 114.9 512 81.7
2021 664 106.0 743 118.6 513 82.0
2022 680 108.5 767 122.4 515 82.4
2023 696 111.2 792 126.4 517 82.7
2024 713 1139 818 130.6 519 83.0
2025 731 116.8 845 134.9 521 834
2026 750 119.7 874 1394 523 83.7
2027 769 122.8 903 144.2 525 84.1
2028 789 126.0 934 149.2 527 84.4
AAGR 2.3% 2.3% 3.1% 3.1% 0.3% 0.4%

High and low forecast sensitivities were also developed by adjusting the base case
AAGR of the independent variables as indicated in Table 4-7. The possibility of large
commercia customers, e.g. resort hotels, leaving the electric grid is indirectly covered
under the low load growth scenario. Results of the high and low forecasts are shown in
Table 4-6. In the high forecast scenario the AAGR of energy requirements and peak
demand is projected to be 3.1 percent. In the low case scenario, the AAGR islessthan 1
percent. Peak demand in 2028 under the high and low scenarios is projected to be 149.2
MW and 84.4 MW, respectively
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Table4-7. Sensitivity Case AAGRs

Population Income Visitors
Base Case 1.13% 5.19% 0.17%
High Case 1.63% 6.19% 1.17%
Low Case 0.17% 1.69% 0.00%

4.7.5 The KIUC Capacity Balance and Need for Power

A capacity balance compares the peak demand forecast with available capacity
and the reserve criteria to determine the year in which additional capacity is needed on a
utility system. KIUC applies two criteriafor system planning purposes:

1. KIUC must have sufficient firm capacity installed to serve its system peak
load, which occurs in the evening, when its largest single unit is out of
service, and

2. KIUC must have sufficient firm capacity installed to serve its morning peak
load when its largest unit is out of service and when its third largest unit is
unavailable.

Table 4-8 evauates the need for capacity under the first criterion and compares
the base case overall system peak forecast with the existing KIUC capacity less the
largest unit on the system. The third column indicates that under the base forecast,
additional capacity is needed when the load exceeds 93.75 MW, and this occurs in 2016
when the peak demand is projected to be 94.6 MW. The need increases to 32.3 MW by
the end of the planning period in 2028.

The capacity balances associated with the alternative forecasts are shown in Table
4-9 and Table 4-10 under the overall system peak criterion. In the high forecast, the need
arises in 2014 and no need arises in the low forecast. In the high forecast, the need for
power reaches 55.4 MW in 2028.
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Table 4-8. Base Case Capacity Balance— Overall System Peak Criterion

Existing Existing Gener ation|Peak Demand Surplus/ (Deficit)
Firm Generation| LessLargest Unit | Base-Case of Generation
Y ear (MW) (MW) (MW) (MW)
2009 121.25 93.75 82.0 11.7
2010 121.25 93.75 835 10.2
2011 121.25 93.75 85.2 8.6
2012 121.25 93.75 86.9 6.9
2013 121.25 93.75 88.7 51
2014 121.25 93.75 90.6 3.2
2015 121.25 93.75 92.6 12
2016 121.25 93.75 94.6 (0.9
2017 121.25 93.75 96.7 (3.0)
2018 121.25 93.75 98.9 (5.2
2019 121.25 93.75 101.2 (7.4
2020 121.25 93.75 103.5 (9.8)
2021 121.25 93.75 106.0 (12.2)
2022 121.25 93.75 108.5 (14.8)
2023 121.25 93.75 111.2 (17.4)
2024 121.25 93.75 113.9 (20.2)
2025 121.25 93.75 116.8 (23.0)
2026 121.25 93.75 119.7 (26.0)
2027 121.25 93.75 122.8 (29.1)
2028 121.25 93.75 126.0 (32.3)
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Table4-9. High Growth Scenario Capacity Balance — Overall System Peak Criterion

Existing Existing Generation| Peak Demand | Surplus/ (Deficit)
Firm Generation | LessLargest Unit High-Case of Generation
Y ear (MW) (MW) (MW) (MW)
2009 121.25 93.75 83.5 10.2
2010 121.25 93.75 85.7 8.0
2011 121.25 93.75 88.1 5.7
2012 121.25 93.75 90.6 3.2
2013 121.25 93.75 93.2 0.6
2014 121.25 93.75 95.9 (2.2)
2015 121.25 93.75 98.8 (5.0)
2016 121.25 93.75 101.8 (8.0)
2017 121.25 93.75 104.9 (11.1)
2018 121.25 93.75 108.1 (14.3)
2019 121.25 93.75 1114 (17.7)
2020 121.25 93.75 114.9 (21.2)
2021 121.25 93.75 118.6 (24.8)
2022 121.25 93.75 122.4 (28.7)
2023 121.25 93.75 126.4 (32.6)
2024 121.25 93.75 130.6 (36.8)
2025 121.25 93.75 134.9 (41.1)
2026 121.25 93.75 139.4 (45.7)
2027 121.25 93.75 144.2 (50.4)
2028 121.25 93.75 149.2 (55.4)
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Table4-10. Low Growth Scenario Capacity Balance — Overall System Peak

Criterion
Existing Firm | Existing Generation | Peak Demand | Surplus/ (Deficit)
Generation LessLargest Unit Low-Case of Generation

Y ear (MW) (MW) (MW) (MW)
2009 121.25 93.75 78.8 14.9
2010 121.25 93.75 79.0 14.8
2011 121.25 93.75 79.1 14.6
2012 121.25 93.75 794 14.4
2013 121.25 93.75 79.6 14.1
2014 121.25 93.75 79.9 139
2015 121.25 93.75 80.2 13.6
2016 121.25 93.75 80.5 13.3
2017 121.25 93.75 80.8 13.0
2018 121.25 93.75 81.1 12.7
2019 121.25 93.75 814 12.4
2020 121.25 93.75 81.7 12.0
2021 121.25 93.75 82.0 11.7
2022 121.25 93.75 824 114
2023 121.25 93.75 82.7 111
2024 121.25 93.75 83.0 10.7
2025 121.25 93.75 834 104
2026 121.25 93.75 83.7 10.0
2027 121.25 93.75 84.1 9.7
2028 121.25 93.75 84.4 9.3

Table 4-11 lists the capacity balance using the base case forecast but under the
morning peak criterion. The results indicate that the need for power arises under this
criterion in 2013. The results indicate that the morning peak criterion constitutes the
stricter of the two reliability criteria, and is the driving force behind the need to add
additional capacity on the KIUC system. The subsequent expansion planning anaysis
described in Section 8 is based on the need to add capacity in order to meet the need for
additional firm capacity based on the deficit indicated in Table 4-11.

Table 4-12 and Table 4-13 list the capacity balance under the high and low
forecasts, and indicate that the need for power arises immediately under the high forecast
and that there is no need under the low forecast. Again, the morning peak criterion
resultsin aneed for power sooner than the overall system peak criterion.
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Table4-11. Base Case Capacity Balance: Morning Peak Criterion

Existing Firm| Existing Generation Less M orning Peak|Surplus/ (De€ficit)
Generation | First and Third Largest Unit Demand of Generation
Y ear (MW) (MW) (MW) (MW)
2009 121.25 76.25 71.3 5.0
2010 121.25 76.25 72.6 3.6
2011 121.25 76.25 74.0 2.2
2012 121.25 76.25 75.5 0.7
2013 121.25 76.25 77.1 (0.8)
2014 121.25 76.25 78.7 (2.5)
2015 121.25 76.25 80.5 (4.2)
2016 121.25 76.25 82.2 (6.0)
2017 121.25 76.25 84.1 (7.8)
2018 121.25 76.25 86.0 (9.7)
2019 121.25 76.25 88.0 (11.7)
2020 121.25 76.25 90.0 (13.8)
2021 121.25 76.25 92.1 (15.9)
2022 121.25 76.25 94.3 (18.1)
2023 121.25 76.25 96.6 (20.4)
2024 121.25 76.25 99.0 (22.8)
2025 121.25 76.25 101.5 (25.2)
2026 121.25 76.25 104.1 (27.8)
2027 121.25 76.25 106.7 (30.5)
2028 121.25 76.25 109.5 (33.3
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Table4-12. High Growth Scenario Capacity Balance: Morning Peak Criterion

Existing Firm | Existing Generation Less |[Morning Peak|Surplus/ (Deficit)
Generation | First and Third Largest Unit Demand of Generation
Y ear (MW) (MW) (MW) (MW)
2009 121.25 76.25 72.6 3.6
2010 121.25 76.25 745 1.7
2011 121.25 76.25 76.6 (0.3)
2012 121.25 76.25 78.7 (2.5)
2013 121.25 76.25 81.0 (4.8)
2014 121.25 76.25 83.4 (7.2)
2015 121.25 76.25 85.9 (9.6)
2016 121.25 76.25 88.5 (12.2)
2017 121.25 76.25 91.1 (214.9)
2018 121.25 76.25 93.9 a7.7)
2019 121.25 76.25 96.9 (20.6)
2020 121.25 76.25 99.9 (23.7)
2021 121.25 76.25 103.1 (26.8)
2022 121.25 76.25 106.4 (30.2)
2023 121.25 76.25 109.9 (33.6)
2024 121.25 76.25 1135 (37.2)
2025 121.25 76.25 117.3 (41.0
2026 121.25 76.25 121.2 (45.0
2027 121.25 76.25 125.3 (49.1)
2028 121.25 76.25 129.7 (53.49)
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Table4-13. Low Growth Scenario Capacity Balance: Morning Peak Criterion

Existing Firm Existing Generation Less |Morning Peak | Surplus/ (Deficit)
Generation First and Third Largest Unit Demand of Generation
Y ear (MW) (MW) (MW) (MW)
2009 121.25 76.25 68.5 7.7
2010 121.25 76.25 68.6 7.6
2011 121.25 76.25 68.8 7.5
2012 121.25 76.25 69.0 7.3
2013 121.25 76.25 69.2 7.1
2014 121.25 76.25 69.4 6.8
2015 121.25 76.25 69.7 6.6
2016 121.25 76.25 70.0 6.3
2017 121.25 76.25 70.2 6.0
2018 121.25 76.25 705 5.8
2019 121.25 76.25 70.7 55
2020 121.25 76.25 71.0 52
2021 121.25 76.25 713 4.9
2022 121.25 76.25 71.6 4.7
2023 121.25 76.25 71.9 4.4
2024 121.25 76.25 72.2 4.1
2025 121.25 76.25 725 3.8
2026 121.25 76.25 72.8 35
2027 121.25 76.25 73.1 3.2
2028 121.25 76.25 73.4 29
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5.0 Supply-side Resource Options

This section contains a description of a wide variety of potential supply-side
generation resources considered for this IRP. A multi-step process was undertaken to
identify those options best suited for the KIUC system. First, a comprehensive list of all
energy technologies that could be considered for the KIUC system was identified. A
number of these options were eliminated as they were clearly impractical for
consideration on the KIUC system. After screening the general technology categories,
the next step was to identify individual unit options in each technology category based on
the size of KIUC's capacity needs, existing resources mix, and IRP objectives. The
results of this process are described in this section.

5.1 Overview of Resource Option Evaluation

Supply-side resource options considered for the study included (1) renewable
resource options, (2) conventional capacity alternatives, and (3) advanced technologies.
A multi-step process was undertaken to identify those options best suited for the KIUC
system. A comprehensive list of renewable and conventional alternatives that could
conceivably be considered for the KIUC system was identified. This comprehensive list
is shown in Table 5-1, where the renewable options listed in the table were taken from
the previous Renewable Energy Technology Assessment Report prepared for KIUC.
From this comprehensive list, a number of options were not carried forward as they were
deemed to be clearly infeasible. Reasons for considering an option as clearly infeasible
included (1) technological immaturity, (2) inappropriate size scale given KIUC's needs,
(3) lack of resources or (4) a separate fatal flaw that warranted elimination to avoid
unnecessary detailed eval uation.

Table 5-1 lists the options that were eliminated. The conventional options
eliminated include all coal units, all advanced fossil fuel technologies, both nuclear
fission and fusion, and certain energy storage technologies. The predominant reason for
elimination of conventional alternatives was the large size of units relative to the KIUC
need. The energy storage technologies eliminated were screened out due to technological
immaturity or due to the lack of required physical and economic characteristics. The use
of coal was eliminated was as being inconsistent with KIUC' s strategic plan.
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Table5-1. Resource Options

Option Carried Comments
Forward?
Renewable Technologies
Direct-fired solid biomass Yes
Co-fired solid biomass No Screened out in previous renewables report
Landfill gas Yes
Biogas from anaerobic digestion No Screened out in previous renewables report
Ethanol No Screened out in previous renewabl es report
Biodiesel No Included only as fuel resource option, not a capacity
option
Waste to energy — mass burn Yes
Waste to energy — refuse derived fuel No Screened out in previous renewables report
Waste to energy — plasmaarc No Screened out in previous renewabl es report
Hydroelectric Yes
Geothermal No Screened out in previous renewabl es report
Solar photovoltaic — residential No Included as part of KIUC's net energy metering
program, but not as an IRP capacity option
Solar photovoltaic — commercial Yes Previoudly screened, but lower costsjustify
reconsideration
Solar thermal — parabolic trough Yes Previously screened, but lower costs justify
reconsideration
Solar thermal — parabolic dish No Screened out in previous renewables report
Solar thermal — central receiver No Screened out in previous renewabl es report
Solar thermal — solar chimney No Screened out in previous renewables report
Wind farm Yes
Distributed wind No Included as part of KIUC's net energy metering
program, but not as an IRP capacity option
Ocean energy — OTEC No Screened out in previous renewabl es report
Ocean energy —tidal No Screened out in previous renewables report
Ocean energy —wave No Screened out in previous renewabl es report
Multi-Fuel Distributed Generation
Small reciprocating engines Yes Included with conventional liquid fuel technologies
Small combustion turbines Yes Included with conventional liquid fuel technologies
Microturbine No Screened out in previous renewabl es report
Fuel cell No Screened out in previous renewables report
Conventional Coal Technologies
Atmospheric fluidized bed No Coal use conflicts with KIUC strategic plan
Stoker boiler No Coal use conflicts with KIUC strategic plan
Cyclone boiler No Coal use conflicts with KIUC strategic plan
Subcritical PC No Coal use conflicts with KIUC strategic plan
Supercritical PC No Coal use conflicts with KIUC strategic plan

Conventional Liquid Fuel (diesel, naphtha, potentially biofuels) Technologies
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Table5-1. Resource Options

Option Carried Comments
Forward?

Simple cycle combustion turbine No Screened out in GenX study
Simple cycle reciprocating engine Yes
Combined cycle combustion turbine Yes
Combined cycle reciprocating engine Yes
Advanced STIG combustion turbine No Screened out in GenX study
Thermal steam boiler No Screened out in GenX study
Advanced Fossil Fuel Technologies
Humid Air Turbine No Technology not fully commercial
Cascaded Humid Air Turbine No Technology not fully commercial
Kalina Cycle No Technology not fully commercial
Steam Recuperated Gas Turbine No Technology not fully commercial
(SRGT)
Intercooled SRGT No Technology not fully commercial
Chemically Recuperated Gas Turbine No Technology not fully commercial
Advanced Brayton No Technology not fully commercial
(Evaporative/Regenerative)
Advanced Brayton No Technology not fully commercial
(Reheat/I ntercool ed)
Magnetohydrodynamics No Technology not fully commercial
Pressurized Fluidized Bed No Technology not fully commercial
Indirect-fired Gas Turbine No Technology not fully commercial
Integrated Gasification Combined No Typical unit sizetoo large for Kaua'i
Cycle
Nuclear Technologies
Nuclear Fission No Typical unit sizetoo large for Kaua'i
Nuclear Fusion No Technology not fully commercial
Energy Storage Technologies
Battery Energy Storage Yes Included with wind and solar PV options
Compressed Air Energy Storage No No suitable known geology on island
Pumped Hydro Energy Storage No Difference between on and off-peak cost of energy

insufficient to justify deployment
Flywheel Energy Storage Yes Could be included with wind and PV options
Superconducting Magnetic Energy No Technology not fully commercial
Storage
Ultracapacitor Energy Storage No Technology not fully commercial
Other Technologies
SWD Waste Heat Recovery No Host SWD units have uncertain remaining life
Inter-island Cable Connection No Very highinitial cost and will still require on-island

generation for reliability.
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Based on the first stage screening analysis carried out above, the following
technology categories are characterized further in this section:

Renewable Technologies
Direct-fired solid biomass
Landfill gas
Waste to energy — mass burn
Hydroelectric
Wind energy
Solar photovoltaics
Solar thermal

Conventional Alternatives
Simple cycle reciprocating engine
Combined cycle combustion turbines and reciprocating engines

For the above aternatives, specific candidate unit options have been identified,
and cost and performance estimates have been provided for each option. This
information is used in the bus-bar cost screening and scoring methodology described in
Section 7.

Estimates are based on past project-specific studies performed for KIUC, the
experience of Black & Veatch, vendor inquiries, and aliterature review. The preliminary
estimates were used in this stage to allow the most viable candidate unit options to
advance to the detailed production cost modeling stage. As the most promising projects
identified in this IRP were furthered in the devel opment process, additional refinement of
capital cost and performance estimates occurred. These refinements resulted in updated
assessments of project feasibility, which were checked to verify consistency with the IRP.

For renewable options, the technology description includes specific project
descriptions based on the Renewable Energy Technology Assessment Report. For
conventional alternatives, the location was generally assumed to be at the Port Allen or
KPS station, and the technology description is more generic than for the renewable
options. However, for the purpose of this IRP, detailed site-specific characteristics were
not taken into account for the potential projects. In practice, additional siting work would
be necessary for any renewable or conventional generation project.
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5.2 Renewable Alternatives

5.2.1 Direct Fired Biomass

Biomass is any materia of recent biologica origin, the most common of which is
wood. Electrical generation from biomass is the second most prolific source of
renewable power, trailing only hydrological power generation.

According to the US Department of Energy, there is approximately 35,000 MW
of installed biomass combustion capacity worldwide. Combined heat and power
applications in the pulp and paper industry comprise the majority of this capacity.

Direct biomass combustion power plants in operation today essentially use the
same steam Rankine cycle discussed in this report. In many respects, biomass power
plants are similar to coal plants. By burning biomass, pressurized steam is produced in a
boiler and then expanded through aturbine to produce electricity. Prior to its combustion
in the boiler, the biomass fuel may require some processing to improve the physical and
chemical properties of the feedstock. Furnaces used in biomass combustion include
spreader stoker-fired, suspension-fired, fluidized bed (i.e. AFBC), cyclone, and pile
burners. Advanced technologies, such as integrated biomass gasification combined cycle
and biomass pyrolysis, are currently under development and were not considered viable
supply-side aternatives in this analysis. There are no integrated gasification combined
cycle plants currently operating with biomass as a primary fuel.

Applications

Although wood is the most common biomass fuel, other biomass fuels include
agricultural residues such as bagasse (sugar cane residues), dried manure and sewage
dludge, black liquor from pulp mills, and dedicated fuel crops such as fast growing
grasses and trees.
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Figure5-1. 35 MW Biomass Combustion Plant.

Biomass plants usually have a capacity of less than 50 MW due to the dispersed
nature of the feedstock, and the large quantities of fuel required. As a result of the
smaller scale of the plants and lower heating values of the fuels, biomass plants are
commonly less efficient than modern fossil fuel plants. In addition to being less efficient,
biomass is generally more expensive than conventiona fossil fuels on a $/MBtu basis
because of added transportation costs. These factors usualy limit the use of direct-fired
biomass technol ogy to inexpensive or waste biomass sources.

Resour ce Availability

To be economically feasible, dedicated biomass plants are located either at the
source of afuel supply (such as at a sugar mill) or at central location with easy access to
numerous suppliers. Inrural areas, agricultura production can often yield significant fuel
resources that can be collected and burned in biomass plants. In Hawai'i, these
agricultural resources include sugarcane trash, bagasse, macadamia nut shells, sewage
sludge/biosolids, and other residues. Energy crops, such as banagrass, guinea grass and
short rotation woody crops, have aso been identified as potential biomass sources. In
urban areas, biomass is typically comprised of wood wastes such as construction debris,
palets, and yard and tree trimmings. Locally grown and collected biomass fuels are
relatively labor intensive and can provide substantial employment benefits to rura
economies. In general, the availability of sufficient quantities of biomass is less of a
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feasibility concern than the high costs associated with transportation and delivery of the
fuel.

While most biomass is locally sourced and trucked to the site, Hawaii’s relatively
limited land area, remote location, and high energy prices may make ocean delivery of
biomass from other areas potentially feasible. This practice isincreasing in other regions
of the world. For example, several counties in Europe, which has strong renewable
energy mandates and greenhouse gas restrictions, currently import biomass from as far
away as Thailand.

Environmental | mpacts

Biomass power projects must maintain a careful balance to ensure long-term
sustainability with minima environmental impact. Most biomass projects target
utilization of biomass waste material for energy production, saving vauable landfill
space. Biomass projects that burn forestry or agricultural products must ensure that fuel
harvesting and collection practices are both sustainable and do not adversely affect the
environment.

Unlike fossil fuels, biomass is viewed as a carbon-neutral power generation fuel.
While carbon dioxide (CO,) is emitted during biomass combustion, a nearly equal
amount of carbon dioxide is absorbed from the atmosphere during the biomass growth
phase. Further, biomass fuels contain little sulfur compared to coal and therefore produce
less sulfur dioxide (SO,). Finaly, unlike coal, biomass fuels typically contain only trace
amounts of toxic metals, such as mercury, cadmium, and lead. However, biomass
combustion still must include technologies to control emissions of nitrogen oxides
(NOx), particulate matter (PM), and carbon monoxide (CO) to maintain Best Available
Control Technology (BACT) standards.

Potential Projects

A potential 20 MW biomass project was identified in the previous Renewable
Energy Technology Assessments report. The economic assumptions for this project are
shown in Table 5-2. These values have been updated from the previous study to account
for inflation. In addition, an allowance for interest during construction has been included
in the capital cost.
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Table 5-2. Biomass Life-Cycle Economic Assumptions ($2008).

Unit Value
Capacity MW 20.0
Capital Cost $kW 6,801
First Year Fixed O&M $KW-yr 209
First Year Variable O&M $'MWh 117
First Y ear Fuel Cost $/MBtu 5.0
Net Plant Heat Rate BtwkWh 15,400
Capacity Factor percent 80%

5.2.2 Landfill Gas

Landfill gas (LFG) is produced by the decomposition of the organic portion of
waste stored in landfills. LFG typically has a methane content in the range of 45 to 55
percent and is considered an environmental risk. There is increased political and public
pressure to reduce air and ground water pollution and to hedge the risk of explosion
associated with LFG. From a generation perspective, LFG is a valuable resource that can
be burned as fuel by reciprocating engines, small gas turbines, or other devices. LFG
energy recovery is currently regarded as one of the more mature and successful waste-to-
energy technologies. There are more than 600 LFG energy recovery systemsinstalled in
20 countries.

Applications

LFG can be used to generate electricity and process heat or may be upgraded for
pipeline sales. The mgjor constituents released from landfill wells are carbon dioxide and
methane. LFG contains trace contaminants such as hydrogen sulfide and siloxanes that
should be removed prior to combustion.

Power production from LFG facilitiesistypically less than 10 MW. As discussed
earlier, several types of conversion devices can be employed to generate electricity from
LFG. Typicaly the equipment requires only minor modification so long as the gas is
properly cleaned and prepared. Internal combustion engines are by far the most common
generating technology choice. About 75 percent of landfills that generate electricity use
engines. !

Depending on the scale of the gas collection facility, it may be feasible to
generate power via a combustion turbine and/or a steam turbine. Testing with
microturbines and fuel cells is also underway, athough these technologies do not appear
to be economically competitive for current applications

1 EPA Landfill Methane Outreach Program.
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Resour ce Availability

Gas production in a landfill is primarily dependent upon the depth of waste in
place, age of waste in place, and amount of precipitation received by the landfill. Each
landfill is unique because each has a different volume, receives a different amount of
water, and has a different material composition. This variability makes it important to
measure the quantity and quality of LFG before installing a power generation system.

In general, LFG recovery may be economically feasible at sites that have more
than one million tons of waste in place, more than 30 acres available for gas recovery, a
waste depth greater than 40 feet, and the equivaent of 25+ inches of annual precipitation.
There are methods of changing both the quantity and quality of the LFG, if required, but
doing so will affect the long term gas production. It is particularly important to
understand that every landfill will reach a point after closure at which time the LFG
production will decrease and eventually diminish below economically viable levels.

Figure5-2. LFG Wéll Drilling.

Many existing larger landfills have collection systems to remove leachate and
LFG from the landfill to prevent it from infiltrating ground water supplies and causing
other nuisance problems. These systems are usually connected to a flare system if there
IS hot a power generation system installed. The flares combust the methane in the LFG.
Such sites are attractive to LFG developers because the resource is generaly well known
and accessible.

5-9



Kaua'i Island Utility Cooperative
Integrated Resource Plan 5.0 Supply-side Resource Options

Environmental | mpacts

Combustion of LFG releases similar pollutants to many other fuels, but is
generally perceived as environmentally beneficial. Since LFG is principally composed of
methane, if it is not combusted LFG is released into the atmosphere as a greenhouse gas.
As a greenhouse gas, methane is 23 times more harmful than CO,. Collecting the gas and
converting the methane to CO, through combustion greatly reduces the potency of LFG
as a source of greenhouse gas emissions.

Potential Projects

The Kekahalandfill is the only landfill on Kaua'i that is large enough to support a
power generation project. The project was described in the Renewable Energy
Technology Assessment report and was detailed in a report prepared by SCS Energy.*
Although the landfill at Kekaha does not currently have gas collection facilities, a landfill
gas project was studied to estimate the capacity that could be expected from the landfill.

Data from the landfill suggests that the methane content of the LFG would be
approximately 50 percent. The maximum LFG flow, considering all three phases of the
landfill, was estimated to be 557 scfm in 2009 with the production declining to 453 scfm
in 2030. A 1.6 MW capacity LFG plant was considered appropriate for the resource.
The economic assumptions are shown in Table 5-3. These values have been taken from
the SCS study, escalated to reflect cost changes from 2006 to 2008. In addition, an
allowance for interest during construction has been included in the capital cost.

12 « pacific Missile Range Facility Combined Heat and Power Feasibility Study”, SCS Energy, Feb, 2007
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Table5-3. Landfill Gas Life-Cycle Economic Assumptions ($2008).

Unit K ekaha L andfill

Capacity MW 1.6*
Capital Cost $kW 4,574*
First Year Fixed O&M $/KW-yr 335*

First Year Variable O&M $'MWh o**

First Year Fuel Cost $/MBtu 0.60*

Net Plant Heat Rate Btu/kWh 11,500
Capacity Factor percent 80%

* Derived from the report “Pacific Missile Range Facility Combined Heat and Power Feasibility Study”,
SCS Energy, Feb, 2007

** |ncluded with Fixed O& M number

5.3 Waste-to-Energy: Mass Burn

There are currently 65 WTE plants in the United States using mass burn
technology to generate electricity. These plants burn municipal solid waste (MSW) in an
“as-discarded” form, with minimal or no preprocessing of the waste. Due to concerns
about environmental pollutants (particularly dioxin), opposition to new MSW projects
has increased greatly. In addition, costs for MSW facilities have often exceeded initial
estimates. To its credit, the industry has drastically decreased dioxin emissions over the
past decade. Nevertheless, very few new WTE units have come on-line in the US since
the mid 1990s. .

Converting refuse or MSW to energy can be accomplished by a variety of
technologies. The degree of refuse processing determines the method used to convert
municipa solid waste to energy. Unprocessed refuse is typically combusted in a water
wall furnace (mass burning). After only limited processing to remove non-combustible
and oversized items, the MSW is fed on to a reciprocating grate in the boiler. The
combustion generates steam in the walls of the furnace, which is converted to electrical
energy via a steam turbine generator system. This is similar to coa and biomass
furnaces. Other furnaces used in mass burning applications include refractory furnaces
and rotary kiln furnaces, which use other means to transfer the heat to the steam cycle or
add a mixing process to the combustion. For smaller modular units, controlled air
furnaces, which utilize two-stage burning for more efficient combustion, can be used in
mass burning applications.

Applications
The avoided cost of waste disposa is a primary component in determining the
economic viability of a WTE facility. High costs of land and waste transportation
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increase the feasibility of an MSW facility. The 65 operating mass burn plants have an
annual capacity to process 22.1 million tons of waste. Large MSW facilities typically
process 500 to 3,000 tons of MSW per day (the average amount produced by 200,000 to
1,200,000 residents), although there are a number of facilities operating in the 200 to 500
tons per day sizerange. The average design capacity of mass burn plants operating in the
United States is about 1,000 tons of waste per day.™

Resour ce Availability

MSW plants are high capital cost projects that require a cheap and abundant fuel
source to operate profitably. For this reason, they are typically cited near large
population centers or in areas where land is valued at a premium. The average American
generates about 4.5 pounds of garbage per day, most of which would otherwise be sent to
landfill.**  Similar to biomass, the cost of fuel transportation is a primary factor in the
economics of an MSW plant. New plants are usually not economically viable unless a
high tipping fee can be secured.

Environmental | mpacts

The products of combustion of MSW are similar to those of most organic
combustion materials. Particulate matter must be abated and nitrogen oxides can form if
the combustion temperature is too high. Unlike coal, the sulfur emissions from MSW are
low. One possible emission that is atypical of other fuels is dioxin. The US EPA has
ruled that some types of dioxins are carcinogenic. This issue is debated intensely in the
scientific community, but MSW plant construction faces opposition in many
communities because of it.

An obvious benefit of burning MSW is that it reduces landfill deposits. The
bottom ash recovered from a M SW furnace is reduced to one-tenth of its original volume.

Potential Projects

A potential 7.3 MW MSW power plant was identified in the previous Renewable
Energy Technology Assessments report. The economic assumptions for this project are
shown in Table 5-4. These values have been dlightly updated from the previous study to
account for inflation. In addition, an allowance for interest during construction has been
included in the capital cost. For the purposes of this report, a $56/ton tipping fee has

3 Integrated Waste Services Association, “ The 2004 IWSA Directory of Waste-to-Energy Plants,”
available at: http://www.wte.org/2004 Directory/IWSA 2004 Directory.html, accessed May 2007.
4 EPA, available at: http://www.epa.gov/epaoswer/osw/basi fact.htm, accessed August 2004.
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been assumed for waste deliveries to the plant. This fee is the same as the Kekaha
landfill tipping fee.

Table5-4. MSW Life-Cycle Economic Assumptions ($2008).
Unit $56/ton Tipping Fee
Capacity MW 7.3
Capital Cost $kW 16,760
First Year Fixed O&M SIKW-yr 398
First Year Variable O&M $MWh 223
First Year Fuel Cost $/MBtu (5.10)
Net Plant Heat Rate BtwkWh 18,700
Capacity Factor percent 70%

5.3.1 Hydroelectric

Hydroelectric power is generated by capturing the kinetic energy of water as it
moves from a higher elevation to alower elevation by passing it through a turbine. The
amount of kinetic energy captured by a turbine is dependent on the head (distance the
water is falling) and the flow rate of the water. Often, the water is raised to a higher
potential energy by blocking its natural flow with a dam. If a dam is not feasible, it is
possible to divert water out of the natural waterway, through a penstock, and back to the
waterway. Such “run-of-river” applications allow for hydroelectric generation without
the impact of damming the waterway. The worldwide installed capacity for hydroelectric
power is by far the largest source of renewable energy at over 740,000 MW. *°

Applications

Hydroelectric projects are divided into a number of categories based upon size.
Micro hydroelectric projects are below 100 kW. Systems between 100 kW and 1.5 MW
are classified as mini hydroelectric projects. Small hydroelectric systems are between 1.5
and 30 MW. Medium hydroelectric projects range up to 100 MW, and large
hydroelectric projects are greater than 100 MW. Medium and large hydroelectric
projects are good resources for baseload power generation if they have the ability to store
a large amount of potential energy behind a dam and release it consistently throughout
the year. Small hydroelectric projects generally do not have large storage reservoirs and
are not dependable as dispatchabl e resources.

2 International Energy Agency, 2002.
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An especidly attractive hydro resource is the upgrading and modernization of
existing facilities, many of which were built more than 30 years ago. Such “incremental”
hydro includes unit additions, capacity upgrades, and efficiency improvements.

Resour ce Availability

A hydroelectric resource can be defined as any flow of water that can be used to
capture the kinetic energy. Projects that store large amounts of water behind a dam can
regulate the release of water through turbines and generate electricity regardless of the
season. These facilities can generally serve base loads. Run-of-river projects do not
impound the water, but instead divert a part or al of the current through a turbine to
generate electricity. At “run-of-river” projects, power generation varies with seasonal
flows, and can sometimes help serve summer peak |oads.

Figure5-3. 3 MW Small Hydro Plant.

All hydroelectric projects are susceptible to drought. In fact, the variability in
hydropower output is rather large, even when compared to other renewable resources.
The aggregate capacity factor for all hydroelectric plants in the United States has ranged
from a high of 53 percent to alow of 31 percent.
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Environmental | mpacts

The damming of rivers for small- and large-scale hydroelectric applications may
have significant environmental impacts. One major issue involves the migration of fish
and disruption of spawning habits. For dam projects, one of the common solutions to this
problem is the construction of “fish ladders’ to aid the fish in bypassing the dam when
they swim upstream to spawn.

A second issue involves flooding existing valleys that often contain wilderness
areas, residentia areas, or archeologically significant remains. There are aso concerns
about the consequences of disrupting the natural flow of water downstream and
disrupting the natural course of nature.

More positively, reservoirs resulting from dams can be valuable recreation areas,
and dams assist in flood control efforts, thereby preventing economic hardship and loss of
life.

Many environmental groups object to the broad definition of hydroelectric
resources as renewable. Numerous classification systems for hydro have developed in an
attempt to distinguish “renewable” projects. Generally this distinction is based on size,
although “low-impact,” low-head, and run-of-river plants are aso often labeled
renewable. Incrementa hydro, which generally does not ater water flows any more than
the existing hydro project, may also qualify as renewable.

Potential Projects

A number of potential hydroelectric projects were identified in the previous
Renewable Energy Technology Assessments report. These projects are shown in Table
5-5. Project economic assumptions are shown in Table 5-6. These values have been
dightly updated from the previous study to account for inflation. In addition, an
allowance for interest during construction has been included in the capital cost.

Table5-5. Selected Hydro Projects.

; Static Design Plant Size (kW)
No. | Project Name | Status Type Head (ft) | Flow (cfs) | Exist. | Prop. | Total
1 Wainiha new run-of-river 433 139 0 4,000 4,000
2 Upper Waiahi | upgrade | run-of-river 247 32 500 300 800
3 Wailua new run-of-river 262 150 0 6,600 6,600
4 WaimeaMauka | upgrade | run-of-river 265 55 1,000 | 2,900 3,900
5A Puu Lua-Kitao new run-of-ditch 1,145 40 0 2,970 2,970
5B | Kitano-Waimea new run-of-ditch 2,093 30 0 4,078 4,078
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Table5-6. Hydro Life-Cycle Economic Assumptions ($2008).

Puu

Upper Waimea Lua- Kitano-

Unit Wainiha | Waiahi Wailua Mauka Kitano Waimea

Capacity MW 4 0.3 6.6 29 2.97 4.08
Capital Cost $/kW 5,880 9,147 2,680 1,531 7,760 5,169
First Y ear Fixed O&M $KW-yr 83 127 39 34 111 76
First Year Variable O&M | $/MWh N/A N/A N/A N/A N/A N/A
First Year Fuel Cost $/MBtu N/A N/A N/A N/A N/A N/A
Net Plant Heat Rate BtwkWh N/A N/A N/A N/A N/A N/A
Capacity Factor percent 64% 69% 28% 15% 61% 48%

5.3.2 Wind

Wind power systems convert the movement of the air to power by means of a
rotating turbine and a generator. Wind power has been the fastest growing energy source
of the last decade in percentage terms and has realized around 30 percent annual growth
in worldwide capacity for the last 5 years. Cumulative worldwide wind capacity is now
estimated to be more than 74,000 MW. Europe now leads in wind energy, with more
than 48,000 MW installed; Germany, Denmark, and Spain are the leading European wind
markets.

In the US, the American Wind Energy Association (AWEA) has noted that wind
turbine capacity exceeded 16,800 MW at the end of 2007, 5,249 of which wasinstalled in
2007. The booming US wind market has been driven by a combination of growing state
mandates, such as that in place for Hawai i, and the production tax credit (PTC), which
provides a 10-year 2.1 cent/kWh incentive for electricity produced from wind. The PTC
has been renewed several times and is currently set to expire on December 31, 2009.

Applications

Typica utility-scale wind energy systems consist of multiple wind turbines that
range in size from 1.5 to 3 MW. Wind energy system installations may total 5 to 300
MW, although the use of single, smaller turbines is also common in the United States for
powering schools, factories, water treatment plants, and other distributed loads.
Furthermore, offshore wind energy projects are now being built in Europe and are
planned in the United States, encouraging the development of larger turbines (up to 5
MW) and larger wind farm sizes.

Wind is an intermittent resource, with average capacity factors usually ranging
from 25 to 40 percent. The capacity factor of an installation depends on the wind regime
in the area and energy capture characteristics of the wind turbine. Capacity factor
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directly affects economic performance; thus, reasonably strong wind sites are required for
cost-effective installations.  Since wind is intermittent, it cannot be relied upon as firm
capacity for peak power demands. To help offset intermittency, wind energy systems
may be coupled with some type of energy storage, but this is not common in most
installations and adds considerable expense to a system. Due to the small size of KIUC's
electric system, and potential reliability issues caused by fluctuations in wind output, a
battery energy system is included with the wind option for this IRP. For larger wind
farms, numerous studies have shown that relatively low levels of wind grid penetration
will not necessitate additional backup generation. Efforts are currently underway by
research agencies to forecast wind speeds more accurately, thereby increasing confidence
in wind power as a generation resource and dependability in utility dispatching.

Given the small system size on Kauai, energy storage would be necessary to
maintain system stability in the wake of sudden changes in wind speed. Section 5.5
discusses some energy storage options currently available.

Figure 5-4. Kaheawa Wind Power Project on Maui (Source: Honolulu Advertiser).

Resour ce Availability

Turbine power output is proportional to the cube of wind speed, which makes
small differences in wind speed very significant. Wind strength is rated on a scale from
Class 1to Class 7, asshown in Table 5-7.
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Table5-7. USDOE Classes of Wind Power .

Wind Power Class _ Height Apove Grozund: 50 m (164 ft)*
Wind Power Density (W/m°) Speed** (m/s)

1 0to 200 0to05.60

2 200 to 300 5.60106.40
3 300 to 400 6.40to 7.00
4 400 to 500 7.00to 7.50
5 500 to 600 7.50t0 8.00
6 600 to 800 8.00t08.80
7 800 to 2000 8.80

Notes:

* Vertical extrapolation of wind speed based on the 1/7 power law, defined in
Appendix A of the Wind Energy Resource Atlas of the US, 1991.

** Mean wind speed is based on Rayleigh speed distribution of equivalent mean wind
power density. Wind speed isfor standard sealevel conditions. To maintain the
same power density, wind speed must increase 3 percent per 1,000 m (5 percent per
5,000 ft) elevation.

Environmental | mpacts

Wind is a clean generation technology from the emissions perspective. However,
there are still environmental considerations associated with wind turbines. Opponents of
wind energy frequently cite visual impacts and noise as drawbacks. Turbines are
approaching and exceeding heights of 400 feet and, for maximum wind capture, tend to
be located on ridgelines and other elevated topography. Turbines can cause avian
fatalities and other wildlife impacts if sited in sensitive areas. To some degree, these
issues can be partialy mitigated through proper siting, environmental review, and the
involvement of the public during the planning process.

Potential Projects

The previous Renewable Energy Technology Assessments report identified seven
potential wind energy projects on Kaua'i. For the purposes of this IRP, a site-nonspecific
wind project is represented. The economic assumptions for this project are shown in
Table 5-8. Since the Renewable Energy Technology Assessments report was published
in early 2005, the demand for wind energy equipment has surged. As a result, the costs
for wind projects have increased approximately 50 percent since the original estimates
were prepared. This cost increase is reflected in the table. In addition, an allowance for
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interest during construction and sodium sulfide battery energy storage for frequency
control has been included in the capital cost.

Table5-8. Wind Life-Cycle Economic Assumptions ($2008).

Unit Wind Project
Capacity MW 105
Capital Cost $kW 5,533
First Year Fixed O&M $KW-yr 40.0
First Year Variable O&M $MWh 17.8
First Year Fuel Cost $/Mbtu N/A
Net Plant Heat Rate Btu/kWh N/A
Capacity Factor Percent 35%

5.3.3 Solar Photovoltaic

Photovoltaics (PV) were chosen to be included in this IRP, despite the fact that
the technology was screened in the renewable energy study completed by Black &
Veatch in 2005. Although PV has not typically been cost competitive with other power
generation technologies, its costs have decreased in recent years. Comparatively, amost
al other power generation technologies have increased in cost. PV is expected to
become more cost-competitive, and as such was chosen for analysisin the IRP.

PV cells have achieved considerable consumer acceptance over the last few years.
PV installations reached a worldwide output of more than 927 MW in 2004 and grew to
10,500 MW at the end of 2007. The magjority of these installations were in Japan and
Germany, where strong subsidy programs have made the economics of PV attractive.
Worldwide PV instalations have increased by 36 percent per year over the past five
years.

PV cdlls convert sunlight directly into electricity by the interaction of photons and
electrons within the semiconductor material. To create a PV cell, a material such as
silicon is doped (i.e., mixed) with atoms from an element with one more or one less
electron than occurs in its matching substrate (e.g., silicon). By aternate doping, thin
layers of “p” material and of “n” materia are created to form a “pn” junction. Photons
striking the cell cause electrons to be set free in the junction, creating a current as it
moves across the junction. The current is gathered through a metallic grid. Various
currents and voltages can be supplied through series and paralel cell arrays.

18 Installed PV power as of the end of 2004, http://www.oja-services.nl/iea-pvps/isr/01.htm.
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Figure 5-5. Photovoltaic Solar Panel Installation.

The direct current produced depends on the material involved and the intensity of
the solar radiation incident on the cell. Single crystal silicon cells are most widely used
today. Mono-crystalline cells are manufactured by growing single crystal ingots, which
are dliced into thin cell-size material. The cost of the crystalline material is a significant
part of the cell production cost. Other methods of crystalline cell production (casting of
polycrystalline material, pulling of cell-thickness ribbons) can cut material costs at some
penalty to cell efficiency.

Another approach to reducing cell material cost is the development of thin film
PV cells. Commercial thin films are principally made from amorphous silicon; however,
amorphous silicon cells suffer significant degradation and are not being seriously
developed for large power applications. Copper indium diselenide and cadmium telluride
show promise as low-cost solar cells. Thin film solar cells require very little material and
can be manufactured on a large scale. Furthermore, the fabricated cells can be flexibly
sized and incorporated into building components. However, to date, thin film technol ogy
has not proven to be cost-effective compared to crystalline silicon.

Gallium arsenide cells are among the most efficient solar cells and have other
technical advantages, but they are also more costly. Gallium arsenide cells are typically
used where high efficiency is required even at a high cost, such as space applications.
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Applications

The modularity, simple operation, and low maintenance requirements of solar PV
makes it idea for serving distributed, remote, and off-grid applications. Most PV
applications are smaller than 1 kW, athough, larger utility-scale instalations are
becoming more prevalent. Current grid-connected PV systems are generally below 100
kW. Severa larger projects ranging from 1 to 50 MW have been proposed. An 8 MW
project was recently completed near Alamosa, Colorado. This is one of the largest PV
installations in the world. Most grid-connected PV applications require large subsidies
(50 percent or more) to overcome inherently high initial costs.

As PV applications produce intermittent power, there are benefits to distributing
solar panels over a wide area as opposed to concentrated in one location. Distributed
panels reduce the negative effects of cloud cover, principaly the rapid swings in power
output. A report from the Solar Electric Power Association'’ has indicated that solar
panels distributed over 20 locations considerably reduce electric variability such that
hourly changes rarely exceed 5 percent. KIUC could expect some benefit by distributing
PV panels to reduce generation variances from passing clouds

Resour ce Availability

Solar radiation reaching the earth’s surface, often called insolation, has two
components. direct normal insolation (DNI) and diffuse insolation. DNI, which
comprises about 80 percent of the total insolation, is that part of the radiation which
comes directly from the sun. Diffuse insolation is that part of the radiation which has
been scattered by the atmosphere or is reflected off the ground or other surfaces. All of
the radiation on a cloudy day is diffuse. The vector sum of DNI and diffuse radiation is
termed global insolation. Systems which concentrate solar energy use only DNI, while
non-concentrating systems use global radiation. Most PV systems installed today are flat
plate systems that use global insolation. Concentrating PV systems, which use DNI, are
being developed, but are not considered commercial at thistime.

Generdly, stationary (non-tracking) PV arrays will receive the highest average
annual insolation if they are mounted at an angle approximately equal to the latitude at
which they are located. To optimize performance for winter, the array may betilted at an
angle approximately equal to the latitude plus 15 degrees. Conversely, for maximum
output during summer months the array should be tilted at an angle approximately equal
to the latitude minus 15 degrees. Single and double axis tracking systems increase the
system output, but at a significantly higher capital cost and increased O& M requirements.
On Kaua'i the average insolation is 5.18 kWh per square meter per day.

" photovoltaic Capacity Valuation Methods Report # 02-08
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Cost and Performance Characteristics

Numerous variations in PV cells are available, such as mono-crystalline silicon,
polycrystalline, and thin film panels. Severa support structures are available, such as
fixed-tilt, one-axis tracking, and two-axis tracking. For evaluation purposes, a one-axis
tracking, mono-crystalline PV system is characterized in Table 5-9. While this system is
sized at 1 MW, many similar systems could be installed in other locations. The capital
cost includes an alowance for sodium sulfide battery energy storage to stabilize the
intermittent nature of PV generation.

PV can also be fixed mounted on rooftops across the service territory. There are
benefits to distributing generation in this manner over a large area, especialy regarding
increased system stability. However, rooftop PV comes with increased maintenance and
installation costs and the utility has less control over the equipment. As such, these
smaller PV options were not considered as a capacity option as part of this IRP, but are
included in KIUC's Net Energy Metering (“NEM”) program. KIUC will continue to
offer NEM until the adopted targets are met and, as the alternative to NEM, Schedule Q
Modified tariff payments are available to customer generators who wish to receive
payments for energy delivered to the utility. Further information on KIUC's NEM
program is provided in Appendix H.

Table5-9. Solar PV Life-Cycle Economic Assumptions ($2008).
Unit Kauai PV

Capacity MW 1

Capital Cost $kW 10,831

First Year Fixed O&M SIKW-yr 50

First Year Variable O&M | $/MWh 0

First Year Fuel Cost $/MBtu 0

Net Plant Heat Rate Btu/kWh N/A

Capacity Factor percent 28

Environmental | mpacts

A key attribute of solar PV cells is that they are virtually non-polluting after
instalation. Some thin film technologies have potential for discharge of heavy metasin
manufacturing; however, this issue is being adequately addressed through proper
monitoring and control. Compared to emissions from conventional fossil fuel
technologies, these impacts are generally inconsequential.
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5.3.4 Solar Thermal

Solar thermal technologies convert the sun’s energy to electricity by capturing
heat. Technologica advances have expanded solar therma applications to high
magnitude energy collection and power conversion on a utility scale. The leading solar
thermal technologies include parabolic trough, parabolic dish, power tower (central
receiver), and compact linear Fresnel reflector (CLFR).

With adequate resources, solar thermal technologies are appropriate for a wide
range of intermediate- and peak-load applications, including central station power plants
and modular power stations in both remote and grid-connected areas. Commercial solar
thermal parabolic trough plants in California currently generate more than 350 MW.

Most solar thermal systems (parabolic trough, parabolic dish, CLFR, and centra
receiver) transfer the heat in solar insolation to a heat transfer fluid, typically a molten
sat or heat transfer oil. By using thermal storage or by combining the solar generation
system with afossil fired system (a hybrid solar/fossil system), a solar thermal plant can
provide dispatchable electric power.

Applications

Of the four technologies, parabolic trough represents the vast majority of installed
capacity, primarily in the southwest US desert. There are nine Solar Electric Generating
Station (SEGS) parabolic trough plants in the Mojave Desert that have a combined
capacity of 354 MW. These units were built in the 1985 to 1991 time frame. Solargenix,
(now Acciona) recently completed work on a 64 MW parabolic trough plant in Nevada,
the first major solar thermal plant to be built in over a decade. In addition, projectsin
various stages of planning include integrated solar combined cycle systems (ISCCS) in
southern California, India, Egypt, Morocco, Mexico, and Algeria. In addition, there are
plans for a series of SEGS type plantsin Isragl.

Parabolic trough systems, as do all concentrating technologies, require the highest
levels of direct normal insolation (DNI), typicaly found only in desert climates.
Insolation is discussed further in the Solar Resource Availability paragraphs that follow
this section. Parabolic trough systems are considered commercially available for
industrial applications. The primary developers of this technology include Acciona, Solel
Solar Systems, Solar Millennium, and Solucar. Suppliers of components for trough
systems include reflector supplier Flabeg and receiver suppliers Schott Glass and Solel
Solar Systems. Other major glass companies have expressed interest in entering the
trough mirror market. The currently planned technology, for thermal storage, is the
molten salt two-tank system. This provides a feasible storage capacity of up to 12 hours
and is considered to have alow-to-moderate associated technology risk.
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Resour ce Availability

Solar radiation reaching the earth’s surface, often called insolation, has two
components. direct normal insolation (DNI) and diffuse insolation (DI). DNI, which
typically comprises about 80 percent of the total insolation, is that part of the radiation
which comes directly from the sun. DI is the part that has been scattered by the
atmosphere or is reflected off the ground or other surfaces. On a cloudy day, all of the
radiation is diffuse. The vector sum of DNI and DI is termed global insolation. Systems
that concentrate solar energy use only DNI, while non-concentrating systems use global
insolation. Concentrating solar thermal systems (troughs, dishes, and central receivers)
use DNI. Lower latitudes with minimum cloud coverage offer the greatest solar
concentrator potential. Kauai DNI typically ranges from 4.5 to 5.5 kWh/m?/day. Some
locations in the southwest United States can have aDNI as high as 8.5 kwWh/m?/day.

A general feature of solar thermal systems and solar technologies is that peak
output typically occurs on summer days when electrical demand is high. Solar thermal
systems that include storage allow dispatch that can improve the ability to meet peaking
requirements. Land requirements for solar thermal systems are about 5 to 8 acresMW.

Cost and Performance Characteristics
For evaluation purposes, a 30 MW solar thermal plant with 6 hours of storage is
characterized in Table 5-10.

Table5-10. Solar Thermal Life-Cyclewith Storage Economic Assumptions ($2008).

Unit Solar Thermal

Capacity MW 30
Capital Cost $kW 9,453
First Year Fixed O&M SIKW-yr 200
First Year Variable O&M | $/MWh 0

First Year Fuel Cost $/MBtu 0

Net Plant Heat Rate Btu/kwh N/A
Capacity Factor percent 34.7

Environmental I mpacts

Solar thermal is another clean generation technology from an emission
perspective. There are other environmental considerations with solar thermal plants,
however. The solar fields require large amounts of land, and thus may displace many
plants and animals. It isimportant to ensure that no endangered species habitats will be
adversely affected when siting solar thermal plants. Visual impacts are another concern.
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5.3.5 Solar Thermal/Naphtha Hybrid

One disadvantage of solar thermal power generation is that output is limited to
sunny days and is generally considered intermittent. However, solar thermal generation
can be considered firm if it is tied to a backup naphtha boiler that can add thermal energy
to the working fluid during times of low DNI. This arrangement has the dual advantage
of harnessing renewable energy while also providing reliability. Solar thermal hybridized
with fossil energy has been used successfully in the SEGS plants of California since the
1980s.

Cost and Performance Characteristics
For evaluation purposes, a 30 MW solar thermal plant with an auxiliary naphtha
boiler is characterized in Table 5-10.

Table5-11. Solar Thermal/Naphtha Hybrid Life-Cycle Economic Assumptions

($2008).
Unit Solar Thermal/Naphtha Hybrid

Capacity MW 30

Capital Cost $kW 7,903

First Year Fixed O&M $/KW-yr 200*

First Year Variable O&M | $/MWh 0

First Year Fuel Cost $/MBtu 0

Net Plant Heat Rate Btwkwh N/A

Capacity Factor percent 255

* Includes fuel costs. A minimal amount of fuel isused to provide shaping of solar output.

5.4 Conventional Alternatives
There are several conventional liquid-fuel options available for electric
generation, ranging from diesel or biodiesel-fueled reciprocating engines to naphtha-fired
combustion turbines. As part of the IRP effort, Black & Veatch performed a technology
screening study to assist KIUC in evaluating aternatives for capacity additions at the
existing Lihue Energy Service Center (LESC). This study focused on power options that
could meet the following criteria:
Enhance system reliability
High efficiency
Ability to be permitted and constructed in the near-term (by 2013)
Fuel flexible
These options are known as “GenX” options. This study is included herein as
Appendix G. .
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The purpose of the GenX study was to identify the next potential capacity option
that would help alleviate some technical issues on the KIUC system that, if not solved,
could continue and increase reliability problems. The GenX Study was to identify a short
list of capacity options that, when added to the system, would not worsen and, preferably,
would help with the problem of inertia on the KIUC system. The units to be considered
were to be so-called “heavy” units that would help the system react quickly to disruptions
in stable system conditions as caused, for example, by a distribution line going out of
service or a unit tripping off line. Other criteria for the GenX unit included the ability
improve system fuel efficiency and the ability to be quickly sited, permitted and
constructed to meet near-term capacity needs.

The GenX study considered combustion turbine and reciprocating engine power
options arranged in both simple and combined cycles. These technology options are
introduced in this section.

5.4.1 Simple Cycle — Combustion Turbine

Combustion turbine generators (CTGs) are sophisticated power generating
machines that operate according to the Brayton thermodynamic power cycle. A simple
cycle combustion turbine generates power by compressing ambient air and then heating
the pressurized air to approximately 2,000é F or more, by burning oil, natural gas, or
other fuels, with the hot gases then expanding through a turbine. The turbine drives both
the compressor and an electric generator. A typical combustion turbine can convert 30 to
35 percent of the fuel to electric power. A substantial portion of the fuel energy is wasted
in the form of hot (typically 900éF to 1,100&F) gases exiting the turbine exhaust. When
the combustion turbine is used to generate power and no energy is captured and utilized
from the hot exhaust gases, the power cycle is referred to as a “simple cycle” power
plant.

Combustion turbines are mass flow devices, and their performance changes with
changes in the ambient conditions at which the unit operates. Generally speaking, as
temperatures increase, combustion turbine output and efficiency decrease due to the
lower density of the air. To lessen the impact of this negative characteristic, many of the
newer combustion turbine based power plants often include inlet air cooling systems to
boost plant performance at higher ambient temperatures. However, due to Kauai's
moderate climate, such systems are not necessary.

Combustion turbine pollutant emission rates are typicaly higher on a part per
million (ppm) basis at part load operation than at full load. This limitation has an effect
on how much plant output can be decreased without exceeding pollutant emission limits.
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In general, combustion turbines can operate at a minimum load of about 50 percent of the
unit’s full load capacity while maintaining emissions levels within required limits.

Advantages of simple cycle combustion turbine projects include low capital costs,
short design and construction schedules, and the availability of units across a wide range
of sizes. Combustion turbine technology also provides rapid startup and modularity for
ease of maintenance.

The primary drawback of combustion turbines is that, due to the cost of natural
gas and fuel ail, the variable cost per MWh of operation is high compared to other
conventional technologies. As a result, simple cycle combustion turbines are often the
technology of choice for meeting peak loads in the power industry, but are not usualy
economical for baseload or intermediate service.

5.4.2 Simple Cycle — Reciprocating Engine

Reciprocating engines are well proven prime movers for electric generation,
industrial processes, and many other applications. Reciprocating engines operate
according to either an Otto or Diesel thermodynamic cycle, very much like a personal
automobile. These cycles use similar mechanics to produce work, but differ in the way
that they combust fuel.

Reciprocating engines contain multiple pistons that are individually attached by
connecting rods to a single crankshaft. The other ends of the pistons seal combustion
chambers where fuel is burned. A mixture of fuel and air is injected into the combustion
chamber and an explosion is caused. The explosion provides energy to force the pistons
down and this linear motion is trandated into angular rotation of the crankshaft. The
process is repeated and work is performed.

Reciprocating engine generator sets are commonly used for self-generation of
power either for emergency backup or peak shaving. However, there is also a well
established market for installation of generator sets as the primary power source for small
power systems and isolated facilities that are located away from the transmission grid.
KIUC currently has nine reciprocating engines installed at Port Allen.

When used for power generation, medium speed engines (less than 1,000 rpm),
are typically used since they are more efficient and have lower O&M cost than smaller
higher speed machines. Efficiency rates for reciprocating engines are relatively constant
from 100 to 50 percent load, they have excellent load following characteristics, and they
can maintain guaranteed emission rates down to approximately 25 percent load, thus
providing superior part load performance. Typical startup times for larger reciprocating
engines are on the order of 15 minutes. However, some engines can be configured to start
up and be completely operational within 10 seconds for use as emergency backup power.
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Spark ignition engines are designed to operate on gaseous fuels suck as natural
gas, propane, and waste gases from industrial processes. Compression ignition engines
are designed to operate on liquid fuel such as diesel fuel oil and biodiesel. Because they
have such flexibility, engine generators are well-suited for use as conventiona or
renewable power generation.

5.4.3 Combined Cycle

As stated earlier, a substantial portion of fuel energy in asimple cycle generator is
wasted in the form of hot exhaust gases. The energy in this gas can be recovered to
produce more power and increase the plant efficiency.

A combined cycle power plant uses one or more combustion turbine or engine
generators and steam turbine generators to produce electrical energy. Combined cycle
power plants operate according to a combination of the Brayton, Otto, or Diesel power
cycle and a Rankine power cycle. High-pressure steam is produced when the hot gas
exhaust from the combustion turbine or engine is passed through a heat recovery steam
generator (HRSG). The high-pressure steam is then expanded through a steam turbine
which spins an electric generator. Exhaust gas heat recovery is typicaly more cost-
effective on combustion turbines than reciprocating engines because the combustion
turbine exhaust gas temperatures are almost twice as high.

Combined cycle combustion turbines have several advantages over both the
reciprocating engines and the simple cycle combustion turbines. These include greater
fuel efficiency, lower NOx and CO emissions using conventional technologies and
potentially greater operating flexibility if duct burners are used. Construction of
combined cycle plants can aso be phased over a period of time to alow increments of
generation capacity to come online as the utility needsiit.

Disadvantages of a combined cycle plant relative to the simple cycle and
reciprocating engine plants include a reduction in plant reliability and increase in the
overall staffing and maintenance requirements due to the added plant compl exity.

Combined cycle power plants were the generation technology of choice for most
baseload and intermediate service plants constructed by the U.S. power industry in the
1995-2003 time-frame due to their high efficiency, relatively quick construction period,
and relatively modest natural gas prices. Recent fossil fuel price volatility, however, has
again caused utilities to seriously consider and pursue other energy options in many
regions of the nation.
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5.4.4 GenX Study Results

The GenX study provided preliminary screening based on performance, capital
costs, O&M costs, and levelized bus-bar costs of energy for a mix of seven liquid-fuel
unit options. The units considered in that study are listed in Table 5-12.

Table5-12. GenX Options Considered.

I\% pmtlggr Technology* Configuration** Capacity (MW)
1 SCCT LM2500PE STIG 30 24.26
2 CCCT 2x 1 Solar Titan 130 35.5
3 CCCT 1x 1 Solar Titan 130 17.37
3 CCCT 1 x 1 LM2500PE 33.91
4 CCCT 1x1LM2000 19.54
5 CCCT 2x1LM2000 40.07
6 SCDE 18V46 x 2 33.59
7 CCDE 2x118V46 36.26

*  SCCT: simple cycle combustion turbine
CCCT: combined cycle combustion turbine
SCDE: ssimple cycle diesel engine (reciprocating engine)
CCDE: combined cycle diesel engine (reciprocating engine)
**  “1x1” refersto once combustion turbine or engine matched with one steam turbine
“2x1” refers to two combustion turbines or engines matched with one steam turbine

The two options that emerged from the GenX report to carry forward to the IRP
were the 2x1 and 1x1 combined cycles based on the Solar Titan 130 combustion turbine.
While the 1x1 LM2500 PE option has the lowest bus-bar cost, the 2x1 and 1x1 Solar
Titan 130 has better part load flexibility and grid stability characteristics. The part load
heat rates for the Solar Titan option are competitive with the 1x1 LM2500 PE. The
technology selection represented a choice of preference between absolute lowest cost of
electricity compared to grid stability and operational flexibility. The Solar Titan 130 is
also fuel-flexible in that it can burn renewable fuels such as biodiesel and ethanol in
addition to fossil fuels.

The 1x1 and 2x1 Solar Titan 130 units are characterized in Table 5-13.
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Table 5-13. Combined Cycle Combustion Turbine Project Economic Assumptions
($2008).
Unit 2x1 Solar Titan 130 CCCT | 1x1 Solar Titan 130 CCCT

Capacity MW 355 17.37
Capital Cost $KW 2,760 3,894
First Year Fixed O&M $IKW-yr 44.2 72.14
First Year Variable O&M | $/MWh 7.1 7.37
First Y ear Fuel Cost $/MBtu 17.48 17.48
Net Plant Heat Rate BtukWh 8,420 8,611
Capacity Factor Percent 80 80

Additional fossil units (characterized in Table 5-14) are included in the IRP.
These units, which were not analyzed in the GenX study, are diesel engines (internal
combustion engines) with smaller capacities than the Solar Titan 130. Although smaller
diesel generators generally have lower efficiencies than combined cycle combustion
turbines, they are easier to build into an electric system to meet small capacity demand
increases. As with the Solar Titan, these engines have the capability to burn renewable
biodiesel fuel.

There are many suppliers of diesel engines, and the models identified in Table

5-14 are strictly for the purposes of providing typical generator characteristics in a given
sizerange.

Table 5-14. Simple Cycle Diesel Engine Project Economic Assumptions ($2008).
Caterpillar | Caterpillar Wartsila Wartsila
Unit 3600 16CM 32 18V46 18V46 1x1
Capacity MW 2.2 75 17.2 18.6
Capital Cost $KW 2,799 2,730 2,056 2,656
First Year Fixed O&M $IKW-yr 8.6 10 33.6 385
First Year Variable O&M | $/MWh 132 15 15.5 14.4
First Year Fuel Cost $/MBtu 19.30 19.30 19.30 19.30
Net Plant Heat Rate BtwkWh 8,905 8,800 8,344 7,726
Capacity Factor Percent 80 80 80 80

5.5 Energy Storage

KIUC will become a world leader for a stand-alone utility in the percentage of
highly intermittent energy on its system if it adds 10 MW or more of solar PV or wind
generation. These energy sources are intermittent, which necessitate energy storage
means to make sure that electric supply and demand are matched, regardless of the
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generating status of intermittent resources. Two potential energy storage mechanisms are
batteries and flywheels.

System operations is concerned, among other things, with system stability, which
is the ability of an electrical generating system to continue to operate and remain stable.
This is especially important during and immediately after a disturbance on the grid such
as the sudden loss of generation or the sudden loss of load from the initiation of system
protection relays because of a system fault condition. System faults can be caused by
trees contacting power lines, vehicular accidents with utility poles, transformer failures,
or lighting. In the future, system stability concerns may also include the effects of highly
variable output from intermittent generation, such as from wind generation. The impacts
of system stability due to rapid variation in output of as-available renewable resources are
akey planning concern for KIUC' srelatively small and isolated utility system.

5.5.1 Battery Energy Storage

A battery storage system consists of the battery, DC switchgear, DC/AC converter
and charger, transformer, ac switchgear, and a building to house the components. During
periods of low output for wind and PV units, the battery can discharge power to maintain
constant system frequency. Alternatively, when power output exceeds demand, the
batteries can recharge.

For this IRP, the sodium sulfur (NaS) battery is considered as the best storage
device with wind and PV projects. A NaS battery consists of liquid (molten) sulfur at the
positive electrode and liquid (molten) sodium at the negative electrode as active materials
separated by a solid beta alumina ceramic electrolyte. The NaS battery has severd
advantages over other batteries. It hasless O&M costs owing to its long service life and
lack of moving parts. It also hasasmall footprint and minimal environmental impact.

Sodium sulfur batteries have both high power and high energy characteristics. The
high power side of this spectrum includes power quality and uninterrupted power supply
(UPS) applications, where electricity storage technologies are used within fraction of a
second to improve reliability. The high energy side of this spectrum includes energy
management applications such as load leveling, peak shaving and arbitrage where
electricity storage technologies are used in daily cycles for economic gain.

A sodium sulfur battery rated at 1 MW can supply this amount of power for up to
7.2 hours (7.2 MWh). It aso has a pulse factor of 5 X, meaning it can provide up to 5
times its rated power for up to 30 seconds (5 MW x 0.0083 hours = 0.042 MWh). The 30
second constraint is to protect the unit from overheating; not because the power in the
battery is depleted.
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5.5.2 Flywheel Energy Storage

Flywhedl storage equipment, such as that offered by Beacon Power, absorbs and
delivers energy to meet momentary excess demand. It provides energy when needed to
ensure system constant frequency. Flywheels use a spinning disc that has kinetic energy.
The disc can absorb or release energy as necessary to flatten system frequency variations.
Magnetic bearings can be used to minimize flywhed friction to reduce energy losses.

Flywheel systems can provide high power for short periods of time, but are not
currently economically advantageous over batteries. Also, flywheels are not able to
release power for long periods of time.
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6.0 Demand-side Resource Options and Program Development

This section describes the identification and analysis of demand-side management
(DSM) measures for KIUC and the bundling of measures found to be cost-effective. The
resulting DSM program feeds into the integrated economic analysis in Section 8 and the
action plan in Section 10.

The program measures identified in this section are consistent with the
achievement of KIUC’s overall objectives for its DSM programs: (1) to reduce energy
consumption and peak demand use by encouraging members to adopt the measures
included in the programs; (2) to educate members and trade allies about the benefits of
energy efficiency; (3) to assist KIUC members in receiving the maximum possible value
from the energy dollars they spend; (4) to minimize rate increases by keeping incentive
levels as low as possible; and (5) to transform markets over the next five years to increase
the availability of energy-efficient equipment.

6.1 DSM History on Kaua'i

The following is a brief review of the DSM objectives and goals previously
submitted by KIUC' s predecessor, Kaua'i Electric (KE). In October 1993, KE submitted
conceptual DSM resource options as part of its IRP. In April 1994, KE submitted its Ten
Year Action Plan with more detailled DSM plans. Those plans provided the general
direction of KE® expected DSM activities over a ten-year period (1995 through 2004)
and a framework for the development of annua program plans. Additionally, in
December 1994, KE filed its DSM Detailed Tactical Program Plans, which fully
described the implementation of KE® commercial and residential program plans. In its
April 1997 IRP, KE identified DSM targets for various measure options in the residential
and commercial sectors. In part, these targets were based on meetings with a community-
based advisory group and data collected from a small business operator focus group.
Detailed tactical plans for five programs to be implemented were presented in the 1997
IRP, and a number of these programs required the utility to establish or maintain strong
working relationships with key trade allies. These relationships helped KE to market
programs, to stock the eligible equipment, to assist in training and educating members,
and to install measures. The IRP built upon the programs identified in the previous plans
by utilizing information collected through KE® customer visits, focus groups, trade ally
study, and daily interaction with KE®residential and commercia customers.

Since the 1997 IRP, experience has been gained through pilot programs and full-
scale commercia and residential program implementation from 1998 and 2004. KIUC
has aso gathered DSM information from other utilitiesin Hawai i, including information
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from full-scale DSM program implementation. HELCO, HECO, and MECO are
currently implementing DSM programs and are gaining experience that is valuable to
KIUC. KIUC staff communicates informally with the staff from these utilities to learn
from their actual implementation experience. Many of the suppliers and trade allies that
participate in these programs are expected to participate in KIUC's programs, which will
provide KIUC with an opportunity to benefit from their experience as well. In addition to
informal communications, KIUC regularly participates in multi-utility regulatory
proceedings in which much information is shared by the various Hawai i electric utilities.

KIUC has also participated in a number of informational presentations on Kaua'i
in an effort to educate the public about the model energy code proposed by the State.
Thisisimportant as the Kaua'i County Building Code has far reaching implications in the
design of DSM programs targeting the new construction market. KIUC will continue to
monitor the situation and modify program elements as necessary and appropriate to
assure energy efficiency in new construction projects on Kaua'i.

6.2 Guiding Principles for the Updated IRP DSM Analysis

In preparation for the current IRP filing, a demand-side study of the 20-year
energy-efficiency potential in the KIUC residential and commercial sectors was
undertaken in 2005 by KEMA Inc. (KEMA). The study and the subsequent anaysis
were driven by anumber of guiding principles described in this section.

6.2.1 KIUC Will Continue to Utilize the Total Resource Cost-Effectiveness
Test

One of the key decisions when evaluating the economic potential for demand-side
impacts is the cost-effectiveness test adopted. Severa cost-effective measures exist,
including the Total Resource Cost (TRC) test, the Participant Test, and the Rate Impact
Test, though there is not an industry consensus as to which measure is the most
appropriate. After careful consideration of these alternatives, KIUC determined that the
TRC would be used for purposes of scoring and selecting cost-effective measures.

The TRC test for cost-effectiveness compares the measure’s total costs with the
total benefits. The costs included are customer and utility costs associated with the
program and increased supply costs, if applicable. The benefits include the avoided
utility costsin the areas of generation, transmission, and distribution that are attributed to
the measure. Lost revenues and environmental externalities are excluded from the test.
The TRC test was chosen primarily because it provides the following benefits:

TRC test allows for relatively easy quantification of costs and benefits;
TRC test iswidely used in the industry; and
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TRC test provides a sound basis for an equal economic evaluation between
demand-side and supply-side options.
It is important to discuss the KIUC selection of the TRC test in light of the
following Framework requirements:
[11.E.1. For each feasible resource option, the utility shall determineitslife
cycle costs and benefits and its potential level of achievement of objectives.
The utility shall identify the option’ s total costs and benefits - the costs to the
utility and its ratepayers and the indirect, including external (spillover), costs
and benefits. External costs and benefits include the cost and benefit impact
on the environment, people’s lifestyle and culture, and the State’ s economy.
(emphasis added)
[11.E.3. The costs and benefits shall, to the extent possible and feasible, be (a)
guantified and (b) expressed in dollar terms. When it is neither possible nor
feasible to quantify any cost or benefit, such cost or benefit shall be
qualitatively measured. The methodology used in quantifying or in
gualitatively stating costs and benefits shall be detailed.
[11.H.3. The utility shall analyze all options on a consistent and comparable
basis. It shall give the costs, effectiveness, and benefits and demand-side
management options consideration equal to that given to the costs,
effectiveness, and benefits of supply-side options. The utility may use any
reasonabl e and appropriate means to assure that such equal consideration is
given.

Combined, these Framework requirements direct utilities to include externalities
in the cost and benefit analysis, to measure costs and benefits qualitatively if they cannot
be expressed in dollar terms, and to evaluate al options consistently using, in the case of
demand-side options, reasonable and appropriate means of evaluation.

On the surface, the Framework requirements would seem to drive a utility toward
the use of a societal test rather than the TRC test as the former includes externalities in
the calculation. The Societal test is similar to the TRC test but aso includes externalities,
or non-market benefits to society, primarily environmental benefits and, if applicable,
national security benefits arising, for example, from a reduced reliance on foreign
imports. A societal discount rate is also used. While an attractive test in that it
recognizes the positive externalities associated with demand-side measures, the test
suffers from the practical problem that externaities are inherently difficult to quantify
and no agreed-to method of measurement exists despite a concentrated industry effort in
the 1990s to develop a measurement methodol ogy.
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As previously mentioned, however, the difficulty with the Societal test is that
externalities have proven very difficult to measure in practice and various methods
developed in the 1990s tended to give widely different results, raising the real possibility
that the Societa test could give inaccurate and highly controversial results.

To address thisissue, KIUC has opted to utilize the TRC test to evaluate demand-
side measures, but has made provisions to consider externalities in two ways. First, the
KEMA study selected a benefit to cost ratio of 0.8 instead of 1.0 as an acceptable score
for a demand-side measure. While primarily done to allow for uncertainty in model
inputs and the possibility of aggregation bias (that might cause measures that are cost-
effective in some situations to be overly affected by the screening process), this low cut-
off criterion also serves to alow for external benefits not directly captured in the
measurable economics of the TRC test.

Second, the problem of capturing externalities affects renewable supply-side
resource options as well as demand-side options. The concern is that those options may
not be implemented if the direct, measurable cost is higher than a conventional supply-
side option, even if the costs are close and the external benefits are significant. As a
reasonable means to consider the external benefits of demand-side and renewable supply-
side options, the approach adopted is to take the demand-side measures passing the cost-
effectiveness test, further screen and then combine the remaining measures into one or
more demand-side programs to be tested against the short-listed supply—side options.
Supply-side options, in turn, are scored according to a detailed methodology (from
Section 5) that considers economic and non-economic factors. The purpose of this
methodology is to give appropriate recognition and consideration to the fact that, though
difficult to quantify, non-conventional supply-side resource options do provide external
benefits that should be duly considered in resource selection. By using this weighting
methodology in conjunction with the TRC test, KIUC believes that it appropriately
accounts for externalities, yet avoids the portrayal that such externalities can be precisely
guantified. In other words, the process avoids the confusion that could be created by
trying to combine measurable and non-measurabl e cost estimates into a single cost figure.
The adopted scoring methodology considers external benefits but also allows for the easy
identification of measurable costs associated with an option or plan.

6.2.2 Other Guiding DSM Principles
KIUC also followed the guiding principles below when developing its DSM plan
for this IRP, which resulted in the elimination of some measures passing the TRC test.
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Those measures passing the TRC test must not result in or significantly
contribute to negative rate impacts or interfere with KIUC’ s ability to provide
superior customer service,

Customer incentives should evolve to reflect market dynamics with
consideration given to ramping up programs depending upon market response;
Program implementation costs should be allocated to customer classes
consistent with actual costs. This may be accomplished during true-up
anaysis within KIUC®proposed DSM cost recovery mechanisms;

The potential need to limit DSM services due to rate impacts and managerial
or regulatory constraints will focus on the pace of implementation rather than
limiting of the set of measures offered to members, individually or
collectively;

To minimize inequity between members or classes, KIUC will strive to
provide opportunities to all customer classes,

On-going attention will be paid to new construction, renovation, and major
equipment replacement so that one-time opportunities for cost-effective
installations are not lost; and

Where economic or marginally economic, KIUC will continue programs that
have momentum due to years of marketing and cooperative efforts with
participants.

6.3 The KEMA DSM Study

As part of the IRP process, a demand-side study of the 20-year energy-efficiency
potential in the KIUC residential and commercial sectors was undertaken in 2004 and
2005 by KEMA Inc. (KEMA). The KEMA study evaluated energy efficiency measures
in the residential and commercial sectors that it believed had a realistic chance of being
cost-effective, based on its expertise and Kaua'i specific information provided by KIUC
or collected by KEMA. The full KMEA study is provided in Appendix E. Briefly, the
study proceeded as follows:

A list of measures to be evaluated was developed. A tota of 40 residential
measures and 79 commercial measures were identified.

The technical potential for specific demand-side measures was estimated.
The technical potential identifies the maximum impact of a technicaly
feasible measure if it was to achieve complete adoption.

Next, the economic potential was estimated. This consisted of identifying
the technical potentia of those measures found to be cost-effective as
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measured against a supply-side alternative. The avoided energy and capacity
costs used in the KEMA study were provided by KIUC. These costs were
linked to August, 2004 energy costs and rates, and these were escalated to
future years in the analysis. Measures were evaluated using KEMA’s DSM
ASSY STTM model, which calculated the total resource cost of each measure.
Generdly, those measures having a TRC of 0.8 or higher were deemed to
have passed the TRC test. However, some measures that did not receive a
TRC of 0.8 or higher were aso carried forward to the scoring analysis. Table
6-1 lists the TRC scores for the commercia measures evaluated. Table 6-2
lists the TRC scores for the residential measures eval uated.

6-6



Kaua'i Island Utility Cooperative
Integrated Resource Plan

6.0 Demand-side Resource Options and Program

Development

Table6-1. KEMA’sTotal Resource Cost Ratiosfor Selected Commercial Energy
Efficiency Measures.

M easure TRC M easure TRC
RET 4L4" Premium T8, 1EB 5.18 | Thermal Storage (not modeled directly) 0.44
RET 2L4" Premium T8, 1EB, Reflector 9.31 | DX Tune/Up Advanced Diagnostics 6.29
Continuous Dimming, 5L4" Fluorescent 0.79 | DX Packaged System, EER=10.9, 10 3.08
Fixtures tons
Occupancy Sensor, 4L4" Fluorescent Fixtures 3.68 | Window Film (Standard) - DX 2.02
RNV 2L4'T5HO, 1EB 0.79 | Evaporative Pre-Cooler 0.88
Lighting Control Tune-up 5.68 | Prog. Thermostat - DX 8.46
RET 2L4' Premium t8, 1EB, 3.98 | Cool Roof — DX 3.75
RET 1L4'Premium T8,1EB, Reflector OEM 6.34 | Optimize Controls - DX 13.95
Occupancy Sensor, 8L4" Fluorescent Fixtures 5.04 | Economizer — DX 1.98
Continuous Dimming, 10L4" Fluorescent 0.80 | Window Film (Standard) — Window 2.20
Fixtures AC
RNV 1L4'5HO, 1EB 0.80 | HE Window AC 15.54
Lighting Control Tune-up 6.26 | Prog. Thermostat — Window AC 7.76
RET 2L 8 T8,59W, 1EB 2.07 | Cool Roof —Window AC 4.33
RET 1L.8'T8,50W,1EB, Reflector 6.22 | Fan Motor, 15 HP, 1800rpm, 93% 7.24
Occupancy Sensor, 4L.8', Fluorescent Fixtures 410 | Variable Speed Drive Control, 15 HP 3.89
Cooling Tower Fan - VSD 6.97 | Air Handler Optimization, 15 HP 2.07
CFL Screw-in Modular 18W 6.81 | Fan O&M 2.13
Halogen PAR flood, 90W 1.24 | High Efficiency Pump 6.38
Metal Halide, 50 W 0.68 | VSD Pump 3.00
ROB 4L4’ Premium T8, 1EB 16.76 | Pump O&M 1.88
Occupancy Sensor, 4L4" Fluorescent Fixtures 3.04 | High-Efficiency fan motors 2.63
Lighting Control Tune-up 4.73 | Strip curtains for walk-ins 5.85
ROB 2L 4'Premium T8, 1EB 13.62 | Night coversfor display cases 1.44
Occupancy Sensor, 8L 4" Fluorescent Fixtures 4.07 | Evaporator fan controller for walk-ins 0.87
Lighting Control Tune-up 4.49 | Efficient compressor motor 15.23
RET 2L4'T8, 1EB 6.00 | Compressor VSD retrofit 2.24
Outdoor Lighting Controls 6.78 | Outdoor Lighting Controls 6.97
(Photocell/Timeclock) (Photocell/Timeclock)
RET Pulse Start metal Halide 1.47 | Refrigeration Commissioning 131
Floating head pressure controls 14.08 | Demand Hot Gas Defrost 14.36
LED Traffic Light 1.90 | Demand Defrost Electric 50.02
VSD Chiller 13.85 | Anti-sweat (humidistat) controls 6.48
Window Film (Standard) — Chiller 0.62 | Power Management Enabling 2.15
EMS — Chiller 4.17 | Purchase LCD monitor 0.13
Cool Roof — Chiller 1.68 | Power management Enabling 5.21
Chiller Tune Up/Diagnostics 1.56 | Network Power management Enabling 12.04
Cooling Circ. Pumps—VSD 3.08 | External hardware control 0.37
EMS Optimization 9.20 | Power Management Enabling 6.88
Hotel guest room controls 0.62 | External hardware control 0.24
Economizer — Chiller 2.11 | Nighttime shutdown 0.07

Vending Miser 8.05

Source: Appendix H of the KEMA Study.
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Table6-2. KEMA’sTotal Resource Cost Ratiosfor Selected Residential Energy
Efficiency Measures.

M easure TRC M easure TRC
Energy Start Room Air Conditioner 2.79 | Celling Fans- RAC 0.10
Whole House Fans - RAC 0.17 | Attic Venting- RAC 0.54
Window Film - RAC 0.72 | High Performance Windows - RAC 2.57
Ceiling Insulation R-0 to R-19 0.83 | Wall Insulation R-0to R-13 -RAC 0.08
Infiltration Reduction - RAC 0.18 | Basic HVAC Diagnostic Testing and 0.80

Repair - RAC

Heat Pump Water Heater (EF-2.9) 0.29 | HE Water Heater (EF-0.93) 2.62
Solar Water Heater 0.96 | Tankless Water Heater (EF-0.99) -0.62
Low Flow Showerhead 10.00 | Faucet Aerators 2.28
Pipe Wrap 6.33 | Water heater blanket 7.68
DHW temperature reduction 31.88 | Energy Start Clothes Washer 2.69
Low Flow Showerhead - Solar 4,90 | Faucet Aerators- Solar 1.02
Pipe Wrap - Solar 3.59 | Water heater Blanket - Solar 4,15
Energy Star Clothes Washer - Solar 1.70 | CFL, 0.5 hr/day 244
CFL, 0.5 hr/day, hardwired 0.40 | Halogen, 0.5 hr/day 0.44
CFL, 2.5 hr/day 8.54 | CFL. 2.5 hr/day, hardwired 1.49
Halogen, 2.5 hr/day 0.59 | CFL, 6.0 hr/day 9.49
CFL. 6.0 hr/day, hardwired 1.70 | Halogen, 6.0 hr/day 242
ROB 2L4'T8,1EB 4.13 | Fluorescent Torchierre 7.44
High Efficiency Pool Pump and Motor 3.56 | HE Refrigerator — Energy Starr 3.00
HE Freezer 1.16 | Energy Star Dishwasher 241

Source: Appendix H of the KEMA Study.

6.4 Bundling of Selected Measures

Following the TRC analysis, the commercial measures not screened out
underwent a scoring evaluation in which economic and non-economic factors were used
to evaluate the overal merits of a measure. The overall score for each measure was
based on points assigned in five categories. cost-effectiveness, market size, non-energy
benefits, market barriers, and other implementation issues. Those scores of 2.0 or higher
were deemed to pass the screening test. Table 6-3 lists the commercial measures and
scores that passed the TRC analysis. Table 6-4 lists the residential measures and scores
that passed the TRC test.

Based on the KEMA results and due to the successful nature of past residentia
DSM and subsequently, the significant penetration into these markets, KIUC is not
proposing any new residential DSM programs at this time.
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Table 6-3. Commercial Measure Screening Results

End Use M easur e Description Measure Score | Recommended
Indoor Lighting RET T12 Premium T8/EB 29 Yes
Indoor Lighting RET T12 to Premium T8/EB Reflector 2.7 Yes
Indoor Lighting Occupancy Sensors 2.3 Yes
Indoor Lighting Continuous Dimming 1.9 No
Indoor Lighting T5HO 1.9 No
Indoor Lighting Lighting Control Tune-up 21 Yes
Indoor Lighting CFL Screw-in, Modular 18 W 2.7 Yes
Indoor Lighting Halogen PAR Flood, 90W 2.2 Yes
Indoor Lighting Metal halide, 50 2.0 Yes
Indoor Lighting ROB T8 to Premium T8 2.6 Yes
Outdoor Lighting RET T12 to Premium T8 25 Yes
Outdoor Lighting RET Pulse Start metal Halide 320W 2.2 Yes
Outdoor Lighting Outdoor Lighting Controls 2.3 Yes
Outdoor Lighting Led Traffic Light 1.8 No
Cooling VSD Chiller 2.8 Yes
Cooling Window Film 2.2 Yes
Cooling EMS 24 Yes
Cooling Cool Roof 2.1 Yes
Cooling Cooling Tune Up/Diagnostics 25 Yes
Cooling Cooling Circ. Pumps—VSD 2.2 Yes
Cooling EMS Optimization 21 Yes
Cooling Hotel guest room controls 14 No
Cooling Economizers 1.9 No
Cooling Cooling Tower Fan —VSD 25 Yes
Cooling Thermal Energy Storage 0.9 No
Cooling DX Packaged System, EER-10.9, 10tons | 2.3 Yes
Cooling Evaporative Pre-Cooler 1.8 No
Cooling Prog. Thermostat 2.3 Yes
Cooling Optimize Controls— DX 21 Yes
Cooling HE Window AC 2.8 Yes
Motors Premium Efficiency Fan/Pump Motor 24 Yes
Motors Variable Speed Drive Fan/Pump 2.3 Yes
Motors Air Handler Optimization 1.8 Maybe
Motors Fan/Pump O&M 2.2 Yes
Refrigeration High efficiency fan motors 2.3 Yes
Refrigeration Strip curtains for walk-ins 21 Yes
Refrigeration Night coversfor display cases 15 No
Refrigeration Evaporator fan controller for MT walk-ins | 1.5 No
Refrigeration Efficient compressor motor 2.3 Yes
Refrigeration Compressor VSD retrofit 1.8 No
Refrigeration Floating head pressure controls 2.3 Yes
Refrigeration Refrigeration Commissioning 15 No
Refrigeration Demand Hot Gas Defrost 2.1 Yes
Refrigeration Demand Defrost Electric 2.3 Yes
Refrigeration Anti-sweat (humidistat) controls 2.3 Yes
Misc-Office Equip. Power Management Enabling 2.3 Yes
Misc-Office Equip. Purchase LCD monitor 1.8 No
Misc-Office Equip. External Hardware control 14 No
Misc-Office Equip. Nighttime shutdown — copier 1.1 No
Misc-Vending Vending Miser 2.3 Yes

Source: Table 3-2, Page 3-8 of the KEMA report.
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Table 6-4. Residential M easure Screening Results

Measure Score | Recommended
End Use M easur e Description
Cooling Energy Star Room Air Conditioner 1.6 No
Cooling Ceiling Fans—RAC 1.0 No
Cooling Whole House Fans— RAC 1.0 No
Cooling Attic Venting— RAC 1.0 No
Cooling Window Film-RAC 15 No
Cooling High Performance Windows —RAC 2.2 Yes...No
Cooling Ceiling Insulation R-0 to R-19 RAC 1.8 No
Cooling Wall Insulation R-0to R-13, RAC 1.2 No
Cooling Infiltration Reduction — RAC 1.2 No
Cooling Basic HVAC Diagnostic Testing and Repair - RAC | 1.5 No
Water Heating | Heat Pump Water Heater (EF=2.9) 1.7 No
Water Heating | HE Water Heater (EF=0.93) 2.5 Yes
Water Heating | Solar Water Heat 2.2 Yes
Water Heating | Tankless Water heater (EF-0.99) 1.1 No
Water Heating | Low Flow Showerhead 2.3 Yes
Water Heating | Faucet Aerators 2.0 Yes
Water Heating | Pipe Wrap 2.0 Yes
Water Heating | Water heater Blanket 2.4 Yes
Water Heating | DHW temperature reduction 2.5 Yes
Water Heating | Energy Star Clothes Washer 2.6 Yes
Lighting CFL, screw-in 2.8 Yes
Lighting CFL, hardwired 1.9 No
Lighting Halogen 1.9 No
Lighting ROB T12 to T8/EB (kitchen) 2.3 Yes
Lighting Fluorescent Torchierre 2.6 Yes
Pool Pump High Efficiency Pool Pump and Motor 2.1 Yes
Refrigerator HE Refrigerator — Energy Star 2.5 Yes
Freezer HE Freezer 1.8 No...Yes
Dishwashing Energy Star Dishwasher 2.4 Yes

Source: Table 3-1, Page 3-7 of the KEMA report.

KIUC staff next reviewed the remaining commercial demand-side measures to
develop a fina list that could be bundled into a program and carried forward to the
screening analysis in the IRP. The purpose of this bundling into programs s to allow for
measures targeting a similar end use category to be implemented efficiently. The
efficient implementation involves expenditures for marketing and education, incentives,
direct implementation, and administration. By combining several measures into a single
energy efficiency program, the available funds for promoting the measures within a
program will be leveraged and more effective than if the measures were implemented

independently.
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The resulting commercial program would continue and extend the existing KIUC
commercia rebate program and O&M incentives. Additional offerings would provide
information and education to building owners, operators and third-party technicians to
help improve equipment operating efficiencies through better operating and maintenance
practices. The focus would be on both maintenance of equipment (cooling, fans, pumps,
etc.) and tuning of controls (EMSs, lighting controls, etc.). The budget for the DSM
implementation of this program is similar to the current KIUC budget.

In total, the commercial program would include thirty-three measures, which are
briefly described below and are grouped generally according to their affected end-use
category. Note that most retrofit lighting technologies, energy management systems, and
cooling maintenance are applicable in al sectors. Also, while KIUC believes that the
measures affecting the above will be applicable for most of its members, other energy
savings technologies may be appropriate for specific situations and will be considered for
program incentives based on a site-specific evaluation to determine cost-effectiveness.

6.4.1 Lighting

Super T-8 Lamps with Electronic Ballast: T-8 lamps are a smaller diameter
fluorescent lamp than T-12 lamps. When paired with specialy designed electronic
ballasts, T-8 lamps provide more lumens per watt, resulting in energy savings. Electronic
ballasts replace the standard core and coil technology in magnetic ballasts with solid-state
components. This technology allows for more consistent control over ballast output and
converts power to higher frequencies, causing the fluorescent lamps to operate more
efficiently. For existing T-12 systems, this measure involves the retrofit to the premium
efficiency fixtures at full fixture cost. For existing first generation T-8 systems, this
measure is specified as an upgrade to efficiency levels associated with optimal Super T-8
lamp-ballast combinations on a replace-on-burnout basis (and only incremental cost is
considered). For the analysis, KIUC looked at three fixture types as proxies for the range
of fluorescent fixtures: four-lamp four-foot fixtures, two-lamp four-foot fixtures, and
two-lamp eight-foot fixtures.

Reflectors. Optical reflectors are mirrored surfaces installed in fluorescent
fixtures to direct light toward a specific area or work surface. By installing optical
reflectors, four-lamp and three-lamp fluorescent fixtures can be reduced to two lamp
fixtures and still meet the needed lighting levels.

Occupancy Sensors. Occupancy sensors (infrared or ultrasonic motion detection
devices) turn lights on upon a person’s entry into a room, and then turn the lights off from
% minute to 20 minutes after the person leaves. Occupancy Sensors require proper
installation and calibration. Their savings also depend on the mounting type and location.
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Continuous Dimming: Dimming electronic ballasts can be incorporated into a
day lighting strategy around the perimeter of office buildings or in areas under skylights.
These systems use photocells to reduce power consumption and light output when
daylight is available. T-5 High-Output Lighting with Electronic Ballast: Like T8 lamps,
straight tube T5 lamps are available in nominal 2’, 3', 4, and 5 lengths. Standard T-5
lamps have light output and efficiency comparable to T-8/electronic ballast systems. High
output T-5 lamps have considerably higher light output: a 1-lamp high output T-5 cross-
section can replace a 2-lamp T-8 cross-section. The 5/8” bulb diameter of the T-5 lamp
lends itself to low profile luminaries well suited for cove lighting and display case
lighting. Its smaller scale allows for sleeker fluorescent indirect and direct/indirect
pendants and shallower profile recessed troffer type luminaries. Because of variances in
actual lamp lengths and a different socket design, the T-5 lamp cannot easily be
retrofitted in existing T-12 and T-8 luminaries. Consequently, use the T-5 lamp to its best
advantage in specially designed luminaries.

Compact Fluorescent Lighting (CFLs): Compact fluorescent lamps are
designed to replace standard incandescent lamps. They are approximately four times
more efficacious than incandescent light sources. Screw-in modular lamps have reusable
ballasts that typically last for four lamp lives.

Lighting Control Tune-up: This involves various measures to optimize the
customer’s current lighting control systems, with measures such as. relocating/tuning
occupancy sensors, relocating photocells, optimizing sweep timers, repairing lighting
timers, and adjusting lighting schedules.

Pulse-Start Metal Halide Lamps. Pulse-start lamps which have a greater light
output than standard metal halide provide a white light and require specia ballasts and
fixtures for each specific lamp. The pulse-start metal halide combined with new, more
efficient low current crest factor ballasts using high voltage igniters provides higher light
levelsinitially (20 percent more) and significantly more maintained light over time (40%
more) than today’ s standard metal halide.

Outdoor Lighting Controls (Photocells and Time Clocks): Photocells can be
used to automatically control both outdoor lamps and indoor lamps adjacent to skylights
and windows. When lights do not need to be on all night, a photocell in series with a
time clock provides maximum savings and eliminates the need for manual operation and
seasonal time clock adjustments. Time clocks enable users to turn electrical equipment on
and off at specific times during the day or week.

LED Traffic Lights: A light-emitting diode (LED) is a semiconductor device that
uses solid-state electronics to produce colored light. Manufacturers package individual
LEDs into a traffic signa head, which produces highly visible light and can be easily
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installed into the existing structure. LED signals use 80-90 percent less electricity than
traditional incandescent traffic signals. Because traffic signals operate 24 hours a day,
365 days a year, the opportunity for savings is significant. LED traffic signals last 5-10
times longer than traditional signals. This longer life trandates into substantial
mai ntenance savings.

6.4.2 Space Cooling

VSD Chiller: The measure applies to the manner that the chiller capacity is
controlled. The base case chiller is a constant-speed high efficiency chiller (one that
meets the Hawai i energy code minimum performance rating). In the base case constant
speed chiller, cooling output is controlled by changing the pitch of adjustable vanes at the
inlet end of the centrifugal refrigerant compressor. With this method of control, some of
the energy in the refrigerant is lost as pressure drop as it passes through the vanes. With
the variable speed compressor, capacity is controlled by changing the speed that the
compressor rotates with a VSD. Pressure drop losses are avoided with VSD control.
Savings for this measure are greatest when the system is operating alower part |oads.

VSD Cooling Circulation Pumps: Variable speed drives instaled on chilled
water pumps can reduce energy use by varying the pump speed according to the
building's demand for cooling. Thereis also a reduction in piping losses associated with
this measure, which can have a major impact on the heating loads and energy use for a
building. Pump speeds, however, can generally only be reduced to a minimum specified
rate because chillers and the control valves may require a minimum flow rate to operate.

VSD Cooling Tower Fans: Energy usage in cooling tower fans can be reduced
by installing electronic variable speed drives (VSDs). VSDs are a far more efficient
method of regulating speed or torque than other control mechanisms. Energy required to
operate a fan motor can be reduced significantly during reduced load conditions by
instaling aVSD.

DX Packaged System Efficiency Upgrade: A single-package A/C unit consists
of a cabinet housing containing a condensing unit, a compressor, and an indoor fan/coil.
An additional benefit of package units is that there is no need for field-installed
refrigerant piping, thus minimizing labor costs and the possibility of contaminating the
system with dirt, metal, oxides, or non-condensing gases. This measure involves
instalation of a TIER 2 high efficiency unit (EER=10.9) versus a standard unit
(EER=10.3)

Evaporative Pre-Cooler: Evaporative pre-cooler pre-cools outdoor air through
an air-to-water heat exchanger so that the outdoor supply air is sensibly cooled and
humidity is not raised. This processis designed to reduce the need for mechanical cooling
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by providing a cooler than ambient source of supply outdoor air. The effectiveness of this
measure is highly dependent on the characteristics of the outdoors and the cooling
requirements of the building.

Installation of Air-Side Economizers. Air-side economizers reduce the energy
consumption associated with cooling by providing access to outside air in lieu of using
mechanical cooling of recirculated indoor air when temperatures permit.

DX Tune up/Advanced Diagnostics. The assumed tune-up includes cleaning the
condenser and evaporator coils, establishing optimal refrigerant levels, and purging
refrigerant loops of entrained air. The qualifying relative performance range for a tune-up
is between 60 and 85 percent of the rated efficiency of the unit. The tune-up includes
fresh air economizer controls providing demand control ventilation and consisting of a
logic module, enthal py sensor(s), and CO2 sensors in appropriate applications.

Chiller Tune-up/Diagnostics. In addition to some of the activities conducted in a
DX tune-up, an optimization of the chilled water plant can include activities such as:
optimizing CW/CHW setpoints, improving chiller staging, trimming pump impellers,
resetting chilled water supply temperature, and staging cooling tower fan operation.

Energy Management System: The term Energy Management System (EMS)
refers to a complete building control system, which usually can include controls for both
lighting and HVAC systems. The HVAC control system may include on/off scheduling
and warm-up routines. The complete lighting and HVAC control systems are generaly
integrated using personal computer and control system software.

EMS Optimization: Energy management systems are frequently underutilized
and have hundreds of minor inefficiencies throughout the system. Optimization of the
existing system frequently results in substantial savings to the measures controlled by the
EMS (e.g. lighting, HVAC) by minimizing waste. Improvements can include: building
start-up schedule adjustments, improving integrated sequence of operations, calibration
of sensors, and relocation of OA sensors.

Programmable Thermostat: Setback programmable thermostats are appropriate
controls for HVYAC equipment that serve spaces with regular occupied and unoccupied
periods, resulting in long periods of time when heating and cooling setpoints can be
adjusted.

Hotel Guest Room Controls. Guest room energy management controls use
sensors to determine when a room is unoccupied, and then adjust the HVAC system
operations to an unoccupied setting. When guests return, the system readjusts to meet
guest comfort requirements. Many guest room controls utilize electronic sensing devices
to identify room occupancy and reduce guest room energy use during the times a guest is
not in the room. Sensor control systems can be installed in new and existing buildings
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without altering wiring configurations or disrupting the HVAC system. Another separate,
more popular guest room energy management system is activated by guests. These
systems operate through the insertion of a key, key ring tab, or magnetic card into aroom
control panel. Typically, a guest inserts the room key into a control panel slot near the
door, often by the light switch. This insertion activates the system and turns the system
“on”, alowing the room’s HVAC system to work. Then, when the guest |leaves, the key
is removed, which deactivates the room’ s system.

Window Film: Reflective window film is an effective way to reduce solar energy
gains, thus reducing mechanical cooling energy consumption. Windows affect building
energy use through thermal heat transfer (U-value), solar heat gains (shading coefficient),
day-lighting (visible light transmittance), and air leakage.

Cool Roof: The color and material of a building structure surface will determine
the amount of solar radiation absorbed by that surface. By using an appropriate reflective
material to coat the roof, the roof will absorb less solar radiation and consequently reduce
the cooling load.

6.4.3 Ventilation

Motor Efficiency Upgrade: Premium efficiency motors use additional copper to
reduce electrical losses and better magnetic materials to reduce core losses, and are
generally built to more precise tolerances. Consequently, such motors are more reliable,
resulting in reduced downtime and replacement costs. Premium efficiency motors may
also carry longer manufacturer’ s warranties.

VSD on Motor Installation: Energy usage in HVAC systems can be reduced by
instaling electronic variable speed drives (VSDs) on ventilation fans. VSDs are a far
more efficient method of regulating speed or torgque than throttling valves, inlet vanes and
fan dampers. Energy required to operate a fan motor can be reduced as much as 85%
during reduced load conditions by installing aV SD.

Air Handler Optimization, 15 Hor sepower (HP): Optimization of a building's
air-handling system is concerned principally with the proper sizing and configuration of
its HVAC units. Energy savings can result from a variety of improvements, including
reduced equipment loads and better functionality of existing equipment.

Fan O& M: Actions include tightening belts, cleaning fans, and changing filters
on aregular basis.

6.4.4 Pumps
Motor Efficiency Upgrade: Premium efficiency motors use additional copper to
reduce electrical losses and better magnetic materials to reduce core losses, and are
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generaly built to more precise tolerances. Consequently, such motors are more reliable,
resulting in reduced downtime and replacement costs. Premium efficiency motors may
also carry longer manufacturer’ s warranties.

VSD on Motor Installation: Energy usage in pumping systems can be reduced
by installing electronic variable speed drives (VSDs). VSDs are a far more efficient
method of regulating speed or torque than other control mechanisms. Energy required to
operate a pump motor can be reduced significantly during reduced load conditions by
instaling aVSD.

Pump O&M: Activities include replacing worn impellers and inspecting and
repairing bearings, lip seas, packings, and other mechanical seals.

6.4.5 Refrigeration

Motor Efficiency Upgrade for Fans and Compressors. In addition to saving
energy, premium efficiency motors are more reliable, resulting in reduced downtime and
replacement costs.

Strip Curtains: Installing strip curtains on doorways to walk-in boxes and
refrigerated warehouses can produce energy savings due to decreased infiltration of
outside air into the refrigerated space. Although refrigerated spaces have doors, these
doors are often left open, for example during product delivery and store stocking
activities.

Night Covers: Installing film or blanket type night covers on display cases can
significantly reduce the infiltration of warm ambient air into the refrigerated space. This
reduction in display caseloads in turn reduces the electric use of the central plant,
including compressors and condensers, thus saving energy. The target market for this
measure is small, independently owned grocery stores and other stores that typically
close a night and restock their shelves during the day. The target cases are vertical
displays, with asingle- or double-air curtain, and tub (coffin) type cases.

Evaporator Fan Controller for Medium Temperature Walk-Ins. In response
to the temperature set point being satisfied in a medium temperature walk-in cooler,
evaporator fans are cycled to maintain minimum necessary air flow, which prevents ice
build-up on the evaporator coils. In conventional systems, fans run constantly whether the
temperature set point is satisfied or not.

Variable Speed Compressor Retrofit: A variable speed compressor is a screw
or reciprocating compressor whose current is modulated by a frequency inverter. A
controller senses the compressor suction pressure and modulates the current and therefore
the motor speed in response to changes in this pressure. When low load conditions exist,

6-16



Kaua'i Island Utility Cooperative 6.0 Demand-side Resource Options and Program
Integrated Resource Plan Development

the current to the compressor motor is decreased, decreasing the compressor work done
on the refrigerant.

Floating Head Pressure Controls. Floating head pressure controls alow a
refrigeration system to operate under lower condensing temperature and pressure settings,
where compressor operation is most efficient, working against a relatively low head
pressure. The condensing temperature is allowed to float below the design set point of,
say, 95 degrees F under lower outdoor temperatures, which in-turn lowers the condensate
pressure. In a conventional system, a higher fixed condensing temperature set point is
used, which results in a lowered capacity for the system, requires extra power, and may
overload the compressor motor. Energy savings can be realized if the refrigeration system
head pressure is alowed to float during periods of low ambient temperature when the
condensing temperature can be dramatically reduced.

Refrigeration Commissioning: Refrigeration commissioning refers to a process
whereby refrigeration systems are subject to inspection on a variety of criteria to ensure
efficiency. The commissioning process can involve tests that cover a system’s controls
for humidity and temperature, anti-condensation, and heat recovery, among others.

Demand Defrost: Defrost of a refrigeration system is critical to its efficient
operation. Demand defrost uses a pressure-sensing device to activate the defrost cycle
when it detects a significant drop in pressure of the air across the refrigeration coil.
Because the electrica load during the defrost cycle can be three times the normal
operational demand, demand defrost can save energy over manual defrosting. The energy
savings occur by minimizing the amount of time spent on defrosting.

Humidistat Controls: A humidistat control is a control device that turns
refrigeration display case anti-sweat heaters off when ambient relative humidity is low
enough that sweating will not occur. Anti-sweat heaters evaporate moisture by heating
the door rails, case frame and glass of display cases. Savings result from reducing the
operating hours of the anti-sweat heaters which, without a humidistat control, generally
run continuously. There are various types of control strategies including cycling on a
fixed schedule.

6.4.6 Office Equipment

Power Management Enabling: This measure can be applied to PCs, PC
monitors, and copiers. For PCs and copiers, manual enabling of the power management
features is the only viable solution. For monitors, manual enabling and group enabling
via network software are options.

LCD Monitors: LCDs are becoming more attractive options in terms of quality.
However, because they cost five times more than a comparable CRT, until prices drop,
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using them purely as an energy saving measure will not be an option for most desktop
users.

External Hardware Controls. Occupancy sensors have been used for years to
conserve energy in office lighting applications. The application has expanded to include
other office equipment such as plug-load sensors. These incorporate an occupancy sensor
with arelay that is able to turn equipment that is plugged into it on or off. The plug-load
sensors range from devices that control a single electrical outlet or piece of equipment to
devices that control multiple outlets and can work together with other sensors.

Printer Nighttime Shutdown: The simplest action to save printer energy is to
shut the machine off at night. While this recommendation is particularly important for
conventional printers without power management, it is important to turn off ENERGY
STAR printers aswell, as they can draw up to 30-45 watts when in low power mode.

6.4.7 Other

Vending Machine Controls (VendingMiser): The VendingMiser consists of a
motion sensor and the miser itself. The vending machine is plugged into the
VendingMiser, which is attached to a wall and plugged into an outlet, and the motion
sensor is plugged into the VendingMiser. Utilizing the motion sensor, the VendingMiser
powers down a vending machine when the area surrounding it is unoccupied, and
automatically re-powers the vending machine when the area is reoccupied. Additionally,
the VendingMiser monitors the ambient temperature while the vending machine is
powered down. Using this information, the VendingMiser automatically powers up the
vending machine at appropriate intervals, independent of occupancy, to ensure that the
vended product stays cold.

6.5 Commercial Program Implementation

The identified commercial program will expand the number of DSM measures
currently offered to the commercial sector. A description of current program
implementation will therefore also serve as a description of the implementation of the
future commercial program.

6.5.1 Overview

The commercial program promotes energy efficiency improvements in existing
commercia buildings and also includes qualifying equipment replacement and new
construction measures until such time as the commercial new construction program
proves cost effective as a stand-alone program. The program targets all existing non-
residential members. The primary components of this program are energy audits,
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customer education, and monetary incentives for measures which are installed through
the program.

As KIUC promotes energy efficient equipment through local distribution
channels, a primary key to success will be the continued development of the trade ally
infrastructure to ensure that energy efficient measures are readily available and that local
installation contractors are fully familiar with KIUC® installation and materia standards.
It is important to let trade alies know what KIUC is planning to do with their programs,
how KIUC seeks their help, the advantages to the trade allies from DSM program
participation, and the role of the trade ally. KIUC will continue relationship-building with
the trade allies. Other key implementation issues include ensuring that all departments
are aware of the DSM program being offered due to the well-established relationships
between various KIUC departments and our members, and that KIUC staff be available
to provide technical support to assist architects, maintenance engineers, and builders in
incorporating program measures into their buildings.

6.5.2 Marketing Strategy

KIUC's Commercial Energy Services Specialist conducts an on-site analysis of
existing energy usage, prepares a report for the member that itemizes energy efficient
retrofit opportunities, and assists the member in implementing approved measures by
arranging with installation subcontractors to ensure measures are installed properly.
KIUC will work with trade allies of various DSM measures to achieve high penetration
levels at the lowest possible cost to participating members and ratepayers.

Experience has shown that a generally standardized approach to all rate groups
can work satisfactorily to ensure that program goals are met in the most economic
manner while still ensuring a high level of customer service. The market has been
segmented into three magjor groupings. members using less than 30 kW (small), members
using 30 to 100 kW (medium), and members using over 100 kW (large), KIUC targets a
cross section of all commercial members in order to spread program benefits equitably
throughout the commercial customer population.

KIUC's marketing message has focused on providing technical and financia
assistance to help members make wise investments regarding life-cycle savings on
electrical equipment. Attempts to recruit participants using media based and mass
marketing techniques have proved to be unsuccessful over time. Instead, KIUC employs
adirect contact strategy to reach potential commercial participants, allowing member key
concerns to be addressed right up front with possible solutions to consider.
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Large Members

KIUC is actively involved in working with the large hotels, retail stores, and
institutional members on an ongoing basis. The Commercial Energy Services Specialist
coordinates with the Key Accounts Executive to build relationships and maintain an
ongoing dialog with large accounts. This helps to position KIUC as an aly on many
issues of importance such as co-generation, expansion plans, energy efficiency, and
operational issues. The benefit evolves by the sharing of information from a more
diverse cross-section of a business's staff and taking advantage of their specific hands-on
responsi bilities within the company.

Because of the complexity and interactive nature of end-uses in KIUC® largest
customer facilities, technical assistance and custom incentive packages are used to
encourage program participation.

KIUC often prepares an "energy improvement plan”, which seeks to implement
large energy efficiency retrofits over time, allowing for the equitable distribution of
incentive dollars among the three commercial groups. Trade alies adso play an integral
role in promoting energy efficiency with large customers by providing insight as to
possible remaining life of equipment and other indirect affects that might occur by
member non-action.

Medium Members

Medium sized accounts are managed much like the large accounts. Direct contact
with key decision makers results in a smoother adoption of energy efficient
recommendations.

Small Members

The opportunities in most small sized facilities are generaly limited to lighting
measures. Lighting is a major percentage of their energy expense and low efficient
incandescent lighting is still commonly found. With the development of more efficient
specia application lighting, there is a growing acceptance of the technology, and when
combined with special incentives directed specifically at the small business through the
DSM program, the percentage of contacted members who participate is improving. One
positive indicator of this developing acceptance is the growing number of first time
parti ci pants requesting assi stance.

KIUC's Commercial Energy Services Specialist often canvasses commercia
members in tight geographic proximity, such as retail malls, and provides an audit
mechanism appropriate for small members and reports to participants. Although this
approach will often require a second visit to accommodate the working schedule of the
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responsible person or owner, it seems more effective than “cold phone calling” as it
provides the perfect opportunity to plant the seed of energy savings and assess potential
interest. It aso affords the ability to make a visual assessment of the facility, enabling
preliminary savings estimates and strategy options prior to aformal meeting. Over time,
this seems to have a very practical benefit by reducing the time impact of the otherwise
busy schedules of small business managers or owners.

Due to the nature of the small account in general, adoption of measures yield
lower energy savings than other groups and often require more nurturing and reassurance
in the value of DSM measures. The reasons for this may vary but usually stem from the
fact that small members often do not own the building they occupy and are reluctant to
make non-essential improvements. They are also more often impacted negatively by
seasonal changes and down turnsin the economy.

When possible, KIUC also works with The County Public Works Department®
Building Division and the Planning Department to identify potential new projects. In
addition, KIUC will encourage KIUC employees to indicate to the DSM staff when they
see new construction in progress.

The program is available for all types of commercial new construction and
renovation. Although the current level of new construction activity on Kaua'i is high in
the residential sector, KIUC will, through its trade ally representative, continue to
monitor commercial activity and compliance to the Building Code. Marketing efforts are
adjusted as needed to address any changes in construction activity and potential DSM
opportunities.

6.5.3 Marketing Materials

KIUC experience has shown that direct contact marketing, supplemented by trade
aly referras, will be sufficient to elicit commercial members participation in the
program. This may be supplemented by product cut sheets that will be used to teach
about applicable technologies and their aesthetic considerations, and trade contractor
work orders which are executed by program participants.

Going forward, KIUC will offer an Information and Training component to the
direct contact marketing strategy. KIUC plans to host a number of workshops and
seminars that will provide information and direction for emerging energy saving
technologies. It will also emphasize the benefits of regular maintenance for existing
efficient equipment.

KIUC has dready surveyed a number of large, medium and small commercial
accounts in an effort to determine areas of interest and need for workshops planned for
PY 2007.

6-21



Kaua'i Island Utility Cooperative 6.0 Demand-side Resource Options and Program
Integrated Resource Plan Development

6.6 Program Delivery

6.6.1 Overview

KIUC® Commercia Energy Services Specialist is responsible for: direct
marketing, performing audits, assisting contractor selection for measure installation, and
conducting quality assurance inspections to ensure contractor compliance with KIUC
installation and material standards. The Specialist is also responsible for recruiting Trade
Allies and maintaining alisting of qualified participating trade alies.

Delivery to Large Members

Because of the potentia for many efficiency projects at each facility, KIUC and
customer budget constraints, this customer group may lend itself to the creation of an
"energy improvement plan” with specific projects which might be implemented in phases
over several years.

The following basic procedures are followed to facilitate the implementation of

program measures for this member group:

3. The Commercia Energy Services Specialist will establish contact with
decision makers and facility engineersto identify potential projects for
analysis. The facility auditor will conduct a walk-through of the facility to
generally identify the opportunities for energy improvements and a possible
schedule. This same procedure would also apply in the case of the business
coming to KIUC with their own energy savings recommendation.

4. Theresource value of the opportunitiesis calculated and KIUC provides an
analysis that describes the estimated cost to implement proposed measures,
estimated energy savings (at the member’ s rate schedule), life expectancy, and
member’ s payback on investment.

5. The Commercial Energy Services Specialist then provides alist of
participating trade allies to assist the customer in selecting a contractor for
measure installation. Once abid isreceived, KIUC reviewsit for compliance
within the DSM requirements and if accepted, notifies the member by
providing an “Incentive Agreement” signed by appropriate authorities at
KIUC. Thissigned “Agreement” represents the approval for the member to
start their project.

6. Upon completion of any project, the Commercial Energy Services Specialist
then confirms the measure installed to insure compliance with KIUC
agreements, verifies contractor invoices, and approves incentive payment for
the member.
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Delivery to Medium Members

KIUC® ddlivery approach for these members will focus on attempting to get the
customer to implement all cost-effective measures as a comprehensive package rather
than in phases over time. This will reduce the need for follow-up calls and "re-audits”,
thereby reducing overall program costs.

1.

The Commercial Energy Services Specialist will contact the facility and
explain the basic program process, and collect the necessary site datato
process an energy audit.

The analysis report will be produced based on the data collected.

Once the audit report is completed and reviewed for accuracy, it will be
presented to the customer, along with a proposal for the installation of
applicable measures. The audit/proposal will include measure costs, energy
and demand impacts, incentives, and paybacks.

The member has the choice of which trade alliesto provide bidsand is
encouraged to follow their company bid policy. Where necessary, the
Commercial Energy Services Specialist may assist |ess devel oped businesses
with this process, if so desired by the owner or their designate.

The Commercial Energy Services Specialist will monitor contractor activity to
ensure that measure install ations occur in atimely manner and with minimal
disruption to the customer@normal business activities. Evening and weekend
installations will be a prerequisite for all participating contractors.

Upon completion of the job, the contractor will submit customer-approved
completion notice(s) to the auditor. If financing is not required, the customer
will make their payment to the contractor at the time of job completion.

The Commercial Energy Services Specialist will schedule an on-site
inspection to ensure that the contractor has met all program guidelines.

Based upon KIUC approval, KIUC will pay the balance of the subcontractor’s
bill (the rebate) directly to the subcontractor. In the event that financing was
included, the loan proceeds will be paid to the subcontractor by the financial
institution.

Delivery to Small Members

As previously mentioned, KIUC, through its Commercia Energy Services
Specidist, will employ direct marketing by visits and phone contact. Referrals are also
encouraged.
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KIUC will maintain responsibility for all aspects of program marketing, technical
support, incentive payment, and the level of quality assurance inspections to monitor
architect and builder compliance with KIUC installation and material standards.

KIUC® Energy Services staff will continue to work closely with members and
trade allies to ensure that goals are met, that all services are delivered in a professional
manner and that KIUC® high standards for customer service are maintained. KIUC will
monitor compliance with program guidelines through required regular reporting, third-
party quality assurance inspections, and customer satisfaction survey instruments.

I ncentives

KIUC's godl is to pay no more in incentives than what is needed to move the
market. Because participants will receive the benefits of installing the measures, they
should pay a portion of the costs. The strategy was to keep the incentive levels low at first
and then increase them as necessary if market acceptance drops off. However, with some
customization for the various rate classes, the program has developed to a threshold that
seems to offer enough encouragement for sustainable participation without over
encouraging.

KIUC is developing plans to provide technical training to participants and cash
incentives to address the first cost barrier of higher incrementa costs that can be
significant in the new construction markets. Technical training may include sessions on
high efficiency HVAC, motors, and lighting, including information on equipment
benefits, usage, and design using high efficiency products.

The incentives will be set to the level required to move the market in any given
program year. KIUC plans to adjust the level of technical support and customer
incentives over time based on the responses of the market and compliance with the
Building Code.

6.6.2 Program Budget and Impacts

The budget for the commercial program depends on the aggressiveness with
which the program is pursued. KIUC has prepared budget and impact estimates for two
scenarios. Table 6-5 through Table 6-7 include the program budget and impact estimates
for a base line (DSM-1) portfolio and Table 6-8 through Table 6-11 include the budget
and impact estimates for an aggressive (DSM-2) scenario. These budgets have been
considered in the initial cost-effectiveness tests and are further considered in the detailed
modeling performed in Section 8. Both the DSM-1 and DSM-2 options are evaluated in
Section 8 of this IRP. The DSM analysis was conducted based on the avoided costs listed
in Table 6-11.
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Table6-5. DSM-1 Measure Level Database.
Expected
Market Number of
Measure Type of Installed | Target |Penetration | Measures Distribution
Number Program Measure Unit Market % Installed Year 1 Year 2 Year 3 Year 4 Year 5
113 Premium T8/EB Lamps 24666 80 19733 1144 1212 1272 1317, 1347
115 Occupancy Sensors Sensors 5717 10 572 34 36 37 38 39
118 Lighting Control Tuneup SqFt 1818051 6 109083 5562 8814 9452 8629 7186
166 CFL Screw-in Lamps 52005 85 44204 3243 3280 3208 3064 2877
176 Halogen PAR Flood Lamps 1266 100 1266 73 77 81 84 86
212 Outdoor Lighting Controls (Photocell/Timeclock) [Units 224 90 202 17 18 17 15| 12
221 Pulse Start Metal Halide Lamps 438 87 381 24 24 25 25| 26
301 VSD Chiller Tons 770 75 577 22 29 34 38 41
302 Window Film SqFt 95594 75 71695 4729 4848 4883 4852 4770
303 EMS Chiller Tons Controlled 6233 88 5485 384 394 391 378 360
304 Cool Roof SqFt 1438068 50 719034 50330 51754 50920 48661 54569
305 Cooling Tune Up/Diagnostics Tons 3976 25 994 40 66 75 74 68
306 Cooling Circ. Pumps - VSD Tons 2809 75 2107, 136 140 142 142 141
307 EMS Optimization SqFt 2432868 28 681203 67929 96333 86248 60851 34739
310 Cooling Tower Fan - VSD Tons 6367, 75 4775 373 380 365 338 304
321 DX Tune Up/Advanced Diagnostics Tons 3318] 75 2489 151 232 238 205 159
322 DX Packaged System Tons 672 100 672 38 40 42 44 46
325 Programmable Thermostat Tons Controlled 3734 75 2801 182 192 195 193 188
327 Optimize Controls - DX SqFt 540630 28 151376 18680 25709 21796 13998 6563
341 HE Window AC Tons 2137, 100 2137, 77 105 126 142 153
403 Air Handler Optimization SqFt 1254369 28 351223 12838 21660 25386 25839 24390
404 Fan/Pump O&M HP 5693 50 2847 109 183 211 212 197
501 Premium Efficiency Fan/Pump Motor HP 1508 90 1357 63 73 83 90 95
502 Variable Speed Drive Fan/Pump HP 7246 15 1087 72 74 75 74 73
601 High efficiency refrig fan motors Store 3 100 3 0.2 0.2 0.2 0.2 0.1
602 Strip curtains for walk-ins Store 3 100 3 0.3 0.3 0.2 0.2 0.2
605 Efficient compressor motor Store 2 100 2 0.1 0.1 0.1 0.1 0.1
607 Floating head pressure controls Store 4 100 4 0.4 0.4 0.4 0.3 0.2
609 Demand Hot Gas Defrost Store 2 100 2 0.2 0.2 0.2 0.2 0.1
610 Demand Defrost Electric Store 4 100 4 0.4 0.5 0.5 0.3 0.2
611 Anti-sweat (humidistat) controls Store 10| 100 10 0.8 0.8 0.7 0.7 0.6
922 Power Management Enabling Units 359 100 359 12 21 26 27 26
951 Vending Miser Units 275 70 193 17 17 16 14 12
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Table6-5. DSM-1 Measure L evel Database.
Unit Demand Expected Life
Measure Unit Energy Total Energy | Peak Demand Savings Total Demand (Hours or Measure
Number Program Measure Savings kWh | Savings kWh Unit KW/GWh Savings kW Years) Installed Cost $
113 Premium T8/EB 49.8 982233 Fixture 70.8 69.5 70000 55.00
115 Occupancy Sensors 527.0 301295 Fixture 49.5 14.9 40000 30.42
118 Lighting Control Tuneup 0.1 14253 SqFt 575.7 8.2 6 0.02
166 CFL Screw-in 190.2 8408551 Fixture 35.9 302.2 20000 20.45
176 Halogen PAR Flood 183.9 232798 Fixture 241.5 56.2 2000 13.20
212 Outdoor Lighting Controls (Photocell/Timeclock) 1175.2 237068 Fixture 64.1 15.2 20000 118.80
221 Pulse Start Metal Halide 486.2 185111 Fixture 251.2 46.5 20000 200.00
301 VSD Chiller 410.4 236988 Tons 45.9 10.9 20 60.00
302 \Window Film 7.8 560139 SqFt 238.6) 133.6 10 3.38
303 EMS Chiller 251.6 1380072 Tons 45.6 62.9 10 66.00
304 Cool Roof 0.8 605367| SqFt-Roof 211.6) 128.1 10 0.23
305 Cooling Tune Up/Diagnostics 176.9 175874 Tons 222.1 39.1 3 39.24
306 Cooling Circ. Pumps - VSD 140.9 296832 Tons 226.1] 67.1 15 71.54]
307 EMS Optimization 0.2 148898 SqFt 232.1] 34.6 5 0.01
310 Cooling Tower Fan - VSD 192.0 917119 Tons 227.4 208.5 15 45.00
321 DX Tune Up/Advanced Diagnostics 317.8 790848 Tons 238.5 188.6 3 18.33
322 DX Packaged System 159.3 107009 Tons 237.1] 25.4 10 796.40
325 Programmable Thermostat 171.6 480516 Tons 117.7, 56.6 10 22.55
327 Optimize Controls - DX 0.3 51842 SqFt 265.1] 13.7 5 0.01
341 HE Window AC 307.4 656750 Tons 240.3 157.8 7 16.50
403 Air Handler Optimization 0.2 74922 SqFt 403.0 30.2 5 0.05
404 Fan/Pump O&M 114.4] 325524 HP 437.1 142.3 3 30.00
501 Premium Efficiency Fan/Pump Motor 40.3 54704 HP 459.7 25.1 15 10.00
502 \Variable Speed Drive Fan/Pump 662.9 720420 HP 403.0 290.3 15 254.10
601 High efficiency refrig fan motors 76837.8 210172 Store 464.7 97.7 16 51072.12
602 Strip curtains for walk-ins 26272.5 82680 Store 451.7, 37.3 4 2194.50
605 Efficient compressor motor 45368.0 79393 Store 464.0 36.8 10 3861.00
607 Floating head pressure controls 46877.6 188743 Store 462.5 87.3 14 5494.50
609 Demand Hot Gas Defrost 16801.1 35057 HP 483.6 17.0 10 27.50
610 Demand Defrost Electric 56948.4 227576 HP 116.5 26.5 10 27.50
611 Anti-sweat (humidistat) controls 33118.9 324610 Store 464.0 150.6 12 7095.44
922 Power Management Enabling 195.8 70209 Units 378.0 26.5 4 15.40
951 Vending Miser 1337.4 257860 Units 424.2 109.4] 10 181.50
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Table6-5. DSM-1 Measure L evel Database.
Measure PV of Measure Cost for TRC| PV of Avoided Cost for TRC
Number Program Measure $ $ TRC Ratio Total Resource Net Benefit $
113 Premium T8/EB 91072 471753 5.18 380681
115 Occupancy Sensors 22656 83374 3.68 60718
118 Lighting Control Tuneup 204 1159 5.68 955
166 CFL Screw-in 280530 1910409 6.81 1629879
176 Halogen PAR Flood 709364 879611 1.24 170247
212 Outdoor Lighting Controls (Photocell/Timeclock) 1375 9323 6.78 7948
221 Pulse Start Metal Halide 635292 933879 1.47 298587
301 VSD Chiller 43200 598320 13.85 555120
302 \Window Film 332210 671064 2.02 338854
303 EMS Chiller 89440 372965 4.17 283525
304 Cool Roof 15147 43926 2.90 28779
305 Cooling Tune Up/Diagnostics 27178 42398 1.56 15220
306 Cooling Circ. Pumps - VSD 49086 151185 3.08 102099
307 EMS Optimization 3438 31630 9.20 28192
310 Cooling Tower Fan - VSD 31056 216460 6.97 185404
321 DX Tune Up/Advanced Diagnostics 28392 178586 6.29 150194
322 DX Packaged System 74613 229808 3.08 155195
325 Programmable Thermostat 10542 85496 8.11 74954
327 Optimize Controls - DX 912 12722 13.95 11810
341 HE Window AC 40590 630769 15.54 590179
403 Air Handler Optimization 25212 52189 2.07 26977
404 Fan/Pump O&M 55625 111528 2.01 55903
501 Premium Efficiency Fan/Pump Motor 2916 18604 6.38 15688
502 Variable Speed Drive Fan/Pump 15660 46980 3.00 31320
601 High efficiency refrig fan motors 67712 178083 2.63 110371
602 Strip curtains for walk-ins 3364 19679 5.85 16315
605 Efficient compressor motor 6688 101858 15.23 95170
607 Floating head pressure controls 4392 61839 14.08 57447
609 Demand Hot Gas Defrost 900 12924 14.36 12024
610 Demand Defrost Electric 2490 124550 50.02 122060
611 Anti-sweat (humidistat) controls 11518 74637 6.48 63119
922 Power Management Enabling 23471 111409 4.75 87938
951 Vending Miser 17138 137961 8.05 120823
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Table6-6. DSM-1 Program Summary | mpacts.

Net Energy Savings Net Peak Demand Savings | New Net Energy Savings New Net Pe_ak Demand
KWh KW KWh Sovns
Year 1 1,342,801 183 1,342,801 183
Year 2 2,780,608 376 1,437,808 193
Year 3 4,207,825 567 1,427,217 191
Year 4 5,565,166 751 1,357,341 184
Year 5 6,825,654 924 1,260,488 173
Year 6 7,981,156 1,085 1,155,502 161
Year 7 9,033,343 1,233 1,052,188 149
Year 8 9,980,608 1,370 947,265 136
Year 9 10,839,968 1,494 859,360 125
Year 10 11,620,104 1,609 780,136 115
Year 11 12,400,241 1,724 780,136 115
Year 12 13,180,377 1,838 780,136 115
Year 13 13,960,514 1,953 780,136 115
Year 14 14,740,650 2,067 780,136 115
Year 15 15,520,787 2,182 780,136 115
Year 16 16,300,923 2,297 780,136 115
Year 17 17,081,060 2,411 780,136 115
Year 18 17,861,196 2,526 780,136 115
Year 19 18,641,333 2,641 780,136 115
Year 20 19,421,469 2,755 780,136 115
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Table6-7. DSM-1 Program Summary Budget, Costs and Efficiency Evaluation.

Program Costs

Participant

— , _ : Total Costs | Avoid Costs | Utility Costs
Administration Marketing I ncentives Costs

Year 1 $280,000 $125,000 $143,860 $378,030 $926,890 $4,418,084 $548,860
Year 2 $314,628 $125,000 $141,928 $388,925 $970,481 $4,472,362 $581,555
Year 3 $310,005 $110,000 $138,180 $383,442 $941,627 $4,347,424 $558,185
Year 4 $287,244 $97,250 $133,186 $368,356 $886,036 $4,119,736 $517,680
Year 5 $259,781 $86,412 $127,499 $348,804 $822,496 $3,844,797 $473,692
Year 6 $233,972 $77,201 $121,525 $327,941 $760,639 $3,558,420 $432,698
Year 7 $211,976 $69,371 $115,543 $307,475 $704,365 $3,276,909 $396,890
Totals $1,897,606 $690,234 $921,721 $2,502,973 $6,012,534 | $28,037,732 $3,509,560
20-year $4,169,681 $1,592,057 | $2,220,199 $5,890,911 | $13,872,848 | $61,657,730 $7,981,937
Program
Total
NPV Total $3,577,015 $1,361,369 | $1,888,437 $5,020,435 | $11,847,255| $52,898,884 $6,826,820
NPV $41,051,629
Benefit
TRC 4.47
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Table6-8. DSM-2 Measure Level Database.
Expected
Market Number of
Measure Type of Installed | Target |Penetration | Measures Distribution
Number Program Measure Unit Market % Installed Year 1 Year 2 Year 3 Year 4 Year 5
113 Premium T8/EB Lamps 24666 80 19733 1144 1212 1272 1317, 1347
115 Occupancy Sensors Sensors 5717 10 572 34 36 37 38 39
118 Lighting Control Tuneup SqFt 1818051 6 109083 5562 8814 9452 8629 7186
166 CFL Screw-in Lamps 52005 85 44204 3243 3280 3208 3064 2877
176 Halogen PAR Flood Lamps 1266 100 1266 73 77 81 84 86
212 Outdoor Lighting Controls (Photocell/Timeclock) [Units 224 90 202 17 18 17 15| 12
221 Pulse Start Metal Halide Lamps 438 87 381 24 24 25 25| 26
301 VSD Chiller Tons 770 75 577 22 29 34 38 41
302 Window Film SqFt 95594 75 71695 4729 4848 4883 4852 4770
303 EMS Chiller Tons Controlled 6233 88 5485 384 394 391 378 360
304 Cool Roof SqFt 1438068 50 719034 50330 51754 50920 48661 54569
305 Cooling Tune Up/Diagnostics Tons 3976 25 994 40 66 75 74 68
306 Cooling Circ. Pumps - VSD Tons 2809 75 2107, 136 140 142 142 141
307 EMS Optimization SqFt 2432868 28 681203 67929 96333 86248 60851 34739
310 Cooling Tower Fan - VSD Tons 6367, 75 4775 373 380 365 338 304
321 DX Tune Up/Advanced Diagnostics Tons 3318] 75 2489 151 232 238 205 159
322 DX Packaged System Tons 672 100 672 38 40 42 44 46
325 Programmable Thermostat Tons Controlled 3734 75 2801 182 192 195 193 188
327 Optimize Controls - DX SqFt 540630 28 151376 18680 25709 21796 13998 6563
341 HE Window AC Tons 2137, 100 2137, 77 105 126 142 153
403 Air Handler Optimization SqFt 1254369 28 351223 12838 21660 25386 25839 24390
404 Fan/Pump O&M HP 5693 50 2847 109 183 211 212 197
501 Premium Efficiency Fan/Pump Motor HP 1508 90 1357 63 73 83 90 95
502 Variable Speed Drive Fan/Pump HP 7246 15 1087 72 74 75 74 73
601 High efficiency refrig fan motors Store 3 100 3 0.2 0.2 0.2 0.2 0.1
602 Strip curtains for walk-ins Store 3 100 3 0.3 0.3 0.2 0.2 0.2
605 Efficient compressor motor Store 2 100 2 0.1 0.1 0.1 0.1 0.1
607 Floating head pressure controls Store 4 100 4 0.4 0.4 0.4 0.3 0.2
609 Demand Hot Gas Defrost Store 2 100 2 0.2 0.2 0.2 0.2 0.1
610 Demand Defrost Electric Store 4 100 4 0.4 0.5 0.5 0.3 0.2
611 Anti-sweat (humidistat) controls Store 10| 100 10 0.8 0.8 0.7 0.7 0.6
922 Power Management Enabling Units 359 100 359 12 21 26 27 26
951 Vending Miser Units 275 70 193 17 17 16 14 12
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Table6-8. DSM-2 Measure L evel Database. (Cont.)
Unit Demand Expected Life
Measure Unit Energy Total Energy | Peak Demand Savings Total Demand (Hours or Measure
Number Program Measure Savings kWh | Savings kWh Unit KW/GWh Savings kW Years) Installed Cost $
113 Premium T8/EB 49.8 982233 Fixture 70.8 69.5 70000 55.00
115 Occupancy Sensors 527.0 301295 Fixture 49.5 14.9 40000 30.42
118 Lighting Control Tuneup 0.1 14253 SqFt 575.7 8.2 6 0.02
166 CFL Screw-in 190.2 8408551 Fixture 35.9 302.2 20000 20.45
176 Halogen PAR Flood 183.9 232798 Fixture 241.5 56.2 2000 13.20
212 Outdoor Lighting Controls (Photocell/Timeclock) 1175.2 237068 Fixture 64.1 15.2 20000 118.80
221 Pulse Start Metal Halide 486.2 185111 Fixture 251.2 46.5 20000 200.00
301 VSD Chiller 410.4 236988 Tons 45.9 10.9 20 60.00
302 \Window Film 7.8 560139 SqFt 238.6) 133.6 10 3.38
303 EMS Chiller 251.6 1380072 Tons 45.6 62.9 10 66.00
304 Cool Roof 0.8 605367| SqFt-Roof 211.6) 128.1 10 0.23
305 Cooling Tune Up/Diagnostics 176.9 175874 Tons 222.1 39.1 3 39.24
306 Cooling Circ. Pumps - VSD 140.9 296832 Tons 226.1] 67.1 15 71.54]
307 EMS Optimization 0.2 148898 SqFt 232.1] 34.6 5 0.01
310 Cooling Tower Fan - VSD 192.0 917119 Tons 227.4 208.5 15 45.00
321 DX Tune Up/Advanced Diagnostics 317.8 790848 Tons 238.5 188.6 3 18.33
322 DX Packaged System 159.3 107009 Tons 237.1] 25.4 10 796.40
325 Programmable Thermostat 171.6 480516 Tons 117.7, 56.6 10 22.55
327 Optimize Controls - DX 0.3 51842 SqFt 265.1] 13.7 5 0.01
341 HE Window AC 307.4 656750 Tons 240.3 157.8 7 16.50
403 Air Handler Optimization 0.2 74922 SqFt 403.0 30.2 5 0.05
404 Fan/Pump O&M 114.4] 325524 HP 437.1 142.3 3 30.00
501 Premium Efficiency Fan/Pump Motor 40.3 54704 HP 459.7 25.1 15 10.00
502 \Variable Speed Drive Fan/Pump 662.9 720420 HP 403.0 290.3 15 254.10
601 High efficiency refrig fan motors 76837.8 210172 Store 464.7 97.7 16 51072.12
602 Strip curtains for walk-ins 26272.5 82680 Store 451.7, 37.3 4 2194.50
605 Efficient compressor motor 45368.0 79393 Store 464.0 36.8 10 3861.00
607 Floating head pressure controls 46877.6 188743 Store 462.5 87.3 14 5494.50
609 Demand Hot Gas Defrost 16801.1 35057 HP 483.6 17.0 10 27.50
610 Demand Defrost Electric 56948.4 227576 HP 116.5 26.5 10 27.50
611 Anti-sweat (humidistat) controls 33118.9 324610 Store 464.0 150.6 12 7095.44
922 Power Management Enabling 195.8 70209 Units 378.0 26.5 4 15.40
951 Vending Miser 1337.4 257860 Units 424.2 109.4] 10 181.50
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Table6-8. DSM-2 Measure L evel Database. (Cont.)
Measure PV of Measure Cost for TRC| PV of Avoided Cost for TRC
Number Program Measure $ $ TRC Ratio Total Resource Net Benefit $
113 Premium T8/EB 91072 471753 5.18 380681
115 Occupancy Sensors 22656 83374 3.68 60718
118 Lighting Control Tuneup 204 1159 5.68 955
166 CFL Screw-in 280530 1910409 6.81 1629879
176 Halogen PAR Flood 709364 879611 1.24 170247
212 Outdoor Lighting Controls (Photocell/Timeclock) 1375 9323 6.78 7948
221 Pulse Start Metal Halide 635292 933879 1.47 298587
301 VSD Chiller 43200 598320 13.85 555120
302 \Window Film 332210 671064 2.02 338854
303 EMS Chiller 89440 372965 4.17 283525
304 Cool Roof 15147 43926 2.90 28779
305 Cooling Tune Up/Diagnostics 27178 42398 1.56 15220
306 Cooling Circ. Pumps - VSD 49086 151185 3.08 102099
307 EMS Optimization 3438 31630 9.20 28192
310 Cooling Tower Fan - VSD 31056 216460 6.97 185404
321 DX Tune Up/Advanced Diagnostics 28392 178586 6.29 150194
322 DX Packaged System 74613 229808 3.08 155195
325 Programmable Thermostat 10542 85496 8.11 74954
327 Optimize Controls - DX 912 12722 13.95 11810
341 HE Window AC 40590 630769 15.54 590179
403 Air Handler Optimization 25212 52189 2.07 26977
404 Fan/Pump O&M 55625 111528 2.01 55903
501 Premium Efficiency Fan/Pump Motor 2916 18604 6.38 15688
502 Variable Speed Drive Fan/Pump 15660 46980 3.00 31320
601 High efficiency refrig fan motors 67712 178083 2.63 110371
602 Strip curtains for walk-ins 3364 19679 5.85 16315
605 Efficient compressor motor 6688 101858 15.23 95170
607 Floating head pressure controls 4392 61839 14.08 57447
609 Demand Hot Gas Defrost 900 12924 14.36 12024
610 Demand Defrost Electric 2490 124550 50.02 122060
611 Anti-sweat (humidistat) controls 11518 74637 6.48 63119
922 Power Management Enabling 23471 111409 4.75 87938
951 Vending Miser 17138 137961 8.05 120823
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Table6-9. DSM-2 Program Summary I mpacts.

Net Energy Savings Net Peak Demand Savings | New Net Energy Savings New Net Pe_ak Demand
KWh KW KWh Savings
Year 1 3,123,017 489 3,123,017 489
Year 2 6,220,489 962 3,097,472 473
Year 3 9,066,760 1,391 2,846,271 429
Year 4 11,568,410 1,765 2,501,650 374
Year 5 13,714,145 2,083 2,145,735 318
Year 6 15,532,677 2,349 1,818,532 266
Year 7 17,067,735 2,571 1,535,057 222
Year 8 18,350,997 2,755 1,283,263 184
Year 9 19,436,611 2,908 1,085,613 153
Year 10 20,372,676 3,038 936,066 130
Year 11 21,308,742 3,168 936,066 130
Year 12 22,244,808 3,297 936,066 130
Year 13 23,180,874 3,427 936,066 130
Year 14 24,116,939 3,557 936,066 130
Year 15 25,053,005 3,686 936,066 130
Year 16 25,989,071 3,816 936,066 130
Year 17 26,925,136 3,946 936,066 130
Year 18 27,861,202 4,075 936,066 130
Year 19 28,797,268 4,205 936,066 130
Year 20 29,733,334 4,335 936,066 130
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Table6-10. DSM-2 Program Summary Budget, Costs and Efficiency Evaluation.

Program Costs

Participant

Avoided

Administration M arketing | ncentives Costs Total Costs Costs Utility Costs
Year 1 $469,000 $180,000 $445,518 $580,287 $1,674,805 $8,301,849 $1,094,518
Year 2 $493,708 $180,000 $431,907 $587,388 $1,693,003 $8,145,911 $1,105,615
Year3 $467,929 $150,000 $405,451 $558,548 |  $1,581,928 | $7,531,805|  $1,023,380
Year 4 $423,915 $126,000 $373,052 $513,126 $1,436,093 $6,719,276 $922,966
Year 5 $379,405 $106,800 $339,499 $463,771 $1,289,475 $5,874,260 $825,704
Year 6 $340,839 $91,440 $307,603 $416,949 $1,156,831 $5,086,159 $739,883
Year 7 $309,331 $79,152 $278,754 $375,314 $1,042,551 $4,388,354 $667,237
Totals $2,884,127 $913,392 | $2,581,784 $3,495,383 $9,874,686 | $46,047,615 $6,379,303
20-year $6,205,359 $1,720,198 |  $5,400,958 $7,311,171 | $20,637,686 | $84,728,239 | $13,326,515
Program
Total
NPV Total $5,337,348 $1,503,021 | $4,660,085 $6,306,543 | $17,806,997 | $74,164,925 | $11,500,454
hoild $56,357,928
Benefit
TRC 4.16
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Table6-11. Avoided Energy Costs and Electricity Rates.

Avoided Energy Costs by Time Period Avoided Demand Costs Electricity Rates

Peak W-Day W-Night S-Day S-Night Peak Residential | Commercial
Year $/kWh $/kWh $/kWh $/kWh $/kWh $/kW $/kWh $/kWh
2005 0.095 0.095 0.095 0.095 0.095 0 0.260 0.234
2006 0.101 0.101 0.101 0.101 0.101 0 0.272 0.245
2007 0.108 0.108 0.108 0.108 0.108 0 0.283 0.256
2008 0.116 0.116 0.116 0.116 0.116 0 0.297 0.268
2009 0.124 0.124 0.124 0.124 0.124 0 0.311 0.281
2010 0.125 0.125 0.125 0.125 0.125 0 0.327 0.297
2011 0.146 0.146 0.146 0.146 0.146 0 0.343 0.312
2012 0.148 0.148 0.148 0.148 0.148 0 0.352 0.320
2013 0.155 0.155 0.155 0.155 0.155 0 0.365 0.332
2014 0.163 0.163 0.163 0.163 0.163 236.87 0.379 0.345
2015 0.172 0.172 0.172 0.172 0.172 239.32 0.395 0.360
2016 0.177 0.177 0.177 0.177 0.177 236.59 0.406 0.370
2017 0.173 0.173 0.173 0.173 0.173 283.75 0.408 0.372
2018 0.183 0.183 0.183 0.183 0.183 284.82 0.426 0.388
2019 0.187 0.187 0.187 0.187 0.187 284.15 0.437 0.398
2020 0.185 0.185 0.185 0.185 0.185 270.55 0.443 0.403
2021 0.181 0.181 0.181 0.181 0.181 300.98 0.447 0.405
2022 0.188 0.188 0.188 0.188 0.188 295.62 0.461 0.418
2023 0.177 0.177 0.177 0.177 0.177 290.02 0.459 0.415
2024 0.183 0.183 0.183 0.183 0.183 317.44 0.473 0.427
2025 0.185 0.185 0.185 0.185 0.185 298.45 0.484 0.437
Source: Energy Efficiency Potential Study, Final Report KEMA Inc. Oakland, California, April 26, 2005,
Appendix C, page C-2

6-35




Kaua'i Island Utility Cooperative 7.0 Resource Evaluation Methodology and
Integrated Resource Plan Screening

7.0 Resource Evaluation Methodology and Screening

This section discusses the resource evauation methodology to score and rank the
supply-side resource options previously identified in Section 5. The short-list of options
to be carried forward to the detailed economic and scoring analysis is aso developed.
The detailed analysis beginning in Section 8 will then develop long-term expansion plans
around each of the short-listed resource options. Each expansion plan will meet the
adopted IRP reliability and adequacy objectives, and the long-term cost of the individual
plans will be calculated and the plans will be scored.

7.1 Introduction
The evaluation methodology used for short-list resource option selection was

developed to allow for the consideration of resource option costs, plus additional
attributes not directly measured in the economic analysis, but which KIUC has deemed
appropriate for consideration in resource selection. The following scoring categories
have been adopted from KIUC's Strategic Plan and are consistent with the Framework
requirements, the diversity and efficiency standards of PURPA, and the KIUC IRP
objectives.

Cost of Energy

Reliability

Sustainability

The sections below discuss the scoring methodology, the scoring category
components and criteria, and the results of the evaluation process in each category.
Finally, a recommended list of resource options to be carried forward for evaluation in
the remainder of the IRP is devel oped, based on the scoring methodol ogy.

7.2 Scoring Methodology

The adopted scoring process must be easily applied, yet meaningful. It also must
be objective, consistent, and transparent to others. To meet these goals, a set of weighted
criteria has been developed to evaluate and compare resource options. The criteria have
been derived from the IRP objectives presented previously.

The evaluation methodol ogy was adopted from the successful approach employed
in the renewable energy study completed by Black & Veatch in 2005. Where practical,
the criteria were kept the same to maintain consistency of approach. Some of the criteria,
such as Cost of Energy are largely the same. However, others, such as Reliability are
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entirely new and have been added to allow KIUC's IRP to be aligned with its Strategic
Plan and near-term system needs.

The evaluation methodology is structured to assign scores in three broad
categories to every option evaluated. Each category is given a different weighting factor
so that a maximum screening score of 100 total points is possible for an option when
adding the scores for all three categories. Criteria are specific and measurable to ensure
consistent evaluation and quantitative comparison of the fina resource options scores.
The three categories are summarized below:

Cost of Energy — This category assesses the economic competitiveness of the
option. The evaluation is performed based on three factors: (1) the levelized
bus-bar cost of generation, which measures:. the total life-cycle cost of a
technology considering total capital cost, operating and maintenance cost,
capacity factor, and fuel cost (if applicable), (2) exposure to fuel price or
resource variability, and (3) diversity of supply resources.

Reliability — This category assesses the effect of an option on overall system
reliability and includes: (1) the ability to recover from disasters such as
hurricanes, (2) the provision of firm capacity and the ability to actually install
an option if selected as the preferred option, (3) effects on system stability,
and (4) outage prevention and recovery.

Sustainability — This category assesses the overall sustainability of the
technology. In asustainable society the flows are in balance and nature can
reconstitute order at the samerateit is consumed. Four conditions are met:
(1) Society takes no more from the Earth®crust than can be returned to the
crust by natural process (Infinite Resource), (2) Society does not produce
persistent synthetic compounds that build up in nature (Hazardous
Byproducts), (3) Society draws on renewabl e resources no faster than they can
be regenerated, and does not reduce the productive capacity of nature by
detrimental manipulation of green surfaces (Harmonious Coexistence), (4)
Human society is efficient, population is stabilized, and basic human needs
are met (Socioeconomics).

Each of the three scoring categories was assigned a weighting value based on
each category’s importance relative to the other categories in meeting KIUC's overall
objectives. As indicated in Table 7-1, the scoring system places a maximum of 33.3
points (out of 100) on the Cost of Energy category, 33.3 points on the Reliability
category, and 33.3 points on the Sustainability category.
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Table 7-1. Screening Categories Scenario.
Scoring Category Per cent of Total Score
Cost of Energy 333
Reliability 33.3
Sustainability 33.3

7.3 Scoring Category Components and Criteria

The approach of the resource evaluation scoring was to assign a score between 0
and 100 for each category based on the characteristics of an option and on the criteria
shown in Table 7-1. The score was assigned based on the scoring guidelines shown in
Table 7-2, with the adopted weighting for each criterion applied. As indicated in Table
7-2, the assigned weights for the criteria in each scoring category add up to 100 points,
and the total score for each scoring category is weighted based on Table 7-1, so that the
maximum total score any option can receive in the evaluation is 100 points. The scoring
categories and their respective criteria are discussed further below.
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Table7-2. Screening Methodology Scoring Guidelines.

- Criteria . . C
Category Criteria Weight Scoring Basis Guidelines
Cost of Energy Levelized 50 0 = highest bus-bar cost
(weight = 33.3%) Bus-bar Cost 100 = lowest bus-bar cost
of Energy Projects with bus-bar costs between the high and low are given a score based on alinear relationship
between the high and low.
Bus-bars are based on 80% capacity factor except renewable energy projects are scored based on their
expected capacity factor
Rate Stability 35 0 if highly variable resource or high exposure to fuel price variability
50 if some exposure to resource or fuel price variability
100 if low or no exposure to resource or fuel price variability
Diversifi- 15 0 if option does not add to supply diversity
cation of 50 if limited diversification of supply
Supply 100 if option adds significant diversity (greater than 20% of annual energy production)
Reliability Disaster 10 0 if more susceptible to hurricanes and other disasters than current generation
(weight = 33.3%) Recovery 50 if no change from current generation
100 if helps mitigate impacts of disasters (e.g., customer-sited generation)
Availability 30 0 if not firm capacity or if significant issues would affect installation
of Supply 50 if firm capacity greater than 15 MW or if there exist some issues that could prevent installation
75 if firm capacity between 10-15 MW, or if there are no known issues related to installation
100 if firm capacity lessthan 10 MW (smaller, modular unitsincrease overall system reliability) and if
there are no known issues related to installation
Resource options larger than existing largest unit reduced 5 points for every megawatt over capacity of
largest unit, starting at base score of 50
Grid Stability 30 0 if negative impact to system stability
50 if maintains system stability
100 if resource has the ability to significantly improve system stability
Outage 30 0 if cannot provide spinning reserve or fast start & ramp
Recovery 50if maintains current level of outage recovery

100 if significant improvements to outage recovery
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Table7-2. Screening Methodology Scoring Guidelines.

—_— Criteria . : -
Category Criteria Weight Scoring Basis Guidelines
Sustainability Infinite 25 0if technology utilizes afinite resource
(weight = 33.3%) Resource 100if technology utilizes ainfinite resource
Hazardous 25 0 if system air emission efficiency decreases significantly
Byproducts 50 if system air emission efficiency does not change
100 if system air emission efficiency improves significantly
Harmonious 25 0 if technology causes destruction of natural resources
Coexistence 100 if technology does not cause destruction of natural resources
Socio- 25 0 if very little or negative socioeconomic effects
economics 50 if some socioeconomic benefits
100 if substantial socioeconomic benefits
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7.4 Cost of Energy
To assist KIUC in determining relative cost of energy, each resource option was
assessed an overall Cost of Energy score. This score was based on a combination of the
following factors:
Levelized bus-bar cost of energy
Rate Stability
Diversification of Supply
These three components were scored individually and a composite cost of energy
assessment score was assigned to each resource option based on the relative weightings
shownin Table 7-2.

7.4.1 Levelized Bus-bar Cost of Energy

The Levelized Bus-bar Cost of Energy (bus-bar cost) makes up the largest single
component of the scoring process. It represents 50 percent of the Cost of Energy criteria,
which comprises 33.3 percent of the base technology option score. For the screening
analysis, the bus-bar cost constitutes the direct measure of the economics of an option.

A levelized bus-bar cost model was constructed to evaluate the cost of each
generating option. A levelized bus-bar analysis converts both fixed and variable costs to
asingle, al-inclusive cost per kilowatt-hour, assuming a given capacity factor. When a
bus-bar cost is calculated for an option at a number of capacity factors, a plot of bus-bar
costs can be made against those of other resource options. If a generation resource is
non-competitive across expected operating capacity factors, then it can be dropped from
further consideration unless a non-economic factor would require that it be carried
forward to the detailed analysis.

Table 7-3 illustrates the calculation of a bus-bar cost at an 80 percent capacity
factor for a 20 MW biomass plant based on the capital and operating characteristics
developed in Section 5 and the fixed charge rate assumptions developed in Section 4.
The columns of the table present the year-by-year costs in four categories (capital, fixed
O&M, variable O& M, fuel) based on the input assumptions shown at the top of the table.

The annual capital cost is determined by applying the levelized fixed charge
rate to the initial capital cost

The fixed O&M is equal to theinitial cost plus escalation

Variable O&M is based on the escalated cost and unit production

Fuel cost is based on the escalated fuel cost, output and the net plant heat rate

7-6



Kaua'i Island Utility Cooperative 7.0 Resource Evaluation
Integrated Resource Plan Methodology and Screening

Y early bus-bar costs are equal to the total cost divided by output; the levelized
cost isthe sum of the present worth of the annual bus-bar costs divided by the
sum of the present worth factors.

At a capacity factor of 80 percent, the table indicates that the bus-bar cost of the
unit is $229.06/MWh over a 25 year period. Thisis alevelization of a 25-year nomina
cost and has the following interpretation: if the bus-bar costs of the facility were
$229.06/MWh every year of the 2008-2032 period, the present value of these costs would
be the same as the present value of the variable, year-by-year costs listed in the “Bus-bar
Cost” column of Table 7-3.

Table7-3. BiomassLevelized Cost of Energy Calculation.

Plant Input Data Economic Input Data Rate Escalation

Capital Cost ($1,000) 136,028 First Year Fixed O&M ($1,000) 4,185.00 3.0%

Total Net Capacity (MW) 20.00 First Year Variable O&M ($1,000) 1,642.39 3.0%

Capacity Factor 80% Fuel Rate ($/MWh) 5.00 3.0%

Full Load Heat Rate, Btu/kWh (HHV) 15,400.00

Debt Term 25

Project Life 25

Present Worth Discount Rate 5.0%
Hours per Year 8,760 Levelized Fixed Charge Rate 7.06%
Annual
Capital Variable PW Total
Cost Fixed O&M O&M Fuel Rate Fuel Cost Total Cost Cost Busbar Cost PW Cost
Year ($1,000) ($1,000) ($1,000) ($/MBtu) ($1,000) ($1,000) ($1,000) ($/MWh) ($/MWh)

2008 9,600 4,185 1,642 5.00 10,792 26,220 24,971 187.07 178.16
2009 9,600 4,311 1,692 5.15 11,116 26,718 24,234 190.63 172.90
2010 9,600 4,440 1,742 5.30 11,450 27,232 23,524 194.29 167.83
2011 9,600 4,573 1,795 5.46 11,793 27,761 22,839 198.06 162.95
2012 9,600 4,710 1,849 5.63 12,147 28,305 22,178 201.95 158.23
2013 9,600 4,852 1,904 5.80 12,511 28,867 21,541 205.95 153.69
2014 9,600 4,997 1,961 5.97 12,887 29,445 20,926 210.08 149.30
2015 9,600 5,147 2,020 6.15 13,273 30,040 20,332 214.33 145.06
2016 9,600 5,301 2,081 6.33 13,671 30,653 19,759 218.70 140.98
2017 9,600 5,460 2,143 6.52 14,082 31,285 19,206 223.21 137.03
2018 9,600 5,624 2,207 6.72 14,504 31,935 18,672 227.85 133.22
2019 9,600 5,793 2,273 6.92 14,939 32,605 18,156 232.63 129.54
2020 9,600 5,967 2,342 7.13 15,387 33,296 17,657 237.55 125.98
2021 9,600 6,146 2,412 7.34 15,849 34,006 17,176 242.63 122.54
2022 9,600 6,330 2,484 7.56 16,324 34,739 16,710 247.85 119.22
2023 9,600 6,520 2,559 7.79 16,814 35,493 16,260 253.23 116.01
2024 9,600 6,716 2,636 8.02 17,319 36,270 15,824 258.77 112.90
2025 9,600 6,917 2,715 8.26 17,838 37,070 15,403 264.48 109.90
2026 9,600 7,125 2,796 8.51 18,373 37,894 14,996 270.36 106.99
2027 9,600 7,338 2,880 8.77 18,924 38,743 14,602 276.42 104.18
2028 9,600 7,559 2,966 9.03 19,492 39,617 14,220 282.65 101.46
2029 9,600 7,785 3,055 9.30 20,077 40,517 13,851 289.08 98.82
2030 9,600 8,019 3,147 9.58 20,679 41,445 13,493 295.70 96.27
2031 9,600 8,259 3,241 9.87 21,300 42,400 13,147 302.51 93.80
2032 9,600 8,507 3,339 10.16 21,939 43,384 12,811 309.53 91.41

Levelized Bus-bar Cost, $MWh 229.06

Net Levelized Cost ($1,000) 32,105.10

Calculating the levelized cost of energy alows various technologies to be
compared on an economic basis. However, it isimportant to note that bus-bar costs may
not always be comparable between al options. For example, it is not appropriate to
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directly compare the levelized cost of an intermittent wind plant with dispatchable output
from a peaking plant. This is because the economic vaue of the firm power from a
peaking plant is higher than the intermittent output from the wind plant. For the purposes
of this screening process, the value of generation is addressed through other screening
criteria (for example, Adequacy of Supply). Production cost modeling (Section 8)
provides a more accurate representation of the value of the resource options that pass this
screening stage, and these results are included in the plan evaluationsin Section 9.

For each of the KIUC alternatives, the installed capital cost, performance, and
operation and maintenance cost estimates were considered in the levelized screening
evauation. The bus-bar anaysis was generaly performed over a 25-year period. Fuel
costs were modeled based on the fuel forecasts discussed in Section 4. The conventional
simple and combined cycle options are able to burn either fossil fuel (diesel for all
options and diesel/naphtha for the Solar Titan options) or renewable biodiesel. The
lowest cost fuel was used for these options in the bus-bar cost calculation.

Table 7-4 summarizes the technology cost and performance assumptions
developed in Section 5 for each resource option. The table also shows levelized cost
calculated for each resource option and the final Cost of Energy score. A capacity factor
of 80 percent was assumed for most of the baseload options considered. However, more
detailed analysis and prediction of capacity factors were done in the previous Renewable
Energy Technology Assessment study for severa of the technologies, including wind,
hydroelectric, landfill gas, and waste-to-energy technologies. For these options, the
capacity factor determined in that report was used in this analysis. Capacity factor for the
wind project is estimated to be 35 percent. There was more variation among various
hydroelectric projects, with capacity factors ranging from about 15 percent to nearly 70
percent. The capacity factor for a waste-to-energy plant was assumed to be 70 percent.
Figure 7-1 shows how the levelized cost varies with capacity factor for severa
representative resource options.

The final column in Table 7-4 lists the Cost of Energy score. As stated in Table
7-2, ascore of zero was assigned to the technology having the highest levelized cost. A
score of 100 was assigned to the technology with the lowest levelized bus-bar cost.
Technologies with bus-bar costs between the minimum and maximum were assigned
proportionate scores between 0 and 100.
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Table 7-4. Supply-side Options Levelized Cost of Energy Summary.

Net Plant | Net Plant Capacit Cavital Fixed Variable First Year Lce:\(/)esth(z)?d Cost of
Technology Option Capacity, | Heat Rate, Iggctory Co stap$/kW Oo&M, Oo&M, Fuel Cost, Ener Energy
MW BtwkWh ’ SIKW-yr $MWh $/MBtu . /kv% Score
. Caterpillar 3600DG | 220 8,905 80.0% 2782 8.6 132 19.30 258 40.9
mp'e Caterpillar 16CM32 75 8,800 80.0% 2730 10 15.0 19.30 25.7 41.0
Cycle DE P
Wartsila 1846 17.20 8,344 80.0% 2,056 33.6 155 19.30 245 455
Combined 2x1 Titan 130 355 8,420 80.0% 2,760 44.2 7.10 17.48 229 51.1
CycleCT 1x1 Titan 130 17.37 8,611 80.0% 3,894 72.14 7.37 17.48 25.1 434
(é‘;/rgte" Belg 1x1 Wartsila18v46 | 18.60 7.726 80.0% 2556 385 14.4 19.30 236 48.8
Biomass | Direct Fired Biomass | 20.00 15,400 80.0% 6,885 209 117 5.0 229 51.2
Landfill Gas Kekaha 1.60 11,500 80.0% 4574 335 0 0.60 12.0 905
V"Eansére;; Mass Burn 7.30 18,700 70.0% 16,965 398 223 (5.10) 182 68.2
Wainiha 4.00 N/A 64.2% 5,880 83.5 0 N/A 9.4 100
Upper Waiahi 0.30 N/A 68.5% 9,147 127 0 N/A 136 84.7
Hydro- Wailua 6.60 N/A 28.4% 2,680 38.7 0 N/A 9.7 988
electric Waimea Mauka 2.90 N/A 15.4% 1,531 33.9 0 N/A 11.4 92.7
Puu Lua-Kitano 2.97 N/A 60.7% 7,760 111 0 N/A 13.1 86.5
Kitano-Waimea 4.08 N/A 47.9% 5,169 76.2 0 N/A 112 936
Wind Wind Project 105 N/A 35.0% 5,533 40.0 178 N/A 16.9 72.8
Solar Thermal w/ o incl.in
ol Nenhtha Hybrid 30 10,547 25.5% 7,903 200 0 o aM 37.1 0.0
Thermal
Sol arsg‘gg”;a' w 30 N/A 34.7% 9,453 200 0 N/A 30.9 224
Solar PV Kauai PV 1 N/A 28.0% 10,831 50.0 0 N/A 33.9 11.4
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Figure7-1. Variation in Levelized Cost of Energy for Representative Resour ce
Options.

7.4.2 Effect on Rate Stability

Scoring for this criterion was based on exposure to fuel price and resource
variability. Fuel price variability is the most significant factor for the various liquid fuel
resource options. KIUC is currently exposed to high fuel price variability due to
fluctuating crude oil prices and the large percentage of current generation that uses
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petroleum-based fuels. Resource options that use diesel or naphtha score zero for this
criterion. Further, even though the simple cycle and combined cycle options could burn
biodiesel, prices for this fuel are also generally linked to world oil prices so it offers no
advantage for rate stability.

Variations in resource availability can also impact rate stability. Hydroelectric
and wind energy resources are exposed to natural variations that may cause impacts to
rate stability. For example, oil would need to be purchased at high price relative to the
water resource if a hydro plant produced less energy than expected. However, these
resource options are not exposed to variation in fuel prices, and thus receive higher scores
than oil-based options.

The highest scores were assigned to direct-fired biomass and waste-to-energy
options, as they have a known fuel source and little to no exposure to oil or coal price
variations.

Table 7-5. Rate Stability Scoring Results.

Proj ect Score | Comments

Simple Cycle CT and DE 0

Combined Cycle CT and DE 0

Direct Fired Biomass 100 Indigenous, predictable fuel supply

Landfill Gas— Kekaha 75 Indigenous, relatively predictable resource supply
Waste to Energy Mass Burn 100 Indigenous, predictable fuel supply

Hydroelectric 50 Somewhat variable output

Wind 50 Somewhat variable output

Solar Thermal Naphtha 50 Relies mostly on relatively predictable solar, but use of naphtha
Hybrid increases exposure

Solar Thermal 75 Indigenous, relatively predictable resource supply
Solar Photovoltaic 75 Indigenous, relatively predictable resource supply

7.4.3 Diversification of Fuel Supply

Currently the large majority of KIUC's power generation is based on burning
petroleum-based fuels, including No. 2 diesel and naphtha. Scoring for this criterion was
based on an assessment of whether a resource option would add to the diversity of
KIUC' s current fuel mix and to what magnitude diversity would be improved.

The highest scores were given to resource options that would add a new fuel
source and constitute a significant percentage (greater than 20 percent) of the total annual
generation. Mid-range scores were given to options that would contribute to
diversification of fuel sources but would contribute a moderate amount of overall energy
generation (solar thermal, waste to energy mass burn).
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The lowest scores were given to options that would not add any diversity to
KIUC's fuel supply mix or that can supply only a very small amount of generation (i.e.
Caterpillar 3600 or landfill gas).

It should be noted that the conventional fossil fuel-fired options do not generally
increase diversity, although they do have the ability to burn biodiesel. This increases
their scores relative to options that would add no diversity whatsoever.

Because no economic dispatch analysis is performed at this stage of the IRP, it is
difficult to quantify exactly how much each option might contribute to diversification.
However, thisis an important topic and it is examined again in the IRP. Further analysis
was carried in the production cost runs, and this is summarized in the plan scoring
chapter (Section 9).

Table 7-6. Fuel Diversity Scoring Results.

Proj ect Score | Comments

Caterpillar 3600 DG 5 Small plant that could burn biodiesel or fossil fuel

Caterpillar 16CM 32 10 Smaller plant that could burn biodiesel or fossil fuel

Wartsila 18V 46 25 Medium-size plant that could burn biodiesel or fossil fuel

2x1 Titan 130 50 Large plant that could burn biodiesel or fossil fuel

1x1 Titan 130 25 Medium-size plant that could burn biodiesel or fossil fuel

1x1 Wartsila 18V 46 25 Medium-size plant that could burn biodiesel or fossil fuel
Direct Fired Biomass 100 Large plant with no use of fossil fuel

Landfill Gas - Kekaha 10 Small plant with no use of fossil fuel

Waste to Energy Mass Burn 50 Medium-size plant with no use of fossil fuel

Hydroelectric 50 Moderate potential assuming development of multiple projects
Wind 50 Medium-size plant with no use of fossil fuel

ﬁ;'g: igherma' Naphtha 50 | Medium-size plant with minor use of fossil fuel

Solar Thermal 75 Medium/large-size plant with no use of fossil fuel

Solar Photovoltaic 50 Moderate potential assuming deployment of numerous systems
7.5 Reliability

Each supply option was assessed an overall reliability score. This score was based
on acombination of the following factors:
Susceptibility to and recovery from disasters
Availability of firm capacity and the lack of known impediments to near term
installation if selected
Ability to improve overal grid stability
Ability to improve outage recovery, or provide significant spinning reserve
These four components were scored individualy. A composite reliability
assessment score was assigned to each resource option based on the relative weightings
in Table 7-2. The components are discussed in more detail below.
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7.5.1 Susceptibility to and Recovery from Disasters
This score is based how likely a natural disaster, such as a hurricane, is to disrupt
generation from a particular resource option. The base score is given to options that are
essentially equivalent to current generation in their exposure to natural disasters. Most of
the simple and combined cycle resource options fal into this class. There are severa
other additional important considerations when evaluating this category:
Black Start Capability — An important part of disaster recovery is black start
capability, and it is assumed that most if not al future significant generation
resources will feature this capability.
Location — Resources that can be customer-sited (distributed generation)
receive higher scores in this category than projects that would likely be
located at existing power plant sitesin remote locations. Transmission lines
that link remote generation sites from load are susceptible to storm damage.
Customer-sited generation could potentially serve their loads even if the
power grid was affected by a disaster. Another location factor to consider is
that projects that can be sited away from existing generation will benefit from
geographic dispersion.
Exposure — Lower scores are given to technologies that are inherently more
susceptible to the effects of natural disasters. For example, wind projects can
be damaged in high winds caused by hurricanes.
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Table 7-7. Disaster Recovery Scoring Results.

Proj ect Score | Comments
Simple Cycle

Under 7 MW 100 Could be customer-sited. Black start capable.

Over 7 MW 50 Similar exposure as existing generation. Black start capable.
Combined Cycle 50 Similar exposure as existing generation. Black start capable.

Likely sited away from current major power facilities. Would

Direct Fired Biomass 5 help in storm clean-up efforts. Black start capable.

Landfill Gas- Kekaha 50 !_lk_ely sited away from current major power facilities, but small
insize. Black start capable.
Likely sited away from current major power facilities. Would

Waste to Energy Mass Burn 5 help in storm clean-up efforts. Black start capable.

. Likely sited away from current major power facilities, but small

Hydrodlectric 50 | insize. Black start capability is unlikely.

Wind 5 Likely sited away from current major power facilities, but
susceptible to storm damage. Not black start capable.

ﬁ;lgrr i;’hermal Naphtha 50 Similar exposure as existing generation. Black start capable.
Likely sited away from current major power facilities, but

Solar Thermal 25 susceptible to storm damage. Not black start capable.

Solar Photovoltaic 50 Although could be customer-sited, solar PV systems are

somewhat susceptible to storm damage

7.5.2 Availability of Energy Supply

Scoring in this category is based on the ability of any given resource option to
help KIUC meet its capacity needs. Capacity that is not firm, such as wind, hydroelectric,
and solar PV, scores low because intermittent resources cannot be relied upon to provide
dispatchable power when needed. (While these options are not relied upon as firm
capacity, they can still be a valuable part of an integrated portfolio. The expansion plans
presented later in the document include wind and hydro as generation resources that are
part of a larger portfolio of units. Within the context of the portfolio, they do not
contribute to supply adequacy for purposes of system reliability calculations, but they
also do not impair KIUC' s ability to meet load. The scoring approach is thus different for
individua units versus entire plans. More information is provided in the plan scoring
discussion in Section 9.)

Modular, smaller capacity resource options score higher in this criterion because
if a smaller unit must be taken out of service for maintenance or repair, the impact to
KIUC s ability to serve load isless than if alarger unit must be taken out of service.

Another factor considered in the reliability category is the absence of possible
impediments that could prevent approval of the option or the ability to actually contract
for the near-term installation of aunit. Thisis an important consideration for KIUC as it
has a near-term need for capacity on its system. Therefore, if an option is selected but
instalation is delayed due to the inability to purchase a unit when needed, or due to
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regulatory approval issues, the option should receive a lower score than a unit that is
readily available for purchase in the market and that has no known impediments to near-
term installation.

Table 7-8 indicates the scoring of technologies in the Availability of Supply
category. The highest scoring options are the ssmple and combined cycle CT and DE
options as these are firm, modular, and there are no known impediments to near-term
instalation from a regulatory or supply availability standpoint. (Note that for the
purposes of option scoring, biomass has been assumed to be a firm resource though, as
discussed further in Section 9, KIUC has been negotiating to purchase non-firm energy
from a biomass project. If this contract is executed, the reliability score for this non-firm
option would be lower than that shown below, and there may be insufficient additional
biomass supplies on theisland to provide for a second and firm biomass project.)

Table 7-8. Availability of Supply Scoring Results.

Proj ect Score | Comments

Caterpillar 3600 DG 100 Small, firm and no known impediments to near-term installation

Caterpillar 16CM 32 100 Small, firm and no known impediments to near-term installation

Wartsila 18V 46 75 Firm and no known impediments to near-term installation

2x1 Titan 130 75 Firm and no known impediments to near-term installation

1x1 Titan 130 75 Firm and no known impediments to near-term installation

1x1 Wartsila 18V 46 75 Firm and no known impediments to near-term installation

Direct Eired Biomass 50 Firm, but competition for resource an(_:i uncertainty about
development prospects for a second biomass plant

Landfill Gas - Kekaha 100 Small, firm and no known impediments to near-term installation

Waste to Energy Mass Burn 50 Firm, but permitting may be challenging

Hydroelectric 10 Non-firm

Wind 0 Non-firm, supply chain constraints limit equipment availability

Solar Thermal Naphtha 50 Firm, but supply chain constraints limit equipment availability,

Hybrid and small project scale

Solar Thermal 0 Mo_stly firm Wi_th storage, but supply phain constraints limit
equipment availability, and small project scale

Solar Photovoltaic 10 Non-firm, but somewhat correlated with load

7.5.3 Ability to Improve Overall Grid Stability
Stability refers to the ability of the generators in a power system to operate in
synchronism both under norma conditions and the following disturbances. Three
categories of instability are:
Steady-state instability
Transient instability
Dynamic instability
The technical aspects considered in this category have an impact on grid stability
at the unit level, and include machine inertia, governor response, and excitation response.
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Although grid stability can be mitigated through implementing various technologies
external to the machine, the scoring does not assume such technologies will be
implemented and is solely based on the machine’'s direct impact on grid stability. While
the location of a unit can impact grid stability, such criteria has been left out of the
scoring as specific sites are yet to be determined. Findly, the size of the unit may
compound the inertia scoring, either positively for a larger unit with relatively high
inertia, or negatively for alarger unit with relatively low inertia.

The base grid stability score is given to generation options that have medium
levels of rotating inertia, such as diesel generators, comparable to the current Stork
Wartsila Diesel units at Port Allen.

Higher scores are given to generation options that have higher levels of rotating
inertia, such as steam turbines or single-shaft gas turbines, comparable to the current Port
Allen steam plant and gas turbines. Higher scores are also given to options that have the
ability to mitigate the low inertia effects of other generating units.

Lower scores were given to generation options with less rotating inertia, such as
aerodynamically coupled gas turbines, comparable to the current CT-1 at Kapaia, and
wind turbines.

Table7-9. Impact on Grid Stability.

Proj ect Score | Comments

Simple Cycle

25 if aero gasturbine, 50 if diesel engine, 75 if steam or

Under 7 MW Varies single-shaft gas turbine

10 if aero gasturbine, 50 if diesel engine, 100 if steam or

10-20 MW Varies single-shaft gas turbine

10 if aero gasturbine, 50 if diesel engine, 100 if steam or

Combined Cycle Varies single-shaft gas turbine

Direct Fired Biomass 100 | Steamturbine, highinertia, and largein size
Landfill Gas - Kekaha 25 Diesel engine, medium inertia, but small in size
Waste to Energy Mass Burn 75 Steam turbine, high inertia

Hydroelectric 50 Good inertia, but limited by expected size
Wind 0 Highly variable output on short time scales
Solar Thermal Naphtha Hybrid 100 | Steamturbine, highinertia, and largein size
Solar Thermal 100 | Steamturbine, highinertia, and largein size
Solar Photovoltaic 0 Highly variable output on short time scales

7.5.4 Ability to Improve Outage Recovery

Outage recovery, specific to supply-side, takes into consideration the fact that
KIUC must be able to recover from a loss of generation quickly in order to provide
quality service to its members. This can be achieved by: (1) maintaining spinning reserve,
wherein back-up generation is aready on line and ready to cover any loss of alarge unit,
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(2) energy storage devices such as a battery, or (3) back-up generation that can be started
and ramped quickly to minimize the outage time.

Historically, KIUC has not carried significant spinning reserve, due to high fuel
cost and resulting economic impact of carrying such reserve margins. If a generation
option were able to balance a cheap fuel source, flat heat rate curve, and large size, KIUC
may be able to carry significant spinning reserve and provide a significant benefit toward
reducing supply-side induced outages. These technologies receive the highest scoring.

The next level of scoring was given to those generation options that can be started
and ramped up quickly in order to provide fast outage recovery. Examples would be the
current EMD Diesels at Port Allen, which can be black started and online within 3
minutes but are limited in size (2.5 MW), and the simple-cycle gas turbines (GT-1 and
GT-2) at Port Allen, which can be black started and online within 15 minutes but are
significantly larger (17.5 MW and 22.6 MW).

The lowest level of scoring was given to generation options that cannot be relied
upon to provide significant spinning reserve or outage recovery within 15 minutes. One
example would be combined cycle units, because they have poor heat rates at part |load
and take longer to start. However, the 2x1 Solar Titan option characterized in thisIRP is
comprised of two smaller combustion turbines and one steam turbine. This provides it
with good part load heat rate and the ability to start the combustion turbines quickly if
necessary.

Table 7-10. Impact on Outage Recovery Scoring Results.

Proj ect Score | Comments
Simple Cycle
Diesel 60
Combustion Turbine 60
Combined Cycle
Diesel 60
Combustion Turbine 60
Direct Eired Biomass 75 Cheap fu_el provides potential for spinning reserve, but long
start-up time
Landfill Gas - Kekaha 0 Likely to be base loaded and small in size
Waste to Energy Mass Burn 20 Small size likely to limit spinning reserve, long start-up time
Hydroelectric 0 Likely to be base loaded and small in size
Wind 0 Not firm
ESS: i(‘;‘hermal Naphtha 50 Partially firm, but expensive to fuel back-up
Solar Thermal 75 Partially firm with storage capability
Solar Photovoltaic 0 Not firm
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7.6 Sustainability
To assist KIUC in determining relative sustainability, each resource option was
assigned an overall sustainability assessment score. This score is based on a combination
of the following factors:
Infinite resource
Hazardous byproducts
Harmonious coexistence
Socioeconomics
These three components were scored individually and a composite sustainability
score was calculated for each resource option based on the relative weightings of each
factor as described in Table 7-2.

7.6.1 Infinite Resource

The Infinite Resource sub-category assesses whether an energy source can persist
indefinitely or has a limited supply. An infinite resource is by definition sustainable.
The diesel engine and combustion turbine options can run either on fossil fuels or
renewable biodiesel fuel and thus scored 50 points. Renewable resources such as wind
and biomass are considered infinite and score 100 points.

Table 7-11. Infinite Resour ce Scoring Results.

Proj ect Score | Comments

Simple Cycle CT and DE 50 Biodiesel can be infinite

Combined Cycle CT and DE 50 Biodiesel can be infinite

Direct Fired Biomass 100 Assumes sustainable agricultural practices

Landfill Gas - Kekaha 50 Landfill gaswill eventually ceaseif landfill is closed

Waste to Energy Mass Burn 75 Waste _supply depends on human factors and is not infinite in
and of itself

Hydroelectric 100

Wind 100

Solar Thermal Naphtha Hybrid 90 Utilizes a small amount of fossil fuel

Solar Thermal 100

Solar Photovoltaic 100

7.6.2 Hazardous Byproduct

This sub-category accounts for the emissions of the generating units. Although
there are many potentially hazardous byproducts associated with electric generation (fuel
spills, slag, emissions, etc), this scoring criterion focuses on airborne emissions,
particularly criteria pollutants. Units that maintain the same system emission efficiency
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score 50 points. Units that increase overall average emissions receive a score less than
50, while units that improve system emissions score greater than 50 points.

Table 7-12. Hazardous Byproduct Scoring Results.

Proj ect Score | Comments

Simple Cycle CT and DE 40

Combined Cycle CT and DE 60 More efficient than simple cycle

Direct Fired Biomass 70 Reduces CO2, but increases NOx
Landfill Gas - Kekaha 100 Substantially reduces methane emissions
Waste to Energy Mass Burn 70 Reduces CO2, but increases NOx
Hydroelectric 100 Virtually air emission free

Wind 100 Virtually air emission free

Solar Thermal Naphtha Hybrid 90 More efficient than conventional combined cycle
Solar Thermal 100 Virtually air emission free

Solar Photovoltaic 100 Virtually air emission free

7.6.3 Harmonious Coexistence

The harmonious coexistence subcategory stems from concepts expressed in the
book Dancing with the Tiger: Learning Sustainability Step by Natural Sep, written by
Brian Nattrass and Mary Altomare in 2002. It is essentially a measure of the overal
environmental impacts that a given project is expected to have. Higher scores were
assigned to technologies that could add capacity without negative environmental impacts.
For example, the Upper Waiahi project scores 100 because it only involves upgrading a
turbine without additional environmental impacts, and thus contributes no negative
environmental consequences. Likewise, the landfill gas, wind, solar thermal, and solar
PV projects also scored high. The lowest scoring projects were the mass burn (pollution
from solid fuel combustion) and Wailua hydro (substantial changes to river).
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Table 7-13. Harmonious Coexistence Scoring Results.

Proj ect Score | Comments
Simple Cycle CT and DE 50 Can use biodiesel fuel
Combined Cycle CT and DE 50 Can use biodiesel fuel
Direct Fired Biomass 50 No large positive or negative environmental impacts
Landfill Gas - Kekaha 75 Significantly reduces greenhouse gas emissions
Waste to Energy Mass Burn 25 Solid fuel combustion produces pollution
Hydroelectric
Waiahi 50 Already an existing project on this stream
Upper Waiahi 100 Upgraded turbine, no incremental environmental impacts
Wailua 25 Substantial division of Wailua River
Waimea Mauka 85 Upgraded project with some dlight disturbances of local
environment
Puu Lua-Kitano 40 Run of ditch project, minimal environmental impact
Kitano-Waimea 40 Run of ditch project, minimal environmental impact
Wind 75 Visual and avian impacts
Solar Thermal Naphtha Hybrid 70
Solar Thermal 75 Minimal environmental impacts
Solar Photovoltaic 85 Minimal environmental impacts

7.6.4 Socioeconomics

Each energy technology was evaluated based on the socioeconomic benefits that
development of the technology would have on the economy, health, and general well
being of Kaua'i. Determining factors for this category included job creation, solving
existing socioeconomic problems on the island, and transfer of knowledge to the island.

A score of 50 was considered to be the baseline for this category. Technologies
that would contribute additional benefits received a higher score. The scoring of
socioeconomic impact for the various resource options was based on their relative
benefits. Options that would require significant O&M and that would generate significant
employment during construction and operation received the highest scores, while options
that generate little employment and have low operating requirements received low scores.
Resource options that create very few socioeconomic benefits, such as upgrading an
existing hydro plant received a score of zero.

Simple cycle resource options received relatively low scores because of their low
employment impacts. Due to its increased complexity, The Solar Titan 130 projects
received a higher score.

The highest scores were assigned to technologies that would involve high local
employment. Biomass production received a score of 100 due to the large benefits
associated with the creation of a biomass fuel supply infrastructure that would generate
many jobs and promote capital investment in the local economy. Waste to energy
technologies received socioeconomic impact scores of 50 due to the benefit of improved
solid waste disposal with these technologies.
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The plan scoring in Section 9 includes a more detailed analysis of the aggregate
job creation potential for each of the expansion plans.

Table 7-14. Socioeconomic I mpact Scoring Results.

Proj ect Score | Comments
Caterpillar 3600 0 Very small project with minimal employment impact
Caterpillar 16CM 32 10 Relatively low employment impacts
Wartsila 18V 46 10 Relatively low employment impacts
2x1 Titan 130 30 Moderate job creation potential
1x1 Titan 130 30 Moderate job creation potential
1x1 Wartsila 18V 46 10 Relatively low employment impacts
Direct Fired Biomass 100 Very high initial and sustained job creation
Landfill Gas— Kekaha 10 Relatively low employment impacts
Waste to Energy Mass Burn 50 Moderate high job creation potential, addresses waste disposal
Hydroelectric
Wainiha 20 Low employment impacts but, improved/new road to site
Upper Waiahi 0 Upgrade project. Very minimal impacts
Wailua 10 Low employment impacts
Waimea Mauka 0 Upgrade project. Very minimal impacts
Puu Lua-Kitano 20 Low employment impacts, possible irrigation system benefits
Kitano-Waimea 20 Low employment impacts, possible irrigation system benefits
Wind 10 Relatively low employment impacts
ﬁ;lgrr i;’hermal Naphtha 60 High job creation potential due to high capital expenditure
Solar Thermal 65 High job creation potential to high capital expenditure
Solar Photovoltaic 10 Rel a.tively low employment impacts, even with deployment of
multiple systems

7.7 Aggregate Scores

After scoring the resource options against each category/criterion, the composite
scores for each of the three categories were weighted according to the weightings
established in Table 7-2 and final resource options scores were calculated. The raw
scores and weighted final scores for each option are shown in Table 7-15. Figure 7-2
shows the breakdown of scoring for each option ranked in descending order. Figure 7-3
shows the breakdown of scoring for each option by generation category (intermittent,
intermediate / base-load options, and peaking) to facilitate comparisons between similar
types of capacity.

Of the 19 options scored, the highest overall score was 76.9, achieved by the
Direct Fired Biomass option. Thisisfollowed by the Solar Thermal option, which scored
66.9. Nine options achieved scores between 50 and 60. The mgjority of the highest
scoring options involve some level of renewable resource utilization, though six of these
options are hydro projects that would not provide firm capacity.
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Generaly speaking, the lowest scoring options were the diesel engines and solar
PV projects.
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Table 7-15. Supply-side Options Aggr egate Scores.
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Sub-Category Weight 50% | 35% | 15% 10% | 30% | 30% | 30% 25% | 25% | 25% | 25%
Simple Cycle DE
Caterpillar 3600 DG 40.9 0 5 21.2 | 100 | 100 50 60 | 73.0| 50 40 50 0 350 | 431
Caterpillar 16CM 32 41.0 0 10 220 | 50 100 50 60 | 68.0| 50 40 50 10 375 | 425
Wartsila 18V 46 455 0 25 265 | 50 75 50 60 | 605 | 50 40 50 10 375 | 415
1x1 Wartsila 18V 46 Combined Cycle DE 48.8 0 25 28.1 | 50 75 50 60 | 605 | 50 60 50 10 425 | 43.7
2x1 Solar Titan 130 Combined Cycle CT 511 0 50 | 331 | 50 75 100 60 | 755 | 50 60 50 30 | 475 | 520
1x1 Solar Titan 130 Combined Cycle CT 434 0 25 255 | 50 75 100 60 | 755 | 50 60 50 30 475 | 495
Direct-Fired Biomass 512 | 100 | 100 | 756 | 75 50 100 75 | 75.0 | 100 70 50 100 | 80.0 | 76.9
Landfill Gas - Kekaha 90.5 75 10 730 | 50 100 25 0 4251 50 100 75 10 58.8 | 58.1
MSW Mass Burn 68.2 | 100 50 766 | 75 50 75 20 | 510| 75 70 25 50 55.0 | 609
Hydroelectric
Wainiha 100 50 50 750 | 50 10 50 0 23.0 | 100 | 100 50 20 675 | 55.2
Upper Lihue 84.7 50 50 67.4 | 50 10 50 0 230 | 100 | 100 | 100 0 75.0 | 55.1
Wailua 988 | 50 50 | 744 | 50 10 50 0 230 | 100 | 100 25 10 | 588 | 52.1
Waimea Mauka 92.7 50 50 714 | 50 10 50 0 23.0 | 100 | 100 85 0 713 | 55.2
Puu Lua-Kitano 86.5 50 50 68.2 | 50 10 50 0 23.0 | 100 | 100 40 20 65.0 | 52.1
Kitano-Waimea 936 | 50 50 | 72.8 | 50 10 50 0 230 | 100 | 100 40 20 | 65.0 | 533
Wind Project 72.8 50 50 614 | 25 0 0 0 25 | 100 | 100 75 10 713 | 451
Solar Thermal/Naphtha hybrid 0 50 50 250 | 50 50 100 50 | 650 90 90 70 60 775 | 55.8
Solar Thermal 224 75 75 | 487 | 25 40 100 75 | 670 100 | 100 75 65 85.0 | 66.9
Solar PV 114 | 75 50 | 395 | 25 10 0 0 5,5 | 100 | 100 85 10 | 738 | 39.6
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Figure7-2. Overall Scoring Results.
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Figure 7-3. Scoring Results by Category.
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7.8 Recommended Options for the Detailed Analysis

Based on the scoring methodology adopted, nine options in Table 7-16 have been
selected for the detailed expansion planning analysis. These options were chosen to
provide a good mix of generating resources, including conventional and renewable
sources, while still generally following the final scoring results shown in Figure 7-3.

The supply-side resource options include six individual hydroelectric projects, all
of which were ranked fairly high in the screening process even though they do not
provide firm capacity. For the final list of recommended options these hydroelectric
projects were treated as a single option consisting of half the total capacity.

Further, the wind option was selected for analysis in the detailed plan. The best
large combined cycle options and the smallest simple cycle diesel engine were aso
chosen. This provides a reasonable mix of capacity sizes, fuel sources, and generation
types. Should any of other options appear competitive and beneficial, it is possible to
return to the initial list of options and select additional alternatives having comparable
characteristics to be tested for cost-effectiveness.

Table 7-16. Recommended Options.

. Overall
Option Name Cal\[ze\ﬁty Score F?a\t/neliie:lml
(Max 100) 9
Direct-Fired Biomass 20.0 76.9 1
Hydroelectric Options (50% of Total Capacity) 10.98 52.1-55.2 | 6,7,89,10,11
Kekaha Landfill Gas 16 58.1 4
Waste to Energy Mass Burn 7.3 60.9 3
Wind Project 10.5 45.1 14
Simple Cycle Recip. Engine (Caterpillar 3600) 2.2 43.1 16
2x1 Combined Cycle (Solar Titan) 35.5 52.0 12
1x1 Combined Cycle (Solar Titan) 17.37 49.5 13
Solar Thermal with Storage 30 66.9 2

Note that from this point forward in the report the Caterpillar 3600 and Solar
Titan 130 unit options will be designated by their more generic names. Simple Cycle
Reciprocating Engine and 1x1/2x1 Combined Cycle, respectively. There are potentially
multiplier suppliers of similar power conversion equipment for these alternatives.
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8.0 Detailed Economic Analysis

In Section 8, the nine short-listed options from Section 7 are evaluated through a
detailed economic anaysis. This analysis involves developing preliminary expansion
plans around the short-listed candidate unit options using the UPLAN planning model.
The expansion plans are then compared and the list of options is further narrowed. The
expansion plans involving the remaining options are then optimized. The optimized
plans are carried forward to Section 9 where they are scored according to economic and
non-economic factors and a preferred expansion plan isidentified.

8.1 The KIUC Need for Capacity Resources

The detailed economic analysis involves developing and comparing multiple
long-term capacity expansion plans for KIUC from the short-listed candidate unit
options. A capacity expansion plan is a schedule that details the timing and amount of
resource additions to a power system necessary to satisfy the system reliability criterion
during the planning horizon. An integrated resource plan considers demand-side and
supply-side resource additionsin selecting a preferred plan.

For many utilities, the adopted reliability criterion requires that a certain
percentage of firm, installed capacity be maintained over and above the peak load
forecast during each year of the planning horizon. Other utilities, including KIUC, adopt
the planning criterion that the utility must be able to serve its peak load with the largest
unit out of service. This alternative is frequently referred to as the “N-1" criterion and is
most commonly adopted by smaller utilities, or by utilities that are not well
interconnected with other utility systems. KIUC has adopted an additional planning
requirement that specifies that the morning peak load must be met with the largest unit
out of services and the third largest unit out for maintenance. This requirement is the
most restricitive for KIUC and drives the need for a near-term capacity addition in 2013.

Table 8-1 is caried over from Table 4-11 and lists the current firm KIUC
generation capacity (firm capacity includes al KIUC capacity less the 1.3 MW of KIUC
hydro capacity), the firm capacity less the largest and third largest unit, and the morning
peak load forecast. Based on the comparison of the peak load forecast with the firm
capacity less the largest unit, the final column of Table 8-1 indicates the year in which
additional capacity resources are needed on the KIUC system to meet the morning peak
criterion. The table indicates that, under the adopted KIUC planning criterion and load
forecast, a need for additional capacity resources arises in 2013 when approximately 0.8
MW of additional capacity resources will be needed to meet the planning criterion. The
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need for capacity increases each year thereafter and reaches 33.3 MW in 2028, the end of
the planning period.

Table 8-1. Base Case Capacity Balance: Morning Peak Criterion

ExistingFirm| Existing Generation Less |Morning Peak|Surplus/ (De€ficit)
Generation | First and Third Largest Unit Demand of Generation

Y ear (MW) (MW) (MW) (MW)
2009 121.25 76.25 71.3 5.0
2010 121.25 76.25 72.6 3.6
2011 121.25 76.25 74.0 2.2
2012 121.25 76.25 75.5 0.7
2013 121.25 76.25 77.1 (0.8)
2014 121.25 76.25 78.7 (2.5)
2015 121.25 76.25 80.5 (4.2
2016 121.25 76.25 82.2 (6.0
2017 121.25 76.25 84.1 (7.8)
2018 121.25 76.25 86.0 (9.7)
2019 121.25 76.25 88.0 11.7)
2020 121.25 76.25 90.0 (13.8)
2021 121.25 76.25 92.1 (15.9
2022 121.25 76.25 94.3 (18.2)
2023 121.25 76.25 96.6 (20.9)
2024 121.25 76.25 99.0 (22.8)
2025 121.25 76.25 101.5 (25.2)
2026 121.25 76.25 104.1 (27.8)
2027 121.25 76.25 106.7 (30.5)
2028 121.25 76.25 109.5 (33.3)

8.2 Methodology Used to Develop and Evaluate Expansion

Plans
The purpose of the detailed economic analysis is to identify the expansion plan
that will alow KIUC to serve its customers and meet its reliability obligations in the

|east-cost manner.

In utility planning, the least-cost plan is that which minimizes the

8-2




Kaua'i Island Utility Cooperative
Integrated Resource Plan 8.0 Detailed Economic Analysis

present value of power costs to utility customers over the long-term planning horizon,
assumed to be 20-years in the KIUC study (2009 through 2028). The present value cost
of an expansion plan is derived by: 1) estimating the total system production costs (fuel
plus variable O&M costs) for each year in the planning horizon, 2) adding the annual
fixed costs (fixed O&M and the annual capital costs) associated with new capacity
options, and 3) discounting the total production costs plus fixed costs for each year to the
beginning of the planning period. The resulting cumulative present worth cost (CPWC)
of each expansion plan is a single cost figure, determined by aggregating the sum of the
annual present worth costs for each year of the planning period. The process of
calculating CPWC isillustrated conceptually in Figure 8-1.

Year 1 Year2 ... Year 20

System Production Costs System Production Costs System Production Costs
Incremental Capital Costs Incremental Capital Costs Incremental Capital Costs
Incremental Fixed Costs Incremental Fixed Costs Incremental Fixed Costs

A “[

CPWC

Arrows symbolize the discounting of yearly costs to the start of the study period

Figure8-1. Conceptual Derivation of Cumulative Present Worth Costs (CPWC) of
an Expansion Plan.

Once the CPWC of various capacity expansion plans are developed, these costs
are then compared among plans to identify the least-cost alternative. This process is
performed under base case assumptions and under sensitivity cases to determine whether
the plan with the lowest CPWC in the base case is robust, meaning that it remains a cost-
effective option under alternative but realistic aternative future conditions. The
remainder of Section 8 describes the expansion planning analysis and results for KIUC.

8.3 The UPLAN Model

To produce accurate CPWC estimates, detailed models are usually used in
expansion planning analyses to estimate year-by-year system production costs. There are
several production cost and expansion planning models commercially available. For the
KIUC IRP, the UPLAN model, developed and owned by LGC Consulting, Inc., was
used. UPLAN has been available commercially since 1983 and has been used to model
over 150 utility systems. The model has been used by KIUC and its predecessor Citizens
Utilities for operational analysis and long range planning since 1992,

UPLAN is a chronological production-costing model that dispatches capacity
resources on an hourly basis according to the relative economics of a unit. Units having
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the lowest production costs (fuel and variable O& M) are dispatched first. Thisisreferred
to as merit order or economic dispatch. UPLAN dispatches available capacity resources,
subject to any dispatch constraints, until energy requirements are met in each hour. The
model considers multiple unit characteristics including full and part load heat rates,
minimum load levels, ramp rates, minimum up time and down time, scheduled and forced
outages, start-up costs, and unit retirement dates. Figure 8-2 illustrates the a typically
hour-by-hour load profile for KIUC that is met through UPLAN’s dispatch algorithms.
The load profile was developed based on the historical KIUC load shape applied to the
adopted forecast described in Section 4.

MW

100
90 -

80 -

70
60
50
40

30 T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000
Hours

Figure8-2. Typical Annual KIUC Hourly MW L oads.

For the KIUC IRP study, the available firm capacity on the system, less the first
and third largest units, is compared with the forecasted peak load. When the peak load is
greater than the forecasted peak load less the first and third largest units, additional
capacity is added to the KIUC system. When additional capacity is needed, UPLAN is
provided information on one or more of the candidate units for KIUC, which are the
short-listed units from Section 7. UPLAN can be run in an optimization mode, whereby
the least-cost plan is automatically selected from the candidate units. Alternatively,
expansion plans can be created by selecting specific units from the candidate unit list and
inserting the units into an expansion plan. Likewise, if additional capacity is required
after the first addition, UPLAN can choose from the candidate unit list to minimize the
CPWC, or specific units can be selected for inclusion in an expansion plan.
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8.4 Assumptions for Candidate Supply-side Unit Options

Section 5 of this report provided genera characteristics for 19 candidate unit
options including capital cost, operating costs, and typical capacity factors. In Section 7,
a screening model selected 9 of these options for simulation in the UPLAN model. As
discussed previously, to properly simulate power system operation, UPLAN requires
many additional characteristics about each unit option such as minimum load levels,
ramp rates, emissions, and part-load efficiency. Black & Veatch developed these
characteristics for each of the options, as shown in Table 8-2. In some cases, these
estimates differ slightly from the initial estimates provided in Section 5.
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Table 8-2. Candidate Unit Characteristics.

General Information:
Option Name
Unit Type
Fuel Type

Unit Ratings (Net):
Full Load
Minimum

Ambient Conditions:
Dry Bulb Temperature
Relative Humidity

Operating Mode:
Duty Cycle

Commercial Service:
Commercially Available ?
Plant Life
First-Year Available for Service

Project Durations
Permitting
Construction

Capital Cost 2008%
Costs ltems
EPC
Owner® Indirect
AFUDC
Land Cost
Total Capital Cost
Specific Costs
EPC
Owner® Indirect
AFUDC
Land Cost
Total Capital Cost

Fuel, Operations & Maintenance
Fixed O&M Cost
Fixed O&M Cost
Staffing Level
Land Lease
Variable Cost

Capacity and Heat Rate Data:
Net Capacity at Load Point
100 percent
75 percent
50 percent
minimum
Net Plant Heat Rate at Load Point
100 percent
75 percent
50 percent
minimum

Flue Gas Emissions (Normal Top Load at ambient
condistions):

Nitrogen Oxides

Sulfur Oxides

Carbon Dioxide

Carbon Monoxide

Volatile Organic Compounds

Particulate Matter

Unit Startup Parameters:
Heat Input Per Start, Hot/Cold
Hot Hours
Ramp Rates

Availability:
Average Annual Maintenance
Forced Outage Rate

MW
MW

E
percent

yes / no
years
year

months
months

$million
$million
$million
$million
$million

SIKWipeq
$IKW e
SIKW e
SIKWipeq
SIKW e

$ millionty
SIKW-Ynet
# employees
$ millionly
$IMWh,e,

MW
MW
MW
MW

Btu/kWh
Btu/kWh
Btu/kWh
Btu/kWh

Ib/Mbtu
Ib/Mbtu
Ib/Mbtu
Ib/Mbtu
Ib/Mbtu
Ib/Mbtu

Mbtu
Hours
%I/min

weeks
percent

2x1 Combined Cycle]1x1 Combined Cycleﬁmpleqcle Recip. Engine Direct-Fired Biomass Kekaha Landfill Gas
Combustion Turbine] Combustion Turbine| Diesel Engine Rankine Steam IC Engine
Naptha Naptha | No. 2 Fuel Oil Biomass LFG
355 17.37 22 20 16
17.81 8.64 1.1 5 1.6
86 86 86 86 86
70 70 70 70 70
| Baseload | Baseload | Baseload | Baseload | Baseload |
yes yes yes yes yes
25 25 25 25 25
2012 2012 2011 2013 2011
18-24 18-24 12-18 18-24 12-18
15 15 6 30 6
779 53.8 5.2 128.0 6.2
17.1 11.8 0.9 - 11
29 2.0 0.1 8.0 0.1
N/A N/A N/A N/A N/A
98.0 67.6 6.2 136.0 7.3
2194 3096 2364 6399 3862
483 681 402 - 657
83 117 34 402 55
N/A N/A N/A N/A N/A
2,760 3,894 2,800 6,801 4,574
157 1.25 0.02 4.19 0.54
442 72.14 8.6 209.3 335
30 15 0 30 1
N/A N/A N/A N/A N/A
7.1 7.37 13.2 11.7 0
355 17.37 2.2 20 0.8
26.18 12.77 1.65 14.4
17.81 8.64 11 9.6
17.81 8.64 1.1 5 1.6
8,420 8,611 8,900 15,400 11,500
9,430 9,668 9,030 15,700
11,130 11,475 9,660 16,870
11,130 11,475 9,660 23,730
0.06 0.06 3.25 0.18 0.44
0.02 0.02 0.41 0.12 05
145 145 160 0 0
0.12 0.12 0.14 0.35 0.56
0.003 0.003 0.22 0.02 0.14
0.06 0.06 0.03 0.015 0.03
180/340 180/ 340 0/18 450 /580 0/18
8 8 0 18 0
15 15 100 2 100
1.8 1.8 1.67 4 1.67
5 5 3 9 3

Note: All values arein 2008%. AFUDC valueis representative assuming construction

midpoint in 2008.
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Table8-2. Candidate Unit Characteristics (continued).

General Information:

Option Name Waste to Energy Mass Burn Hydro (Multiple Projects) Kauai Wind Solar Thermal w/ Storage
Unit Type Rankine Steam Hydro Wind Turbine Rankine Steam
Fuel Type Municipal Solid Waste Water Wind Solar

Unit Ratings (Net):
Full Load MwW | 7.3 | 10.98 | 10.5 | 30 |
Minimum MW 3.5 0 0 0

Ambient Conditions:

Dry Bulb Temperature F 86 86 86 86
Relative Humidity percent | 70 | 70 | 70 | 70 |
Operating Mode:
Duty Cycle | Baseload | Intermittent | Intermittent | Intermittent |
Commercial Service:
Commercially Available ? yes / no yes yes yes yes
Plant Life years 25 25 25 25
First-Year Available for Service year 2013 2013 2012 2012
Project Durations
Permitting months 18-24 18-24 18-24 18-24
Construction months 30 24 12 16
Capital Cost 2008%
Costs Items
EPC $million 115.1 55.4 56.7 2745
Owner@ Indirect $million - - - -
AFUDC $million 72 26 1.4 9.1
Land Cost $million N/A N/A N/A N/A
Total Capital Cost $million 122.3 58.0 58.1 283.6
Specific Costs
EPC $KW et 15768 5043 5400 9150
Owner@ Indirect $KW et - - - -
AFUDC $KW et 992 241 133 303
Land Cost $KW et N/A N/A N/A N/A
Total Capital Cost $/KW et 16,760 5,284 5,533 9,453
Fuel, Operations & Maintenance
Fixed O&M Cost $ million/y 291 0.84 0.42 6.00
Fixed O&M Cost $IKW -Yper 398.3 76.6 40 200
Staffing Level # employees 15 4 2 15
Land Lease $ million/y N/A N/A N/A N/A
Variable Cost $IMWhne 22.3 -- 17.8 0
Capacity and Heat Rate Data:
Net Capacity at Load Point
100 percent Mw 7.3 10.98 10.5 30
75 percent MW 53
50 percent MW 35
minimum MW 3.5
Net Plant Heat Rate at Load Point
100 percent Btu/kWh 18,700 N/A N/A N/A
75 percent Btu/kWh 18,780
50 percent Btu/kWh 19,320
minimum Btu/kwh 19,320
Flue Gas Emissions (Normal Top Load at ambient
condistions):
Nitrogen Oxides Ib/Mbtu 0.22 0 0 0
Sulfur Oxides Ib/Mbtu 0.02 0 0 0
Carbon Dioxide Ib/Mbtu 58 0 0 0
Carbon Monoxide Ib/Mbtu 0.06 0 0 0
Volatile Organic Compounds Ib/Mbtu 0.01 0 0 0
Particulate Matter Ib/Mbtu 0.01 0 0 0
Unit Startup Parameters:
Heat Input Per Start, Hot/Cold Mbtu 120/ 240 N/A N/A N/A
Hot Hours Hours 1 N/A N/A N/A
Ramp Rates %/min 2 N/A N/A N/A
Availability:
Average Annual Maintenance weeks 4 1 0.33 4
Forced Outage Rate percent | 12 | 5 | 5 | 6 |

Note: All values arein 2008%. AFUDC value is representative assuming construction
midpoint in 2008.

An alowance has been included in the indirect costs for each option to cover
associated transmission interconnection and minor upgrade costs. This allowance is
expected to be sufficient with one exception. When the incremental installed capacity of
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generation sited at the Kapaia power station exceeds 30 MW, additional transmission
upgrades are needed to reliably distribute the generation from the Kapaia site. The
estimated additional cost for the upgrades is $22.7 million. The combined cycle options
are expected to be located at Kapaia and are affected by this additional cost. The 2x1
combined cycle option is 35 MW, and is always assessed this additional charge. The 17
MW 1x1 combined cycle is only assessed the charge if a second 1x1 unit is required (34
MW total). These additional costs are not included in the costs in Table 8-2 but are
included in the UPLAN modeling resullts.

8.5 Development of Integrated Expansion Plans

This section explains the development of the integrated expansion plans from the
9 short-listed capacity options listed in Table 8-3 and the two DSM funding levels
developed in Section 6. As before, the two DSM options are referred to below as DSM-1
and DSM-2, with the later being the more aggressive DSM portfolio having a higher cost
and greater impact.

The development of expansion plans takes into consideration certain
characteristics associated with the short-listed supply-side options that are shown in
Table 8-3. These characteristics include potentia unit timing, renewable capability, and
whether or not the resource is firm.

Table 8-3. Short-Listed Supply-Side Resource Options and Planning
Considerations.

: First Small Large
Unit Option Abbrev- | Capadity | o Cap- Cap- Non- | penewable
iation , MW . . . Firm
Avail acity acity
Kekaha Landfill Gas LFG 16 2011 X X
Simple Cycle Recip. IC 22 2011 X "
Engine
2x1 Combined Cycle | 2X1 355 2012 X
1x1 Combined Cycle | 1X1 17.37 2012 X
Direct-Fired Biomass | Bio 20 2013 X X
MSW Mass Burn Mbrn 7.3 2013 X X
Hydroelectric Hydro 10.98 2013 X
Wind wind 105 2012 X X
Solar Thermal w. S-Ther 30 2012 X
Storage

* Renewable fuel capable.
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In addition to characteristics, a couple of other key assumptions were made the
impacted al of the plans:

All plansinclude the PUC-approved 6.4 MW power purchase agreement with
Green Energy Team starting in 2011.

Early modeling found that DSM-2, the aggressive demand side management
was more cost effective than DSM-1. All plans include the DSM-2 measures.

Over 100 runs have been made with UPLAN to assess the different plan options.
A deliberative approach was taken to test the unit options first by themselves, then in
groups, to determine the best units and the best combinations. When promising options
where identified, they were then combined with other options to see if the combination
resulted in improved economics. A number of the leading plans and other representative
plans were then chosen for comparison, and these are shown on the next page in Figure
8-3.

Each plan consists of one or more unit additions, with the timing of the additions
indicated by the first row in the figure. The plans are grouped (and named) around their
major functional element that distinguishes them from other plans. For example, plan #1
“Biomass’ includes a number of unit additions, but the biomass unit in 2013 is the maor
capacity addition in the near-term. Plan #7 “Biomass less Wind” is the same as plan #1
except that it does not include the wind option.
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Plan # Plan Name 2009 [ 2010| 2011 | 2012 | 2013 | 2014 | 2015 |@6|@7|@8|@9|@0|@1|@2| @3|@4|@5|@6|@7|@8 Key
2X1 Capacity,
4 2x1 Unit Unit | Mw
STher 2x1 Combined Cycle 2X1 35.5
5 Solar 1x1 Combined Cycle | 1X1 17.37
1X1
Distributed
6 Generation | Direct-Fired Biomass | Bio | 200 |
1 Biomass
7 Biomass less Wind Solar Thermal w.
Storage S-Ther 30

8 Biomass less Mbrn

2 1x1 X1

9 1x1less Wind v

10 1x1less MBrn v

. 1X1
3 Biomass + 1x1

Biomass + 1x1 less 1X1
11 )
wind
12 Biomass + 1x1 less 1X1
Mass Burn

Figure 8-3. Candidate Plansfor Evaluation.
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There are 12 plans in total, including three maor groups of plans, and three
aternate plans. The alternate plans were determined early in the modeling process to
have relatively high CPWC scores and no effort was made to optimize the plans;
however, they have various features that might provide higher non-economic benefits to
be considered in the plan scoring analysisin Section 9. The plans are described below:

Biomass Plans (1, 7, 8) — The biomass unit is the major near term capacity
addition. Landfill gas, wind, hydro, and MSW mass burn are included as
smaller renewable energy options. Small reciprocating engines are added in
the later years of these plansto meet KIUC’ slonger range capacity needs.
Two options of the base plan are run, one without wind, and one without the
mass burn unit.

1x1 Combined Cycle Plans (2, 9, 10) — The 1x1 combined cycle unit isthe
major near term capacity addition. Landfill gas, wind, hydro, and MSW mass
burn are included as smaller renewable energy options. Small reciprocating
engines are added in the later years of these plans to meet KIUC’ slonger
range capacity needs. Two options of the base plan are run, one without wind,
and one without the mass burn unit.

Biomass + 1x1 Plans (3, 11, 12) — Both the 1x1 combined cycle and biomass
units are included as near term capacity additions. Landfill gas, wind, hydro,
and MSW mass burn are included as smaller renewable energy options. Two
options of the base plan are run, one without wind, and one without the mass
burn unit.

2x1 —This plan consists only of a 35 MW 2x1 combined cycle addition.

Solar — This plan includes a30 MW solar thermal plant and a 1x1 combined
cyclein year 2012. Another 1x1 combined cycle is added later in the plan to
meet capacity requirements.

Distributed Generation — Small 2.2 MW reciprocating engine generators are
added nearly every year to meet incremental capacity requirements. The
generators could be located around the island to enhance reliability.

8.6 Base Case Modeling Results.

The twelve plans were modeled in UPLAN, and the CPWC for each plan was
developed. The results are shown in Figure 8-4. The figure is grouped into four, as
follows:

Blue — Plans based on plan #1 Biomass
Yellow — Plans based on plan #2 1x1 Combined Cycle
Purple — Plans based on plan #3 Biomass + 1x1
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Gray — Alternate plans

Figure 8-4 indicates Plan #1 Biomass has a CPWC of $1.576 billion and is the
lowest cost plan. The next lowest cost plan is the same plan except it does not include
the MSW mass burn unit (#8). This plan is followed by another variant of the biomass
plan, albeit without wind (#7). The option with the highest CPWC is plan #5 Solar. The
CPWC of this plan is approximately 12 percent higher than plan #1 Biomass. By way of
comparison, a percentage difference of at least two or three percent is usually considered
to be asignificant difference between plans.'®

5 Solar $1.761

6 Distributed Generation

4 2x1

3 Biomass + 1x1

11 Biomass + 1x1 less wind

12 Biomass + 1x1 less Mass Burn

9 1x1 less Wind $1.606

10 1x1 less MBm $1.603

2 1x1 $1.597
7 Biomass less Wind $1.583
8 Biomass less Mbrn $1.580
1 Biomass $1.576

$1.50 $1.55 $1.60 $1.65 $1.70 $1.75 $1.80
CPWOC, Billion $

Figure 8-4. Base Case CPWC Results.

The fact that it is economical to bring on so many of the resources tested is a
reflection of the high cost of generation currently being encountered by KIUC. In other

18 This statement does not imply that CPWC can be accurately predicted to within 2 or 3 percent, but rather
that it would take afairly dramatic change in conditions to reverse the ranking of two expansion plans
having a CPWC difference of more than 2 to 3 percent. Thereason isthat the largest cost component of an
expansion plan isthe fuel cost for existing units, and the plans will be impacted in a similar manner under
alternative fuel price scenarios. Assumptions related to capital costs also often impact plansin the same
direction, even if not to the same degree, and capital costs usually comprise a much smaller portion of the
CPWC than do system fuel costs. Asaresult, it becomesincreasingly unlikely that a changein
assumptions will change the order of plans having a base case difference of 2 or 3 percent in CPWC if the
changes in assumptions are applied evenly.
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words, the savings in production costs for the renewable and higher efficiency generation

options are more than sufficient to offset the capital costs associated with each option.

Other observations that can be made from the economic analysis include:
The CPWC is close between the runs for many of the plan options. This
suggests that, in the end, the final selection will be largely driven by non-
economic factors (see Section 9).
Each plan contains a significant amount of renewable and efficiency
improvement resources. Moreover, since KIUC is currently test burning
biodiesal in its existing units, it is possible that every plan could not only meet
the RPS targets, but could achieve nearly 100 percent renewable penetration.
While each element of the expansion plan is beneficial and should be pursued,
the economic penalty of not developing any one of the optionsis not severe.
The exceptions to this are the 1x1 and biomass capacity options, either of
which is needed to meet KIUC’ s 2013 capacity obligation.

8.7 Sensitivity Analysis

The detailed economic analysis included high and low sensitivity cases involving
load growth and fuel costs. The intent was to determine if the economic rankings of the
plans change, and by what percent, under alternative assumptions about the key variables
driving the economic analysis. The sensitivity runs are based on the three core plans,
which are representative of the higher ranked plans. These are:

#1 Biomass

#2 1x1 Combined Cycle

#3 Biomass + 1x1

The high load growth assumed that the peak load and energy sales would increase
at an average annual growth rate of 3.1 percent, as indicated in Section 4. The low load
growth scenario assumed the average annual rate of growth would be 0.30 percent. The
high fuel cost scenario was based on the forecasts for liquid fuel shown in Section 4.

Results of the load growth and fuel cost sensitivity cases are show in Table 8-4
and are illustrated in Figure 8-5. Results of the load growth sensitivity showed little
differential variation in the three plans, and there was no change in the relative rankings.
The fuel cost sensitivity resulted in a re-ordering of the plans, athough the relative
changes in CPWC are not large. Because it is more dependent on fuel prices, Plan #2
benefits from the low fuel cost sensitivity and becomes the top ranked plan. Conversely,
in the high fuel cost sensitivity, it becomes the most expensive plan.

As seen in Figure 8-5, the risks associated with the fuel and load growth
sensitivities are comparable between the plans which have biomass as part of their unit
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mix. Because it primarily would rely on indigenous renewable fuels, the biomass unit
has arisk advantage in the fuel cost sensitivity because the CPWC is not as subject to the
same deviation as the 1x1 combined cycle. In the load growth sensitivity, the risk is
nearly identical between options.

Table 8-4. Sensitivity Case CPWC Results (Costsin $ Billions).

High Low High Low
Plan Base BASE Rank Load Rank Load Rank Fuel Rank Fuel Rank
Biomass $1.58 1 1.76 1 $1.30 1 $1.77 1 $1.27 2
1x1 Combined Cycle | $1.60 2 1.77 2 $1.31 2 $1.88 3 $1.16 1
Biomass + 1x1 $1.64 3 1.80 3 $1.38 3 $1.83 2 $1.30 3
Sensitivity Case -

Biomass, Base = $1.58

Fuel Costs

Load Growth

Fuel Costs

Load Growth

$1.64

Fuel Costs

Load Growth

1.1 1.2 1.3 1.4 15 1.6 1.7 1.8 1.9
Cummulative Present Worth Costs (Billion Dollars)

Figure 8-5. Sensitivity Case Results.
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9.0 Plan Scoring

This section discusses the evaluation methodology used to score and rank the
expansion plans identified in Section 8, Detailed Economic Analysis. Twelve plans from
Section 8 include small capacity options, large capacity options, and non-firm renewable
options in different combinations representing a variety of different scenarios. Each plan
includes the DSM-2 option and the 6.4 MW Green Energy Team biomass PPA. The
CPWC analysis showed that the plans that include a large capacity option with many of
the smaller renewable energy options all had very similar economics, varying in CPWC
by less than 2 percent. The large capacity option could be either the Direct-Fired
Biomass or the 1x1 Combined Cycle. The smaller cost-effective renewable energy
options include Hydroelectric, Landfill Gas, Waste to Energy Mass Burn, and Wind.
Other plans varied in CPWC by less than 15 percent from the best plan. Because of the
small variation in CPWC, consideration of non-economic factors is important in
distinguishing plans and making a final selection. This section integrates the economic
analysis with non-economic factors to provide a comprehensive evaluation of each plan
against the established IRP objectives.

Section 9 discusses the scoring methodology, the scoring category components
and criteria, and the results of the evaluation process in each category. Findly, the
highest scoring plan is identified and recommended as the preferred expansion plan.

9.1 Introduction
As with the scoring of individual unit options in Section 7, the preferred

expansion plan scoring methodology considers CPWC, plus additiona attributes not
directly measured in the economic analysis. The following scoring categories have been
adopted and are consistent with the Framework requirements and the KIUC IRP
objectives:

Cost of Energy

Reliahility

Sustainability

9.2 Expansion Plan Scoring Methodology

The evauation methodology is structured to assign scores in three broad
categories to every plan evaluated. Each category is given a different weighting factor so
that a maximum score of 100 total pointsis possible for a plan when adding the scores for
all three categories. Criteria are specific and measurable to ensure consistent evaluation
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and quantitative comparison of the final expansion plan scores. The three categories are

very similar to those adopted in Section 7:
Cost of Energy — This category assesses the overall economic
competitiveness of the expansion plan. The evaluation is performed based on
(1) the CPWC calculation developed in Section 8, which compares the costs
of each expansion plan over the next 20-years, (2) exposure to fuel price or
resource variability, and (3) diversity of supply resources.
Reliability — This category assesses relative reliability of each expansion plan
and includes: (1) the ability to recover quickly from disasters such as
hurricanes, (2) aggregate availability of supply options, including the
probability of actually installing the components of the plan, (3) effects on
system stability, and (4) outage prevention and recovery.
Sustainability — This category assesses the overall sustainability of the plan.
In a sustainable society the flows are in balance and nature can reconstitute
order at the samerate it is consumed. Four conditions are met: (1) Society
takes no more from the Earth® crust than can be returned to the crust by
natural process (Infinite Resource), (2) Society does not produce persistent
synthetic compounds that build up in nature (Hazardous Byproducts), (3)
Society draws on renewable resources no faster than they can be regenerated,
and does not reduce the productive capacity of nature by detrimental
manipulation of green surfaces (Harmonious Coexistence), (4) Human society
is efficient, population is stabilized, and basic human needs are met
(Socioeconomics).

Each of the three scoring categories was assigned a weighting value based on
each category’s importance relative to the other categories in meeting KIUC's overall
objectives. Asindicated in Table 9-1, the weights assigned to each category are equal.
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Table9-1. Expansion Plan Scoring Categories.

Scoring Category Weight

Cost of Energy (components. CPWC, rate 33.3%
stability, diversification of supply)

Reliability (components: disaster recovery, 33.3%
availability of supply, system stahility,
outage recovery)

Sustainability (components: infinite resource, 33.3%
hazardous byproducts, harmonious
coexistence, socioeconomics)

9.3 Scoring Category Components and Criteria
The approach taken to score each plan was very similar to that applied to
individual unit options in Section 7; however, in this case the entire plan was scored over
the 20-year planning period. Because each plan can be comprised of over 30 new and
existing units, this made the evaluation much more complicated than the single unit
scoring undertaken in Section 7. Also, it was important to recognize that even if two
plans provide the same benefit in any category at the end of the 2028 expansion planning
period, the plan providing non-economic benefits sooner should receive a higher score.
This is the same as the how the CPWC score of a plan is structured for time-value
considerations. Generally speaking, to consider al unitsin a plan and to account for time
value considerations, the plans were scored using the following process:
1. The forecasted capacity (MW) and generation (MWh) for each unit for
each year of the evaluation were derived from the UPLAN model output.
2. The unit scores developed in Section 7 (see Table 7-15) were generdly
applied to each unit in the expansion plan (existing and new), but the score
was weighted by either the unit capacity or unit generation, depending on
the category. For example:

a. Weighted by Capacity: The Disaster Recovery score was weighted
based on capacity, since capacity is proportional to the capability
of a given option to help recover from a disaster. As an example,
the 20 MW Direct-Fired Biomass option will have a much greater
potential to help KIUC recover from disaster than the 1.6 MW
landfill gas option, just by virtue of its size.

b. Weighted by Generation: The Diversification of Supply score was
weighted based on forecasted generation, since this is the best
measure of how an actual unit contributes to overal portfolio
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diversity. Weighting by capacity would not be appropriate, since
some units will operate much more often than others.

3. The scores for each criterion were calculated for each year of the analysis
for every unit in the plan.

4. The scores for al units for each year of the analysis were aggregated in
each category. Similar to calculation of the CPWC, for some categories,
future values were discounted when summing up the years. This
recognizes that near term benefits are more important than benefits in the
long-term. For example, al of the criteria in the Reliability category
recognize that installing a unit that enhances reliability in 2012 is more
valuable than one installed in 2020. As with the economic anaysis, a
present worth discount factor of 5.0 percent was used for discounting.

5. The scores were then combined using the weighting factors provided in
Table 9-1.

The score was generally assigned based on the scoring guidelines shown in Table
9-2, with the adopted weighting for each criterion applied. Asindicated in Table 9-2, the
assigned weights for the criteria in each scoring category add up to 100 points, and the
total score for each scoring category is weighted based on Table 9-1, so that the
maximum total score any plan can receivein the evaluation is 100 points.

The results for each scoring category and their respective criteria are discussed
further in the following subsections. Each subsection includes a table with the scores for
al 12 plans from Section 8, and a short analysis of the scoring for that criterion. The
tables indicate the unit additions from 2011 to 2015, the critical years of plan expansion.
The plans are also ranked in the tables on each criterion from 1 through 12. Finally, there
isasmall bar chart for each plan which provides a visua representation of the score for
that plan. The score bars are color-coded, as follows:

Plans scoring 25 points or less [ |
Plans scoring 26-74 points [
Plans scoring 75 points or more I
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Table9-2. Screening Methodology Scoring Guidelines.

—_— Criteria . : -
Category Criteria Weight Scoring Basis Guidelines
Cost of Energy CPWC 50 Based on CPWC calculated in Section 8
(weight = 33.3%) 100 = lowest cost plan

Scores for other plans based on percentage higher cost than lowest cost plan (3% higher cost = 97, 50%
higher cost = 50))

Rate Stability 35 Based on unit scores assigned in Section 7.

Existing units assigned scores on similar basis as expansion units.

Unit scores weighted based on projected annual generation (MWh) for the unit

Annual values discounted and summed

100 = plan with highest cumulative discounted score

Scores for other plans based on percentage worse than best ranked plan (3% lower score = 97)

Diversifi- 15 Annual scores are based on the percentage of non-oil based generation (MWh).
cation of Annual values discounted and summed
Supply 100 = plan with highest cumulative discounted score
Scores for other plans based on percentage worse than best ranked plan (3% lower score = 97)
Reliability Disaster 10 Based on unit scores assigned in Section 7
(weight = 33.3%) Recovery Unit scores weighted based on projected annual capacity (MW) for the unit

Annual values discounted and summed
100 = plan with highest cumulative discounted score
Scores for other plans based on percentage worse than best ranked plan (3% lower score = 97)

Availability 30 Similar to Disaster Recovery (capacity-based)
of Supply
System 30 Similar to Rate Stability (generation-based)
Stability
Outage 30 Similar to Disaster Recovery (capacity-based)
Recovery
Sustainability Infinite 25 Plans that meet the KIUC goal of 50 percent renewable energy by 2023 receive 100 points. Plans that
(weight = 33.3%) Resource partially meet the goal are scored proportionally (for example, if the renewable energy percentage is 25

percent in 2023, the plan score would be 50 points).
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Table9-2. Screening Methodology Scoring Guidelines.

Category Criteria %ggﬁ? Scoring Basis Guidelines
Hazardous 25 Similar to Rate Stability (generation-based)
Byproducts
Harmonious 25 Similar to Rate Stability (generation-based)
Coexistence
Socio- 25 Based on initial capital cost and annual expenditures for variable O& M, fixed O&M, and fuel
economics expenditures.

Considers impacts from new unitsonly.

Only expenditures that are locally sourced count (for example 100 percent of biomass fuel costs support
the local economy, while 0 percent of oil based expenditures do).

Assumed capital cost expenditures locally sourced: biomass - 16%, mass burn - 16%, hydro - 20%,
landfill gas - 12%, wind - 12%, simple cycle recip. Engine - 8%, 2x1/1x1 - 10%, solar thermal - 16%.
For simplification 100 percent of fixed and variable O& M is assumed to be locally sourced.

Biomass fuel cost assumed to be local, fossil fuels not. Waste was not counted because there would
likely be no net increase in jobsin Kaua'i for waste hauling.

Only direct economic benefits are considered (not multiplier benefits for indirect).

Annual values discounted and summed

100 = plan with highest cumulative discounted score

Scores for other plans based on percentage worse than best ranked plan (3% lower score = 97)
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9.4 Cost of Energy

9.4.1 Cumulative Present Worth Cost

The CPWC score makes up the largest single component of the scoring process.
It is 50 percent of the Cost of Energy criteria, which is 33.3 percent of the overall score.
The CPWC for each plan was derived in the previous section. As a result of previous
economic screening process that eliminated most non-competitive options, the CPWC's
for the plans are generally within a small range, and there is little variation in the scoring.
The lowest cost plan is plan #1 Biomass, which receives a score of 100. The highest cost
plan is#5 Solar + 1x1, which was 12 percent more expensive than the Biomass plan and
thus received a score of 88.

Table9-3. Expansion Plan Scoring for CPWC.

Plan Near-Term Unit Additions CEWC Score Rank
2011 | 2012 | 2013 | 2014 | 2015 | ($billion)

1. Biomass LFG Vsilr?d szlytérrf; 158 | EEEEE 100 | 1
2. 1x1 LFG  1xl - a"y%fr':) 160 | 9 | 4
3. Biomass+1xl | LFG  1x1 vSiIr?d I:"y%rrrc‘) 164 |NEEEE % | 9
4. 2x1 2x1 167 |MEEEE 9 | 10
5. Solar + 1x1 Sl.j; 176 . 83 12
g © e (-]
7. \;Bvii(:%wassle&s LFG Bio |Z/Iyt:jrrr:) 158 B 100 3
S omemles | LR Wind Hydro | 158 | M 100 | 2
9. IxllessWind | LFG  1x1 |Zflylcélrrr:) | 6
10.(1[3)(5) ||§Z)M5rn LFG  1x1 Wing Hydro | 160 | NN 98 5
11.|I2£|gnquaﬁd+ 1x1 LFG Ix1 Bio lZ/Iyt(errr:) 164 . 9 8
12.3;?\}'?: 1x1 | LFG  1x1 V\E/%; r?d yaro | 164 | NN %6 7
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9.4.2 Rate Stability

Scoring for this criterion was based on exposure to fuel price (primary impact)
and resource variability (secondary impact). Scores in this category are similar to scores
for the Diversification of Fuel Supply category. Any plans which had the biomass unit
tend to score well because the biomass unit provides a large amount of reliable energy
from an indigenous resource. In contrast, plans which do not have the biomass unit, such
as#4 2x1, score poorly.

Table 9-4. Expansion Plan Scoring for Rate Stability.

Near-Term Unit Additions
Plan Score Rank
2011 | 2012 | 2013 | 2014 | 2015
1. Biomass LFG Bio Mbrn
Wind Hydro B 100 !
2. Ixi LFG Ix1 Mbrn
Wind Hydro 52 8
3. Biomass+ 1x1 LFG Ix1 Bio Mbrn
Wind Hydro  — 9% 2
4, 2x1 2x1 26 11
5. Solar + 1x1 1x1
Solar 50 9
6. D|str|bqted IC IC IC %% 11
Generation
7. Biomassless LFG Bio Mbrn
Wind Hydro o 9% 3
8. Biomassless LFG Bio
Mbrn Wind Hydro —— 89 5
9. 1x1lessWind LFG Ix1 Mbrn 47 10
Hydro
10. 1x1 lessMBrn LFG Ix1 54 7
(Bio late) Wind Hydro
11. Biomass + 1x1 LFG Ix1 Bio Mbrn
lessWind Hydro S— 94 4
12. Biomass + 1x1 LFG Ix1 Bio
lessMBrn Wind Hydro . 88 6

9.4.3 Diversification of Fuel Supply

Currently the large mgjority of KIUC's power generation is based on burning
petroleum-based fuels. Scoring for this criterion was based on the projected generation
coming from non-petroleum fuels over the next 20-years. The best scoring plan (#3
Biomass + 1x1) implements all of the renewable energy options (except solar) and aso
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has the 1x1 Combined Cycle unit, which could burn renewable biodiesel. As a resullt,
this plan is able to reduce dependence on petroleum from over 90 percent in 2007, to less
than 50 percent as soon as 2013, and 35 percent in 2015 (assuming no biodiesel use).
The lowest scores were given to plans that would add little diversity to KIUC's fuel
supply mix, such as plan #6 Distributed Generation. Besides the 6.4 MW Green Energy
Team biomass unit which isin al the plans, this plan only adds liquid-fueled generation.

Table9-5. Expansion Plan Scoring for Diversification of Fuel Supply.
Plan Near-Term Unit Additions Score Rank
2011 | 2012 | 2013 | 2014 | 2015
1. Biomass LFG Bio Mbrn
Wind Hydro  — 92 4
2. 1x1 LFG x1 Mbrn
wind Hydro n 8
3. Biomass+ 1x1 LFG Ix1 Bio Mbrn
wind Hydro B 100 !
4. 2x1 2x1 56 11
5. Solar + 1x1 x1
Solar 67 9
6. D|str|bgted IC IC IC 39 12
Generation
7. Biomassless LFG Bio Mbrn
Wind Hydro — 85 5
8. Biomassless LFG Bio
Mbrn Wind Hydro B 84 6
9. Ix1llessWind LFG 1x1 Mbrn 64 10
Hydro
10. 1x1 lessMBrn LFG 1x1 79 7
(Bio late) wind Hydro
11. Biomass + 1x1 LFG 1x1 Bio Mbrn
less Wind Hydro — 94 2
12. Biomass + 1x1 LFG x1 Bio
lessMBrn wind Hydro S— 93 3
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9.5 Reliability

9.5.1 Disaster Recovery

This score is based on how likely a natural disaster, such as a hurricane, is to
disrupt generation from an expansion plan. This score includes consideration of KIUC's
existing generating units. Because these units will continue to provide much of the
energy in all plans, thereislittle differentiation in the scores. The highest scoring plan is
plan #3 Biomass + 1x1. This plan scores high because it adds a large amount of reliable
new generation capacity in the near term.

Table9-6. Expansion Plan Scoring for Disaster Recovery.

Plan Near-Term Unit Additions Seore Rank
2011 | 2012 | 2013 | 2014 | 2015

1. Biomass LFG VI\E/Si|r?d aﬂy?jrrg ] 93 4
2. Ixa LFG Ix1 win |_l\|/|ylt()jrrr(1) . 89 7
3. Biomass+ 1x1 LFG x1 VI\?ilr?d |_l\|/|ylt()jrrr(1) B 10 1
4. 2x1 2x1 ) 87 11
5. Solar + 1x1 S]g%r O 88 9
6. g;terlrl;tlljz)e: IC IC IC — 84 12
7. \;Bv|i(r)]rgassle$s LFG Bio |_l\|/|ylt()jrrr(1) — 91 5
vk wind N e 6
9. Ix1llessWind LFG Ix1 a/lyl()jrrr(l) — 88 10
10. (]éxi}) Iliz)M Brn LFG Ix1 Wind Hydro I 89 8
11.|I2£|gnquaﬁd+ Ix1 LFG Ix1 Bio |Z/Iyt()jrrlz) . 98 >
et il Bl B4 Hydro | TN 97 3
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9.5.2 Availability of Supply

Scoring in this category is based on the ability of all the units in a plan to help
KIUC meet its capacity needs. Scoring for this criterion is aso based on Kaua'i-specific
experience and the perceived obstacles and uncertainties with implementing generating
technologies. As with the disaster recovery score, KIUC's fleet of existing units causes
the scores in this category to be similar. The scores increase slightly as more firm units
are added earlier in a plan, because KIUC would have more resources to count on.
Although capacity that is not firm, such as wind and hydroelectric, does not contribute to
KIUC's ability to serve load, these options are supplemental in the plans, and therefore
do not adversely impact the scores.

Table9-7. Expansion Plan Scoring for Availability of Supply.

Plan Near-Term Unit Additions Score Rank
2011 | 2012 | 2013 | 2014 | 2015

1. Biomass LFG Vl\E/;ilr?d k'\(lyt()jrrg B 2 9
2. 1x1 T L\"'y%rrr(‘) s 6
3. Biomass+1xl | LFG  1xl VSilrc])d my%frf(‘) B 100 2
4. 2x1 2x1 B 4
5. Solar + 1x1 Slc;%r B 100 1
© o TN
7. \;Bv|i(:]|(1;a$le$ LFG Bio aﬂy?jrrg 2 9
8. Sgrassleﬁs LFG VI\?ilr?d Hydro . 91 12
9. IxllessWind | LFG  1xl aﬂy%frr(') B 6
10. (]éxi}) Iliz)M Brn LFG Ix1 Wind Hydro o 94 8
11. Ig%aﬁd+ Xl | LFG 1x1 Bio |Z/Iyl()jrrlz) B 100 2
12. lgé)nl\}la;? r:- Ix1 LFG Ix1 VSiI r?d Hycro I 08 5
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9.5.3 System Stability

Stability refers to the ability of the generators in a power system to operate in
synchronism under normal and unstable conditions. Unit additions in a plan can
positively or adversely impact system stability. For the purposes of scoring this category,
there are two units that drive the scoring for most plans. The Biomass unit and the 1x1
Combined Cycle unit both contribute to higher system stability. The highest scoring plan
is plan #11 Biomass + 1x1 Less Wind. This plan has both the Biomass unit and the 1x1
Combined Cycle unit, and it also drops the Wind unit, which helps stability slightly.

Table 9-8. Expansion Plan Scoring for System Stability.

Near-Term Unit Additions
Plan Score Rank
2011 | 2012 | 2013 | 2014 | 2015
1. Biomass LFG Bio Mbrn
Wind Hydro E— 88 /
2. Ixi LFG Ix1 Mbrn
Wwind Hydro I 83 1
3. Biomass+ 1x1 LFG 1x1 Bio Mbrn
wind Hydro B 97 3
4, 2x1 2x1 o 97 >
5. Solar + 1x1 1x1
Solar I 92 5
6. Distributed IC IC IC 71 12
Generation
7. Biomassless LFG Bio Mbrn
Wind Hydro — a1 6
8. Biomassless LFG Bio
Mbrn Wind Hydro E— 85 9
9. 1x1lessWind LFG Ix1 Mbrn
Hydro ] 86 8
10. 1x1 lessMBrn LFG 1x1
(Bio late) Wind Hydro | T 85 10
11. Biomass + 1x1 LFG 1x1 Bio Mbrn
lessWind Hydro e 1
12. Biomass + 1x1 LFG Ix1 Bio
lessMBrn wind Hydro I 9 4
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9.5.4 Outage Recovery

Outage recovery takes into consideration the fact that KIUC must be able to
recover from a loss of generation quickly in order to provide quality service to its
members. As with some of the other categories, the existing units in KIUC' s fleet have a
large influence on this scoring category, causing little differentiation in plan scores. The
Biomass unit and Solar Thermal unit will have the ability to provide relatively low-cost
spinning reserve capability to KIUC. Plans with these options score somewhat higher

than other plans.

Table9-9. Expansion Plan Scoring for Outage Recovery.

Plan Near-Term Unit Additions Score Rank
2011 | 2012 | 2013 | 2014 | 2015

1. Biomass LFG VI\E/Si|r?d aﬂy?jrrg ] 88 6
2. Ixa LFG Ix1 win |_l\|/|ylt()jrrr(1) A 85 8
3. Biomass+ 1x1 LFG x1 VI\?ilr?d |_l\|/|ylt()jrrr(1) . 95 5
4. 2x1 2x1 _ % 5
5. Solar + 1x1 S:Ig%r B 100 1
6. g;terlrl;ttllger(]j IC IC IC . 80 12
7. \;B\;r;}rgassl%s LFG Bio |_l\|/|ylt()jrrr(1) N 88 6
vk wind N e 10
9. Ix1llessWind LFG Ix1 a/lyt()jrrrtl) — 85 8
10. (1Bxi%) I|§Z)M Brn LFG Ix1 Wind Hydro e 85 11
11.|I2£|gnquaﬁd+ Ix1 LFG Ix1 Bio |Z/Iyt()jrrlz) . %5 >
el il Bl A Hydro | T 92 4
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9.6 Sustainability

9.6.1 Infinite Resource

The infinite resource criterion measures the percentage of energy in each plan that
comes from renewable energy. Plans that meet the KIUC goa of 50 percent renewable
energy by 2023 receive 100 points. Plans that partially meet the goa are scored
proportionally (for example, if the renewable percentage is 25 percent in 2023, the plan
score would be 50 points). New liquid-fueled generation that has the capability to burn
biodiesel is given 50 percent credit in this criterion.

Seven of the plans surpass the 50 percent goal, generaly by 2015, 8 years ahead
of schedule. All of these plans include the biomass unit, which can meet about half of the
50 percent goa on its own. Without the biomass unit, it is more difficult to achieve the
50 percent goa unless significant quantities of biodiesel are burned or additiona
renewable energy options are identified.

Table 9-10. Expansion Plan Scoring for Infinite Resour ce.

Near-Term Unit Additions
Plan Score Rank
2011 | 2012 | 2013 | 2014 | 2015
1. Biomass LFG Bio Mbrn
wind Hydro BN 100 1
2. Ixi LFG 1xi Mbrn
Wind Hydro — 88 8
3. Biomass+1x1 | LFG  1Ixi1 Bio Mbrn
Wind Hydro B 100 !
4. 2x1 2x1 o 72 11
5. Solar + 1x1 X1
Solar . 80 9
6. Distributed IC IC IC 54 12
Generation
7. Biomassless LFG Bio Mbrn
wind Hydro B 100 !
8. Biomassless LFG Bio
Mbrn Wind Hydro B 100 !
9. Ix1llessWind LFG 1x1 Mbrn
Hydro [ ] 79 10
10. 1x1 lessMBrn LFG Ix1
(Bio late) wind Hydro | NN 100 1
11. Biomass + 1x1 LFG Ix1 Bio Mbrn
less Wind Hydro BN 10 1
12. Biomass + 1x1 LFG Ix1 Bio
lessMBrn Wind Hydro B 100 !
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The best plan and the worst plan with respect to renewable resources are shown in
Figure 9-1. The best plan is #3 Biomass + 1x1, which instals multiple near-term
renewable energy options and the 1x1 Combined Cycle by 2015. If all renewable options
are successfully deployed on schedule, RPS-eligible generation would rise to 70 percent
by 2015 with 50 percent biodiesel use in the new 1x1 combined cycle, and 65 percent
without biodiesel use. The plan surpasses KIUC's Strategic Plan goa of 50 percent
renewable energy in 2013, ten years ahead of schedule. In this plan, al of the new
renewable capacity is added as soon as possible, and no unit additions are made after
2015. Because renewable generation does not increase after this time, and load does, the
percentage of renewable energy gradually decreases after 2015. In contrast to this planis
plan #6 Distributed Generation. This plan does not meet the Strategic Plan target of 50
percent. This plan is able to achieve 27 percent renewable energy by 2023 with 50
percent biodiesel use in the new small reciprocating engines, and 16 percent without
biodiesel use. This plan would require additional biodiesel use in other existing KIUC
generators to meet the RPS goals.

80%

70%

with biodiesel
60%

50% ) L
without biodiesel

40%

30%

] lodiesel

0,
20% without biodiesel

RPS-Eligible Renewable Generation, % of total

10% Plan #6: Distributed Generation

0%
2009 2011 2013 2015 2017 2019 2021 2023 2025 2027

Figure 9-1. RPS Eligible Renewable Energy in Two Plans.
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9.6.2 Hazardous Byproducts

This category accounts for the emissions of the generating units. Although there
are many potentially hazardous byproducts associated with electric generation (fuel
spills, ash, air emissions, etc), this scoring criterion focuses on airborne emissions,
particularly criteria pollutants and carbon dioxide. This criterion includes generation
from both new and existing units. As new units are added, they will displace older, more
polluting units. An important assumption in this category is that environmental impacts
(that is, emissions) are generaly better for newer technologies compared to KIUC's
existing generating units. As a result, plans that have larger displacement of existing
generation generally have higher scores.

Table9-11. Expansion Plan Scoring for Hazar dous Byproducts.

Near-Term Unit Additions
Plan Score Rank
2011 | 2012 | 2013 | 2014 | 2015
1. Biomass LFG Bio Mbrn
wind Hydro I 9% 4
2. Ixi LFG 1xi Mbrn
Wwind Hydro E— 93 8
3. Biomass+1x1 | LFG  1Ixl1 Bio Mbrn
Wind Hydro BN 100 1
4, 2x1 2x1 T 85 11
5. Solar + 1x1 x1
Solar . 7
6. Distributed IC IC IC 74 12
Generation
7. Biomassless LFG Bio Mbrn
Wind Hydro I 92 9
8. Biomassless LFG Bio
Mbrn Wind Hydro — 94 6
9. 1x1lessWind LFG 1x1 Mbrn
Hydro [ 90 10
10. 1x1 lessMBrn LFG 1x1
(Bio late) wind Hydro | N 94 5
11. Biomass + 1x1 LFG 1x1 Bio Mbrn
less Wind Hydro B 97 3
12. Biomass + 1x1 LFG Ix1 Bio
lessMBrn Wind Hydro o 9 2

One area where the plans differ significantly is in greenhouse gas emissions.
Equivaent emissions of carbon dioxide were calculated on a historical and going forward
basis for each of the plans. The results are shown in Figure 9-2 for plan #3 Biomass +
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1x1 and plan #4 2x1 Combined Cycle. Plan #3 has the largest predicted reduction in
greenhouse emissions. Plan #4 is similar to a “business as usual scenario” that largely
relies on conventional liquid-fuel generation. The forecasted emissions were cal culated
based on the projected production for each of the units and the carbon dioxide emission
intensity of that unit (Ton CO2 equivaent / MWh).

500,000
Plan #4: 2x1 Combined Cycle
450,000
400,000
350,000

300,000

250,000

1990 emission level

200,000
150,000
100,000

50,000

Greenhouse Gas Emissions, ton CO2 (equivalent)

*No biodiesel use included
0

1990 1995 2000 2005 2010 2015 2020 2025 2030

Figure 9-2. Historical Carbon Dioxide Emissionswith Forecast for Plan #3 and #4.

By 2015, Plan #3 causes greenhouse gas emissions to drop about 30 percent
relative to 1990 levels and about 50 percent relative to forecasted 2010 emissions. Plan
#3 is aso significantly below Plan #4, which is somewhat representative of the current
emissions trgjectory. In Plan #3 there is a sharp drop in CO2 emissions as more
renewables are brought online from 2011 to 2015. As a simplifying assumption, biomass
carbon was considered carbon-neutral because plants recycle the vast majority of their
carbon with the atmosphere, while fossil fuel carbon, such as oil, comes from geologic
formations laid down millions of years ago. All of these scenarios forecast CO2 emission
rising steadily after 2015 due to growth in electricity demand. Additional reductions of
CO2 would be possible in any of the plans by switching oil-fired units to burn biodiesel.
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9.6.3 Harmonious Coexistence
The harmonious coexistence subcategory stems from concepts expressed in the
book Dancing with the Tiger: Learning Sustainability Step by Natural Sep, written by

Brian Nattrass and Mary Altomare in 2002.

It is essentialy a measure of the overal

environmental impacts that a given project is expected to have. Higher scores were
assigned to plans that add capacity with few negative environmental impacts. As with
some of the other categories, the existing units in KIUC’s fleet have a large influence on
this scoring category, causing little differentiation in plan scores.

Table9-12. Expansion Plan Scoring for Har monious Coexistence.

Near-Term Unit Additions

Plan 2011 | 2012 | 2013 | 2014 | 2015 seore Renk
1. Biomass LFG Vl\zlsilr(w)d aﬂy?jrrg B 5
2. Ix1 LFG  1x1 wing my%frf(‘) S 7
3 Biomess+ 1 | LFG 1 Bio a"y%rrr(‘) [ S 6
4. 2x1 2x1 I 95 9
5. Solar +1x1 Slc;%r B 100 1
o ©E C -]
7. \;B\;icr)]rgassms LFG Bio Fhrly%rrré B 3 10
8. Sgwassless LFG Vl\zlsilr(w)d Hydro s O 3
9. Ixllesswind | LFG  1x1 |_l\|/lyt(>jrrr(1) % 12
10. (1Bxi%) IEZ)M Brn LFG Ix1 Wind Hydro o 97 2
11. |E;)I:/qvaﬁd+ Ixl1 | LFG 1x1 Bio |Z/Iyl()jrrlz) — 03 1
12. lgé)nl\}la;? r:- Ix1 LFG Ix1 VI\?iI r?d Hydro I 97 4

9-18




Kaua'i Island Utility Cooperative
Integrated Resource Plan 9.0 Plan Scoring

9.6.4 Socioeconomic Impact

The plans were evaluated on the socioeconomic benefits that development of the
plan units would have. This factor measures the potential for local economic benefits due
to construction of facilities and annual expenditures for plant operation and locally grown
fuels. The highest scores were assigned to plans that would stimulate local employment
and investment. The plans that have the biomass unit received high scores due to the
benefits associated with the creation of a biomass supply infrastructure that would
generate many jobs and promote investment in the economy. For example, the biomass
plant would purchase around $15 million per year of biomass from local suppliers. In
comparison, the 1x1 combined cycle plant would send $20 to $30 million off the island
annually for liquid fuel purchases (unlessit used locally produced biodiesel).

Table 9-13. Expansion Plan Scoring for Socioeconomic | mpact.

Plan Near-Term Unit Additions Seore Rank
2011 | 2012 | 2013 | 2014 | 2015
1. Biomass LFG Bio Mbrn
wind Hydro B 10 1
2. Ix1 LFG 1x1 Mbrn 50 8
wind Hydro
3. Biomass+ 1x1 LFG Ix1 Bio Mbrn
Wind Hydro o 9 2
4, 2x1 2x1 42 12
5. Solar + 1x1 S]g%r 50 10
6. Distributed IC IC IC a4 11
Generation
7. Biomassless LFG Bio Mbrn
Wind Hydro I 9% 3
8. Biomassless LFG Bio
Mbrn wind Hydro I 9 5
9. 1x1lessWind LFG 1x1 Mbrn 50 9
Hydro
10. 1x1 lessMBrn LFG 1x1 64 7
(Bio late) wind Hydro
11. Biomass + 1x1 LFG Ix1 Bio Mbrn
less Wind Hydro o 9% 4
12. Biomass + 1x1 LFG Ix1 Bio
lessMBrn Wind Hydro E— 93 6
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9.7 Aggregate Scores and Preferred Plan

After scoring the plans against each category/criterion, the composite scores for
each of the three categories were weighted according to the KIUC Staff weightings
established in Table 9-1 and final plan scores were calculated. The raw scores and
weighted final scores for each plan are shown in Table 9-14. Figure 9-3 shows the
breakdown of scoring for each plan.

The highest scoring plans include the combination of both the 20 MW biomass
unit and the 17 MW 1x1 Combined Cycle unit. Plan #3 scored higher than all other
plans. It combines the Biomass and 1x1 units with the DSM-2 portfolio of demand-side
management measures and al the smaller renewable energy options. Wind, Hydro,
Landfill Gas, MSW Mass Burn. The combination of these units provides the highest
overal benefits to Kaua'i. Plan #3 scored 98 out of 100 total points, and achieved
consistently high scoresin the Cost, Reliability, and Sustainability categories. While this
plan contains a lot of new units to install before 2015, if one or more of these units are
not installed or is delayed, then the resulting plan may still be ranked highly. This can be
seen in Figure 9-3. The top seven ranked plans are all close variations of plan #3. That
is, the top seven plans only differ dlightly in terms of what units are installed (and when).

Based on the findings of this section, the preferred KIUC expansion plan from
this IRP is plan #3, which includes development of numerous renewable energy in the
near-term (2015 or earlier), implementation of an aggressive demand-side management
program (DSM-2), and the addition of the fuel-flexible 1x1 combined cycle in 2012 to
meet KIUC’ s requirements for firm, reliable capacity. The details of this plan are shown
in Table 9-15.

The next section describes the 5-Year Action Plan to implement this preferred
expansion plan.
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Table9-14. Expansion Plan Aggregate Scor es.

Near-Term Unit Additions

Cost (33.3%)

Reliability (33.3%)

Sustainability (33.3%)

— w
X — — < < —~ Q —
T B B =N N U S
e | 2 S8k |8 81812 |§
Plan ) (%' S| 2|2|6 o 2 3 8
2011 | 2012 | 2013 | 2014 | 2015 ;\5 > 2 g a = 3 3 7 g Grand
S |= | ® |3 |8 |8 g |3 3 2 Total
e8| > - |0 | x | &2 o}
O | B |a| 8|8 |° £ |2 T |e | 2| 6.18|Z
o) I3 8 = & 8 = ; EX k= 8
E S 2 Y 1] = el = o el
ko 2 0 — > > = % R Lo
Ole |68 |ld|la |l |l |06 |F|E || 8|8 |3
1. Biomass LFG Bio Mbrn o0 | 100 | 92 |99 | 93 | o2 | s | 88 | 90 | 100 | 96 | o5 | 100 | o8 95
Wwind Hydro
2. Ix1 LFG  Ix1 . Mbrn | oot e | 71 | 78 | 8o | o5 | 83 | 85 | 88 | 88 | 93| o5 | s2 | s 83
Wind Hydro
3. Biomass+1xl | LFG Ix1  Bio Mbrn | o0 g | 100 | o7 | 200 | 100 | 97 | o5 | 98 | 100 |100| o5 | 90 | o8 98
Wwind Hydro
4. 2x1 2x1 94 | 26 | 56 | 65| 87 | 99 | 97 | 90 | o5 | 72 | 85| o5 | 42 | 713 78
5. Solar +1x1 Ix1 88 | 50 | 67 | 71| 88 |100| 92 | 100| 9 | 80 |94 | 100 | 50 | &1 83
Solar
6. Distributed IC IC IC 94 | 26 | 39 |62 | 8 | o1 | 71 | 8 |81 |54 |7a| o5 | aa | ez 70
Generation
7. Biomassless LFG Bio Mbrn 00 | g6 | 85 |96 | 91 | o2 | 91 | 88 | 90 | 100 | 92| o3 | o8 | % 94
Wind Hydro
8. Biomassless LFG Bio
Mbrm Wind Hydro | 10| 80| 8 o4 || e | e | e |10 o4 o7 | 5 | % 93
9. IxllesWind | LFG Ix1 Mbrn e | 47 | 64 | 75| s8 | o5 | 86 | 85 | 89 | 70 | 90| e | s0 | 78 81
Hydro
10. 1x1 lessMBrn LFG 1Ixi
(Bio 19 Wind Hydro | %8 [ 34| 72 | To| e | s | e | e | e |0 o o7 | e | 85
11. Biomass+1x1 | LFG = 1x1  Bio Mbrn e | os | 94 |95 | 98 | 100 | 100 | 95 | 98 | 100 | 97 | 93 | 96 | o7 97
less Wind Hydro
12. Biomass+ 1x1 | LFG 1x1 Bio
o MBI Wind Hydro | % [ %8| © || 9| s e | w0|w o || 95

9-21




Kaua'i Island Utility Cooperative

Integrated Resource Plan 9.0 Plan Scoring

m Cost m Reliability = Sustainability

3: Biomass + 1x1

11: Biomass + 1x1 less Wind
1: Biomass

12: Biomass + 1x1 less MBrn
7: Biomass less Wind

8: Biomass less Mbrn

10: 1x1 less MBrn (Bio late)
5: Solar + 1x1

2: 1x1

9: 1x1 less Wind

4: 2x1

6: Distributed Generation

0 10 20 30 40 650 60 70 80 90 100

Figure 9-3. Expansion Plan Scoring Results by Category.

Table 9-15. Preferred Expansion Plan.

Timing Unit Nameplate MW Firm Capacity

Continuous | DSM-2 (Demand-side Peak |oad reduction of 4.34 MW by 2028
M anagement)

2011 Kekaha Landfill Gas 16 1.6

2012 1x1 Combined Cycle 17.37 17.37

2013 Wind 10.5 0

2013 Direct-Fired Biomass 20 20

2015 Hydro (Multiple Units) 11.0 0

2015 MSW Mass Burn 7.3 7.3
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10.0 KIUC'’s Five-year Action Plan

The preferred KIUC expansion plan consists of the multiple projects shown in
Table 10-1 in addition to implementation of the aggressive commercial DSM program.
The expansion plan modeling identified multiple near-term firm capacity and intermittent
renewable projects that would reduce the KIUC long-term cost of power if installed.
Development of all of these projects will be challenging. However, with the exception of
the 1x1 Combined Cycle, if one or more of the projects are not developed due to
technical, environmental, or commercial issues, KIUC will not fall short of capacity, but
the long-term CPWC of the expansion plan will likely increase. Further, other plan
benefits such as reliability and sustainability will likely not be as large if some of the
options are not developed. In genera, then, recognizing that the IRP has been based on
preliminary project data, KIUC should continue to pursue the identified projects through
a Resource Planning Team as described below.

Table 10-1. KIUC Action Plan.

Timing Unit Nameplate MW Firm Capacity

Continuous | DSM-2 (Demand-side Peak load reduction of 4.34 MW by 2028
M anagement)

2011 Kekaha Landfill Gas 16 1.6

2012 1x1 Combined Cycle 17.37 17.37

2013 Wind 10.5 0

2013 Direct-Fired Biomass 20 20

2015 Hydro (Multiple Units) 11.0 0

2015 MSW Mass Burn 7.3 7.3

10.1 KIUC’s Resource Planning Team

KIUC's Internal Capacity Planning Team (KIUC Team), with Board approval,
should conduct or manage studies of each expansion plan project, beginning with a
master development schedule that indicates the major activities needed to bring the
projects on line in a timely manner. The additiona studies or development activities
should be assigned and specific end dates established for the completion of these action
items. KIUC staff will need to discuss what activities can be accommodated by existing
staff, if new staff is required, or if outside consultants and contractors should be hired to
perform the work.
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The KIUC team should also hold regular meetings to discuss the progress and
results of the action plan items, and the implications for the continued pursuit of the
target projects. In the utility industry, especialy with renewable projects and private
power development, it is not unusual for announced projects not to materialize, or for a
fatal flaw not recognized in the conceptualization of a project to arise. Therefore, the
KIUC Team will need to monitor the status of each identified project on an on-going
basis and, should one of the projects not be developed due to a fatal flaw or changes in
economics, additional economic analyses should be conducted to determine whether an
aternative project should be pursued. The KIUC Team should make periodic reports to
the KIUC Board to discuss status of the project development action items. Reports at
least every six months would be appropriate.

The KIUC Team should monitor and execute action items for each of the resource
options in the expansion plan. The specific action items for each resource are discussed
below and are broken down into the following categories:

Current status of development

Ownership and site location issues

Technical issues (including fuel issues)

Environmental/Permitting/Regul atory issues, including the applicability of the
Hawai’'i Clean Energy Initiative.

Economic Analyses

10.2 Action Plan for Supply-Side Resources

The following section lists specific steps that can be taken to pursue individual
options in the preferred plan. Another way to approach the possible development of
renewable resources would be to issue a renewable RFP and invite qualified developers
to prepare specific projects. This would place the burden to develop a specific project
concept on bidders, and it would produce competitive proposals.

10.2.1 Kekaha Landfill Gas Project

Current status of development. Phase 1 of the Kekaha landfill was closed in
1995. It is capped and has 25 vents that vent the LFG to atmosphere. Phase 2 is ill
active and is projected to close in 2009. Plans are now underway for Phase 3, which will
be a horizontal expansion of Phase 2 and will extend the landfill life to 2016. Based on
the proposed expansion, the county (owner of the landfill gas rights) recently completed
an updated assessment of the potential for landfill gas recovery. The scope of the study
included:

Determine quality of Phase | landfill gas (LFG)
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Estimate quantity of recoverable LFG in Phase | & II

Prepare cost estimates for gas collection system needed to get the LFG to
Pacific Missile Range Facility (PMRF)

Determine fair market price for the LFG

Study the feasibility of a combined heat and power unit for PMRF

Based on this study, the capacity of the landfill gas system could be as much as
1.6 MW, as modeled for the IRP. The focus of the County’s study was on project
configurations that would benefit PMRF, and KIUC ownership of a stand-alone project at
the landfill was not explicitly modeled.

Ownership and site location issues. Ownership of the project is undetermined at
this point. The project could involve a number of ownership options including county
ownership with sales to KIUC under a PPA, ownership by KIUC, ownership by a third
party who builds, owns, and operates the plant and sells the power to KIUC under a PPA,
or ownership by PMRF with the generation used to offset electricity purchases from
KIUC. Ownership by PMRF, the county or KIUC would likely have a cost of financing
advantage, but experienced landfill project developers could have an advantage in their
ability to develop and operate such a project efficiently and may be able to take
advantage of certain tax incentives not available to governmental entities. These issues
should be studied in more detail in a project feasibility study that compares the various
ownership options from KIUC's perspective. The study would be based on the new
technical information developed for the County’s report.

The next step involving ownership would be to execute a Letter of Intent with the
County (and possibly PMRF) to establish terms of ownership and development
responsibility. Execution of this document is a precursor to signing a gas transfer
agreement with the County by which the owner of the facility will be entitled to use the
LFG. Thisisanaogousto aPPA for landfill gas.

Technical issues (including fuel issues). Several technical issues remain, and can
be resolved through a feasibility study of the project. Issues include the final sizing of
the project, the optimum time to construct the project in light of the landfill closure date,
a more definitive capital cost estimate, transmission interconnection, and the possibility
of implementing CHP at PMRF.

Environmental and Permitting. Methane, a potent greenhouse gas, is currently
being vented directly to the atmosphere at the landfill; the proposed project will capture
thisgas and use it for electricity, resulting in significant environmental improvements.
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An air permit from the Hawai'i Department of Health is expected to be the most
significant environmental permit required. The County’s study allocated 5 months for
this process.

The anticipated capital cost exceeds the $2.5 million threshold set by the Hawai'i
Public Utilities Commission for approval of utility capital expenditures. If KIUC decides
to own the project, an application will need to be submitted to the HPUC requesting such
approval. Upon filing the application, KIUC would anticipate a three to six month time
requirement for regulatory process and issuance of a Decision and Order granting (or
denying) approval of capital expenditure.

Economic Analyses. The economics of the landfill gas project should continue to
be evaluated as part of the feasibility study.

10.2.2 1x1 Combined Cycle Project

Current status of development. Based on the favorable economics shown in the
IRP and the concurrent GenX study, KIUC has formed an internal team to advance
development of the 1x1 Combined Cycle project. The team is beginning to address
initial permitting issues, scheduling, and project engineering.

Ownership and site location issues. The project will be sited at the existing
Kapaia Power Station to take advantage of the existing infrastructure in-place. Further,
this site already has a land use permit that is consistent with the proposed project. The
project will be wholly owned by KIUC. There are no open issues related to ownership
and site that location that would prevent project devel opment.

Technical issues (including resource availability). The 1x1 Combined Cycle
project involves consideration of proven technologies for the combustion turbine and
balance of plant systems. The fuel for the project will be naphtha, biodiesel, or fuel oil.
Experience with biodiesel firing in combustion turbinesis very limited, and technical and
logistical issues associated with its use are currently under investigation.

Environmental and Permitting. KIUC has begun to investigate the permitting
requirements to accommodate the new project on the Kapaia Power Station site.
Location of the unit at the existing Kapaia Power Station should expedite permitting due
to the existing land use permit and the precedents set when the origina generation was
permitted (for example, the protocol for air dispersion modeling).

The anticipated cost of the project exceeds the $2.5 million threshold set the
Hawai'i Public Utilities Commission for approval of utility capita expenditures, an
application will need to be submitted to the HPUC requesting such approval. Upon filing
the application, KIUC would anticipate a 12 to 24 month time requirement for regulatory
process and issuance of a decision and order granting approval of capital expenditure.
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Due to the technical issues this project will address, the project should be pursued
regardless of weather it is under the IRP or HCEI process.

Economic Analyses. The 1x1 Combined Cycle project is needed to meet near-
term capacity requirements, increase system reliability, and to enhance the efficiency of
liquid fuel use in the KIUC system. The economics of this option will be based on the
final project configuration and fuel use. Of these, the largest variable is future fuel
prices, which are dynamic regardless of the fuel used: biodiesel, diesel or naphtha. In
addition, world prices for biodiesel have been volatile and the long-term viability of
potential suppliers is not secure. Currently, there are not large quantities of biodiesel
available locally, athough there are initiatives underway to identify local crops that may
be productive in the Hawaiian climate. The economics of biodiesel fuel prices should be
monitored as additional information is gained in this area and the local fuel supply
strengthens.

Once a fina configuration is selected and a definitive capital cost estimate is
prepared, the economics should be updated to confirm continued cost-effectiveness if the
figures differ significantly from those assumed in the IRP.

10.2.3 Wind Project

Current status of development. A number of developers have investigated
potential wind projects on the island, and KIUC’ s interest in wind projects has increased
as a result of the 2005 Renewables Study. In May 2006, KIUC announced that it had
short-listed UPC Kaua'i Wind Power, LLC for a 10.5 to 15 MW project. A power
purchase agreement has yet to be signed, and the final site for the project is
undetermined. UPC is still actively pursing the project, and KIUC is encouraging their
efforts.

Ownership and site location issues. Other than encouraging UPC’s efforts, KIUC
is not actively developing any wind projects on itsown. The IRP originally characterized
seven potential wind projects, all of which appeared attractive economically. To reduce
the number of options taken forward to detailed modeling, a single representative wind
project was selected for the IRP, but no site was identified.

UPC is currently leading wind-siting efforts for their wind project. Should UPC
fall in its efforts, then KIUC will likely need to take a more active development role. A
study focusing on a location within a siting region, meteorological data collection,
ownership, and community acceptance would be a logica next step involving the
development of a wind project in ant region. Eventualy, land purchase or |ease options
and then firm agreements will be required.
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The wind project would involve multiple wind turbines and the 10.5 MW size is
small, but likely large enough to attract the interest of wind developers. Thus, KIUC
ownership and private ownership are both viable options for the project. While KIUC
has a lower cost of capital than a private developer, a private developer can take
advantage of tax incentives not available to KIUC. The project could therefore involve
ownership by KIUC or ownership by a third party developer who builds, owns, and
operates the plant and sells the power to KIUC under a PPA. Transfer structures are also
possible. Theseissues could be studied in more detail in the project feasibility study.

Technical issues (including resource availability). Several technical issues
remain, and can be resolved through a feasibility study of the project. This includes the
exact number and generation capacity of each turbine and the location of the turbines on
the selected site. Integration of the wind with the battery energy storage system isaso a
key area to explore further. Meteorological towers will need to be installed, and at least
one-year of on-site wind data will need to be collected. Annua generation potential
(capacity factor) can be predicted from the wind data. Capital costs should be updated
and should reflect current trends and future expectations in the wind turbine market.
Issues related to site access, delivery, and erection of the turbines should be studied, as
should transmission interconnection.

Environmental and Permitting. The feasibility study should address the
permitting and licensing requirements for the wind turbines and the environmental impact
studies to be performed. Impact to native birds and bats should be studied and addressed
to ensure that the wind turbines will not have a detrimental impact. In general, siting of
wind turbines to avoid bird and bat feeding routes and migratory paths can effectively
minimize bird and bat mortality to a negligible level. The Newell’s Shearwater (NS), a
threatened bird species on Kaua'i, is of particular concern. Since 2002, KIUC has been
working diligently and cooperatively with the U.S. Fish and Wildlife Service and the
Hawaii Department of Land and Natural Resources to develop a Habitat Conservation
Plan (HCP) for these seabirds. This HCP would be beneficia in addressing habitat issues
associated with future generation projects.

The environmental review should include a more detailed assessment of the
community acceptance of the wind turbines at the chosen location. This issue could
potentially result in a fatal flaw to project development. A process for public
involvement and comment should be provided. County government officials and the
U.S. Fish and Wildlife Service should also be included in the decision process from the
start of the study phase.

Economic Analyses. The wind turbine project should continue to undergo
economic evaluation as a result of the feasibility study to be performed. Like many
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power technologies, the cost of wind turbines has escalated substantially in recent years
and there can be a lengthy wait for order delivery. Updated cost and in-service date
information should be run through the economic planning model to confirm the continued
cost-effectiveness of the project.

10.2.4 Direct-Fired Biomass Project
Current status of development. The 20 MW direct-fired biomass project was
identified in this IRP and is in the early development phase. Although project
development work for this particular project has not started, there have been other
developments on Kaua'i that directly impact the project:
In March 2007, KIUC signed a 20-year PPA with Green Energy Team, LLC
for a6.4 MW biomass facility. Thefacility, to be operational in 2010 will use
agricultural waste to generate power. Thisisthe most advanced of the
projects. Thisproject is separately modeled in the IRP.
Gay & Robinson has been exploring biomass, waste and other fuelsin
conjunction with a planned ethanol plant at their existing sugar plantation.
The company announced in September 2008 that it intended to end production
of sugar and transform its operations towards energy production with partner
Pacific West Energy.
In 2006, KIUC shortlisted Cleaves & Company for negotiations for PPA with
a4.5 MW biomassfacility. A power purchase agreement has not been signed
yet and development is not active.

Because there is alimited supply of biomass fuels on the island, the development
of these projects plays alarge hand in the feasibility of the relatively large 20 MW plant —
whether it takes the form of one or more of these proposals or a different concept. As
one of the two primary capacity options in the expansion plan and because there are a
number of technical issues to be resolved, it is important that development activities and
studies be performed soon to advance this option further. Should afatal flaw be found or
should the project involve substantial risk with regard to fuel supply or other factors, the
1x1 Combined Cycle project can still meet near-term capacity needs; however, it will be
difficult for KIUC to meet its sustainability goals without alarge biomass component.

Ownership and site location issues. The project location for the plant has not
been identified and would most likely arise out of independent development efforts.
While current developments are directed by independent entities, KIUC could directly
own and operate the biomass plant. KIUC's low financing cost could result in a
substantially lower capital cost than if the unit were owned by a private power producer.
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This can be confirmed in afeasibility study that also evaluates the cost impacts of certain
tax incentives that may be available to a private developer but not KIUC. Regardless of
plant ownership, it is unlikely that KIUC would own or operate the biomass fuel
production system given its lack of agricultural experience and capability.

Technical issues (including resource availability). Several technical issues
remain, and these can be resolved through a feasibility study of the project. The
preliminary design of the plant will heavily depend on the resolution of a number of
issues related to fuel supply. A 20 MW plant would require a substantial quantity of
biomass supply on along-term basis. It is very likely that a large portion of the fuel for
the project will need to be grown as energy crops. This will require close cooperation
with agricultural producers.

Environmental and Permitting. The feasibility study should evauate the
permitting and licensing requirements for the construction and operation of the biomass
plant, including the environmental impact studies to be performed. It will also identify
potential fatal flaw concerns in the project concept arising from permitting issues. A
more detailed study of the community acceptance of the unit should also be important
part of the study. It islikely that community acceptance of the project could vary widely
from some opposition to enthusiastic support if the biomass plant sustains agricultural
traditions on theisland.

Economic Analyses. The biomass plant should undergo continued economic
evaluation as a result of the updated cost and performance estimates made as part of the
feasibility study.

10.2.5 Hydro Unit Options

Current status of development. The potential for hydro on Kaua'i is very strong,
and in the initial Renewable Energy report prepared by Black & Veatch in 2005, nearly
50 prospects were identified. Six prospects were identified as most promising, and these
were carried forward to the IRP. All of the projects were ranked fairly high in the IRP
screening process. For the final list of recommended options these hydroelectric projects
were treated as a single option. It was assumed that half of the total projected capacity
could be developed since it is unlikely that all of the hydroelectric projects could be
developed.

With the exception of upgrades to the KIUC-owned Upper and Lower Waiahi
system, most of the projects have not been studied beyond the preliminary identification
phase. The projects are currently classified as in the pre-development and study stage,
and afeasibility study should be performed on these options as the next step in the action
plan. These studies will require cooperation from the site owners. KIUC may also wish
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to consider a broader study of hydro potential on the island, to ensure that no promising
options have been overlooked.

Ownership and site location issues. The projects are located throughout the
island and consist of four new sites and two upgrades of existing facilities. All the sites
are run-of-river or run-of-ditch, which minimizes potential negative environmental
impacts. The project locations have been identified, though other projects may be feasible
if one of the identified sites cannot be developed for any reason. The best project appears
to be the Wainiha project, which had undergone extensive development in the 1980s
before being halted due to low power prices.

The two primary ownership options are KIUC ownership and private ownership
in which power is sold to KIUC through a PPA. The preferred arrangement may depend
on the site, as the water resources are generally controlled by other parties. It is noted
that more than the other technologies, KIUC ownership of hydro projects may not be
feasiblein al situations. KIUC will need to work closely with other parties to ensure the
most appropriate arrangement. These issues should be studied in more detail in a project
feasibility study that encompasses each of these potential projects. Legal arrangements
for the ownership or use of lands should be identified, and letters of intent and eventually
firm agreements will be required prior to active project development.

Technical issues. Severa technical issues remain and can be resolved through a
feasibility study of the projects. Issues include determining the optimum size and
configuration of each hydro project, collecting supplemental hydrological data, and
developing a more detailed capital cost estimate based on a conceptual design from
which quantities for construction can be estimated. The identification of construction
methods that will minimize the disturbance of the area should be considered in the cost
estimate and schedule. Transmission interconnection should also be studied and the
environmental impact of transmission lines must be considered as part of the study scope.

Environmental and Permitting. As with wind resources, Kaua'i has significant
potential for hydro resources, yet public acceptance and environmental issues may be the
largest factor that could prevent ultimate development of this renewable resource. The
feasibility studies should evaluate the permitting and licensing requirements for the hydro
units, and identify the environmental impact studies to be performed. Also, a more
detailed study of the community acceptance of the hydro units at these locations will be
important, and site specific constraints and concerns should be reviewed with state and
country government agencies, as well as affected or interested businesses, groups and
individuals. A process for public involvement and comment should be provided.

Economic Analyses. The hydro projects should continue to undergo economic
evaluation as aresult of the feasibility study to be performed.
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10.2.6 Mass Burn Waste to Energy Project
Current status of development. The 7.3 MW mass burn waste to energy project is
in the early development phase. Although project development work for this particular
project has not started, there have been other developments on Kaua'i that directly impact
the project:
In 2006, KIUC shortlisted Barlow Projects for negotiations for PPA with a5.3
MW waste to energy facility. A power purchase agreement has not been
signed yet.
In March 2007, the County released an integrated solid waste management
plan that, in part, recommended the construction of a waste-to-energy plant to
help handle theisland’ s refuse.

Despite these positive signs, development of the waste to energy project has not
active, and the project is not forecast to come onlinein the IRP until 2015.

Ownership and site location issues. The project location for the mass burn plant
has not been identified and would be part of the feasibility study. Siting solid fuel plants
is always complex. Issues that must be considered include land use, endangered species,
viewsheds, waste disposal, cooling water sources, transmission, fuel delivery and others.
Conducting preliminary siting studies will identify promising candidate sites and allow a
headstart in securing land access, permitting and waste supply. When alist of the most
likely sites is developed, more detailed studies can be conducted to determine which site
is best suited for project development. The key issue will be to find a location that helps
to minimize delivered waste costs, results in manageable impacts to the Kaua'i
transportation system, and is acceptable to the local community.

Project ownership issues have not been addressed, but KIUC could directly own
and operate the mass burn plant. KIUC's (or the County’s) low financing cost could
result in a substantially lower capital cost than if the unit were owned by a private power
producer. This can be confirmed in afeasibility study that also evaluates the cost impacts
of certain tax incentives that may be available to a private devel oper but not KIUC.

Technical issues (including resource availability). Several technical issues
remain, and these can be resolved through a feasibility study of the project. The
preliminary design of the plant will depend on the resolution of a number of issues
related to fuel supply. Of particular importance is the composition and quantity of waste
available on a sustainable basis, especially considering recycling initiatives. Specific
assumptions about tipping fees should be developed based on discussions with the
County of Kaua'i.
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Environmental and Permitting. The feasibility study should evauate the
permitting and licensing requirements for the construction and operation of the mass burn
plant, including the environmental impact studies to be performed. It will also identify
potential fatal flaw concerns in the project concept arising from permitting issues. A
more detailed study of the community acceptance of the unit should also be important
part of the study.

Economic Analyses. The mass burn plant should undergo continued economic
evaluation as a result of the updated cost and performance estimates made as part of the
feasibility study.

10.3 DSM Five-year Action Plan

The action plan for implementing the DSM program consists of ensuring that
KIUC has adequate staff and administrative support to implement the Commercial
Retrofit Program at the aggressive level evaluated in this IRP. The administrative planis
described below.

10.3.1 Administrative Plan
This section provides plans to administer the program by describing KIUC®
planned approach to several DSM implementation issues.

Staffing Plans

Currently at KIUC, the accountability for DSM programs falls under the Member
Services Manager. According to existing plans, KIUC's Energy Services Supervisor has
been delegated the responsibility for the successful implementation of the Commercial
Retrofit Program as well as the continuing development of current and future programs.
Data maintenance and integrity, report writing, accounting procedures, measurement and
evaluation, and process and impact evaluations will be managed by the Energy Services
Supervisor. Regulatory relations will be managed by the Regulatory Supervisor.

Roles of Energy Services Staff
The primary roles of the existing Energy Services staff will be:
to conduct and manage quality assurance;
to direct the devel opment of marketing materials,
to direct ongoing marketing through trade allies and member contacts,
to have created and to operate a program tracking system;
to bring about expert program monitoring and evaluations;
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to facilitate internal communication and coordination of program
implementation;

to develop cost accounting and other procedures; and,

to meet regulatory requirements.

Each of these primary roles is discussed below.

Quality Assurance

KIUC will have a quality assurance system in place to visit 100 percent of the
units with large measures installed. Programs with smaller measures will receive 100
percent site visits for each contractor until KIUC is satisfied that a contractor is providing
high quality work. Once a contractor meets a 90 percent "pass rate", there will be a
sampling of visitsto inspect that contractor®@work. Minimum quality assurance standards
will be established and the contractor will be aware of these prior to implementation.
KIUC will aso check data integrity of the tracking system information.

Ongoing Marketing

One of the most important aspects of an effective program is the regularity of the
flow of leads into the program. The best possible service delivery from the contractor(s)
is possible when the flow of leads is reasonable to start and steady throughout the
program.

For large members in particular, KIUC will maintain a level of customer contact
deemed appropriate for each situation. It is anticipated, for instance, that measures and
incentives for the large retrofit members will be negotiated individually with common
guidelines for all members. KIUC staff will take the lead in contacting such members and
in conducting such negotiations. KIUC will consider the privacy issues involved in
customer information and take the necessary steps to ensure that customer data is not
improperly used.

Tracking System Development and Operation

KIUC staff has customized a system to assure that it gathers the necessary data.
A detailed description of the tracking system has been described in the Monitoring &
Evauation (M&E) plan, which has been filed previously with the Commission.

Program Evaluation
A complete description of KIUC's Monitoring and Evaluation Plan for DSM
Programs was filed with the Hawaii Public Utilities Commission in the Fall of 1996.
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KIUC proposes to substantially retain the filed plan as its M&E plan for the set of
programsincluded in this DSM plan.

Facilitate Internal Communications and Coordination of Program Implementation

One activity to assure effective delivery of the DSM program is to promote an
understanding of the services offered and the benefits of DSM throughout the
Cooperative. KIUC's Energy Services staff will provide Member Services
Representatives with training and information about services and guidelines so they can
respond to customer inquiries.

Further, the Energy Services Supervisor will report program activities to the
Member Services Manager monthly. The information will be made available at
Department Head meetings and made available to all employees via the Cooperative's
intranet website.

Cost Accounting and Other Procedures

In addition to a DSM data tracking system which monitors information about the
numbers of measures installed, the energy savings, the members who have participated,
etc., KIUC has developed a cost accounting system which will monitor information about
DSM program costs. Such information will be required for proper internal budgeting and
program management as well as for regulatory and board hearing reporting.

KIUC will continue to utilize the same accounts and systems as those in the books
of the Cooperative. For instance, depending upon cost recovery treatment adopted,
expenditures will be capital or expense accounts. However, sub-accounts will be set up to
allow KIUC to monitor monthly items such as:

staff labor costs by program

marketing costs by program

incentives to members by program
contractor costs by program

monitoring and evaluation costs by program
travel costs by program

In addition, KIUC staff has developed procedures for several other administrative
tasks prior to implementing the programs such as:
purchasing procedures
payment approval procedures
customer project accounting procedures
capital account procedures
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tax procedures
financing procedures

KIUC will have an individual responsible for creating and utilizing this system,
and this individual will be responsible for regular monthly reports and ad hoc reports.
This individual will also be responsible for assisting in the preparation of DSM
department budgets and will report actual-to-budgeted variances on aregular basis.

Regulatory Requirements
KIUC staff will be prepared to respond in atimely, thorough fashion to regulatory

requests as well as to the regular requirements. This may involve creating or having
created annual DSM filings, responding to surcharge demands, and rate case filings.
Responsibilities will include:

creating documentation

responding to information requests

testifying before the commission

meeting with interested parties outside of hearing rooms

I ncentive Payment System

The incentive payment system will be established to produce: (1) timely payment
of incentives, and (2) payment only for proper charges. The basic channel for payment up
to a certain level of expenditure will require approval by the Energy Services Supervisor
and payment by the existing Accounts Payable Department at KIUC. Above a certain
level of expenditure, the Member Services Manager will need to approve the payment.

KIUC will require a member to provide documentation for each dwelling unit or
commercia building when jobs are completed for larger measures such as heat pump or
solar water heating or HVAC equipment. After a project with large measures has been
inspected, the incentive application will be sent to the Accounts Payable Department. In
the event payment is required for smaller items, staff will assure that al required
information is supplied, then forward the incentive application to the Accounts Payable
Department.

For the point-of-purchase coupons and mail order invoices, the Member Services
staff will review each retailer® or the catalog service® documentation to assure all
required information is supplied and then send the incentive application to the Accounts
Payable Department.
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Trade Ally Involvement

Initially, KIUC had to recruit trade allies to participate in programs. Today,
KIUC sees the benefits of past efforts as a greater number of projects are a direct result of
trade aly promotion. Their referrals take a number of forms such as verbal referras to
customers, written notification on proposals and bids, and direct referrals to KIUC
representatives for follow up. Without the efforts of our trade allies in most cases, KIUC
would experience missed opportunities for energy conservation. Today, up to half of all
the successful projects are the result of trade aly initiatives.

Maintaining these proactive trade ally relationships and continuing to improve the
relationships of the less active trade dlies is an ongoing effort. To support trade ally
participation, KIUC has:

Assembled a database of DSM providers and trade allies;

Developed an effective working relationship with DSM providers and trade
allies, including the constant recruitment of new trade alies;

Met the needs of the trade allies by providing guidance and education through
the Commercia Information and Training Program;

Developed a Trade Ally Agreement to ensure clear and consistent standards
for potential and participating trade allies.

In addition, KIUC will utilize local trade allies whenever possible, and provide
referrals for qualifying trade allies to commercial members.
The trade dlies include al those required for both commercial and residential
programs. Types of primary trade allies include:
Architects
Builders
Developers
HVAC contractors
Solar water heating contractors
Heat pump water heating contractors
Motor/V SD distributors and contractors
Lighting and hardware distributors
Manufacturers, as appropriate
Wholesaers, as appropriate
Lighting and hardware retail outlets
Electricians
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Once the leads are generated, the PC(s) and KIUC staff will disseminate
information and solicit commitments for participation. This will be through the
appropriate channel for each group of trade allies that will include a choice of one or
more of the following:

kick-off meeting to formally announce programs
sitevisits

meetings

training sessions

presentations at trade ally association meetings
periodic newsletters

Hazardous Wastes

Contractors working in the program will be required to comply with local, state,
and federal regulations with regard to disposal of wastes designated as hazardous. This
will include magnetic ballasts, refrigeration units, etc.

10.3.2 Monitoring and Evaluation Plan

Pursuant to the Commission’s Decision and Order No. 15733, Docket No. 94-
0337, and as specified in the ordering paragraph 6, KIUC, then KE, filed a complete
description of KIUC's Monitoring and Evaluation (M&E) Plan for DSM Programs in
November 1997. KE also filed an addendum to the 1997 M&E plan in June 2000. KIUC
proposes to substantially retain the filed plan and addendum as its M&E plan for the set
of programsincluded in thisDSM plan.

10.3.3 Cost-Effectiveness

All DSM measures and programs have been evaluated for cost-effectiveness using
several tests in general, and the Total Resource Cost test in particular. The test utilized
the avoided supply cost developed for the 2005 KEMA study of Energy Efficiency
Potentials. The results of the TRC tests are provided in Section 6 and the appendices of
this document. As the IRP is updated, KIUC will discuss the need to update the cost-
effectiveness tests of program measures, with the option to re-evaluate certain measures
using the Total Resource Cost test, thereby evaluating its programs as part of an
integrated modeling process.
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Appendix F. Overview of LCG Consulting’s UPLAN model

A Complete System for Integrated Market Simulation, Price Forecasting,
Optimal Power Flow, Asset Valuation, Options and Risk Management
Overview

The UPLAN Network Power Model (UPLAN-NPM) projects detailed physical and
financial operations of electricity markets under conditions ranging from traditional
regulation to today’s post-restructuring competitive market structures.

Integrated Market Model

Objectives Unique Features
* LMP-based unit commitment « Co-optimization of Energy and A/S
« Co-optimization of Energy and « Efficient utilization of transmission
Ancillary Service and « Full SCUC, SCED, and OPF
transmission ; ;
« Compliant with PIJM, CAISO, MISO
« Resolve all congestions in day- |nteg rated & ERCOT market operation
ahead unit commitment & o o
dispatch Market Simulation
SCUC and SCED
Loads and Resources Transmission ‘ Model Output
« Generator Energy, A/S & Full Network Characteristics « Generator costs, revenues, uplift & net
Reactive Power capability Thermal & flowgate operating margin, etc
» Generator cost & economic Ratings . « LMPs, A/S prices, & zonal prices
characteristics and bids Contingencies

Impedance (resistance, : Iéosr(]iciloow,er’r;:;glnglsiaverage losses,
reactance, capacitance, L Ul !

etc.) » Congestion Cost & Congestion Revenue
Rights, Shadow Price

» Customized Reports

* Hourly Energy & A/S loads at
each bus (control area) and
demand bids

UPLAN-NPM integrates electricity market simulation with a full (AC/DC) network
transmission model, projects hourly Locational Marginal Prices (LMP), and is fully
compliant with the market design specifications of Federal Energy Regulatory
Commission (FERC) Order 2000 and Standard Market Design (SMD).

UPLAN-NPM has been used to accurately simulate and analyze such regional markets
as PJM, New York, New England, MISO, ERCOT and California. The day-ahead market
is simulated in UPLAN by optimizing the commitment of resources for energy and all
ancillary services taking into account transmission and inter-regional constraints. The
commitment and dispatch algorithms incorporate both optimal power flow and resource
scheduling to faithfully simulate the security constraints of a complete transmission
network.
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UPLAN-NPM: Day-Ahead Market Model

UPLAN simulates overall day-ahead market using Security-Constrained Unit
Commitment (SCUC) and Security-Constrained Economic Dispatch (SCED). In the first
step, UPLAN schedules day-ahead resources in appropriate amounts and locations to
meet forecast energy (loads) and ancillary services (reserves) requirements, while taking
into account region-specific operating protocols as well as transmission constraints.
Optimal Power Flow simulation is used to ensure that the final unit commitment can in
fact obey all transmission constraints including line contingencies and generator
outages.

In its determination of optimal unit commitment subject to security constraints, UPLAN
realistically characterizes generators’ market participation based on opportunity or
marginal cost-based bidding, with arbitrage, which is simulated via a state-of-the-art
multi-commodity Nash equilibrium algorithm.

For SCED, the OPF simulation may utilize either DC or AC power flow, and the system
will be optimally re-dispatched to manage congestion while obeying transmission
constraints such as line thermal limits, including use of post-contingency analysis for all
specified contingencies under which the dispatch is required to remain secure. The two
steps described above work interactively to realistically simulate day-ahead energy and
ancillary service markets.

Integrated Market Simulation Features

Day-Ahead Security Constrained Unit Commitment process and Security
Constrained Economic Dispatch

o Congestion management in day-ahead and during dispatch

o Use of transmission constraints and resolve all congestion in the Day
Ahead Markets

o Distributed marginal (or average) losses for unit commitment and
Dispatch
Co-optimization of energy and ancillary services
LMPs for energy at every node and A/S prices at every ISO controlled Zone

Zonal as well as Nodal Model
Risk Management Analysis

Long term volatility for Asset Valuation, Capacity Expansion, and Transmission
Valuation and Capacity Market Simulation

Real time market using short-term volatility
Volatility Model for Greeks and Structural Risk Management

Short and Long Term Generation Forecast

Hourly Energy, Capacity and Ancillary Services Prices and Revenues

Generator Performance, Operation, Starts, Emission, OOM, Hourly Operating
Margins, Costs and Revenues

Long-term Generation Valuation and Real Options
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Capacity Expansion & Retirements, Maintenance

Sample Output — Distribution of LMPs

UPLAN Can be Used for...

Energy (LMP), Capacity and Ancillary Service Prices
Generator Costs, Uplift, Net Operating margin Income
Fuel Consumption

Congestion Cost & Congestion Revenue Rights, Shadow Price
Load Flow, Branch Overload, GSF

Reliability & System Adequacy Analysis

ISO Operations and Tariff Design

Market Power Analysis

New market entry and Capacity Price Forecast
Emission & Forecast Allowance Prices

Volatility, Hedging & Risk Management

Asset Valuations
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Functional Components of UPLAN Integrated System

To address various business and regulatory issues in the evolving environment, the
UPLAN system seamlessly integrated a number of models and databases.

- Maintenance
Volatility Merchant Plant Scheduler Network

Model .
Sl Model Reduction

Assessment in
Short and
Long-Run

For Optimal

For Optimal Scheduling of Model
Cap}a‘cny Generator For Bu_s
Additions Maintenance Reduction

UPLAN PLATO

Integrated
MS SQL Server Based
SUCU and SCED Relational

Market Simulation Database
Model

L CG Consulting

4962 El Camino Real, Suite 112, Los Altos, CA 94022
Tel: (650) 962-9670 / Fax: (650) 962-9615
URL: http://www.energyonline.com
Email: Info@energyonline.com
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