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EXECUTIVE SUMMARY

The new Ketchikan Aquatic Center will have nearly eight (8) times the annual heating energy demand of
an office building due to pool heating and natatorium ventilation demands. With fuel oil prices rising,
Architects Alaska Inc. and their Mechanical-Electrical-Plumbing (MEP) consultant AMC Engineers was
asked to evaluate two primary alternative energy options: Wood fired boilers (bio fuel) and Ground
Source Heat Pumps (GSHP). This report discusses the economics of these two alternatives, plus the
option of electrically heated boilers, and an innovative new alternative (Alternative 3) identified by AMC
Engineers. This new alternative uses Air Source Heat Pumps to extract heat from the pool exhaust air.

All of the options considered are constructible within the building footprint and serve only the new
facility. The idea of a central plant to heat the new Aquatic Center, plus the existing Recreational Center,
Valley Park Elementary School, and the nearby Maintenance Building was considered, but not pursued.
High costs for a central plant would constitute a major capital project of its own and site development
issues are not compatible with the scope, schedule, and objectives of the new Aquatic Center project.

A 25 year life cycle cost analysis for the six options considered produced the following results:

Present Worth Costs for Study Alternatives

Construction Life Cycle Total Rank Order
First Cost Operating Cost ~ Present Worth Cost  Lowest Cost = 1
Base Case $623,000 $7,328,000 $7,951,000 6
(3) Oil Boilers (Lead/Lag/Standby)
Base Case — Variation 1 $584,000 $5,119,000 $5,703,000 4

One Electric Boiler (Lead)
Two Fuel Oil Boilers (Lag/Standby)

Base Case — Variation 2 $564,000 $5,096,000 $5,660,000 3
Two Electric Boilers (Lead/Lag)
One Fuel Qil Boiler (Standby)

Alternative 1 $2,115,000 $3,847,000 $5,962,000 5
One Wood Boiler (Lead)
One Electric Boiler (Lag)
One Fuel Qil Boiler (Standby)

Alternative 2 $3,629,000 $1,876,000 $5,505,000 2
One Ground Source Heat Pump (Lead)
One Electric Boiler (Lag)
One Fuel Oil Boiler (Standby)

Alternative 3 $1,458,000 $3,118,000 $4,576,000 1
Two Exhaust Air Heat Pumps (Lead)
One Electric Boiler (Lag)
One Fuel Qil Boiler (Standby)

Alternative 3 is recommended. This will require an increased project budget of $835,000 but will save
$3,375,000 over the 25 year study life of the project compared to the Base Case of three oil fired boilers.

The choice of installing an oil fired boiler or going all electric should be considered in conversations with
KPU Electric and/or SEAPA. The most conservative choice is to maintain a secondary energy source, but
construction costs would be reduced by approximately $100,000 in an all electric system.
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INTRODUCTION

Purpose and Scope of this Study

The Ketchikan Gateway Borough voters approved a $23,500,000 bond issue to build a new 35,000 square
foot Aquatic Center to replace the forty year old Mike Smithers’ Community Pool. This new natatorium
will adjoin the existing Gateway Recreational Center and will include two pools (Competitive and
Recreational), two water slides, plus locker rooms, a viewing area, and supporting spaces. The Ketchikan
Gateway Borough selected Architects Alaska Inc. to design the new facility, with AMC Engineers to
design the mechanical, electrical and plumbing systems. The mechanical design includes all of the
heating systems for the project.

Swimming Pools are notorious consumers of energy. The combined surface area of the two swimming
pools is nearly 10,000 square feet of water, heated between 80 and 90 degrees F. Left unventilated the
relative humidity in the Natatorium would reach nearly 100% and the building walls and windows would
be wet with condensation. Additionally, the sanitizer used to keep the water clean is chlorine based,
which ultimately results in chlorine odor in the air. To keep the humidity in check and the air quality
acceptable it is necessary to continuously ventilate with outdoor air 24 hours a day, 365 days a year.
Heating the pool water and ventilating the space is a major expense, which accounts for nearly 75% of the
annual heating energy demand for the Aquatic Center. Heating domestic hot water for showers accounts
for another 12% of the annual heating energy demand. The remaining 13% is the heating energy
associated with a normal building of this size. In round terms, this new Aquatic Center will have nearly
eight (8) times the annual heating energy demand of an office building with a similar floor area.

The majority of buildings in Southeast Alaska are heated with fuel oil, which has historically been the
lowest cost heating energy. Rising fuel oil prices, unstable world oil markets, and increasing awareness of
renewable energy options have created interest in heating alternatives. To this end, AMC Engineers was
asked to evaluate two primary alternative energy options: Wood fired boilers (bio fuel) and Ground
Source Heat Pumps (GSHP). This report discusses the economics of these two alternatives, plus the
option of electrically heated boilers, and an innovative new alternative identified by AMC Engineers.
This new alternative uses Air Source Heat Pumps to extract heat from the Natatorium exhaust air system.
The ultimate purpose of this analysis is to determine the lowest ownership cost option for the facility.

Alternatives not pursued

The opportunity for this study was greeted with great enthusiasm, and several very appealing creative
ideas quickly surfaced. For example, the thought of building a wood fired boiler plant inspired the
concept of creating a central plant to heat the new Aquatic Center, plus the existing Recreational Center,
Valley Park Elementary School, and the nearby Maintenance Building. Variations included heating both
the new building and the existing recreation center together, and permutations of the above. The same
central heating concept also applies to the Ground Source Heap Pump Alternative.

There are several economic impediments to these central plant concepts when compared to staying within
the confines of the Aquatic Center project. First is the realization is that each of the existing buildings
already has an existing heating system with a significant remaining useful life, the value of which must be
accounted. Next is the very significant cost of piping between buildings and the associated heat loss and
pumping costs. Additionally, there is the cost of constructing a new standalone plant building on an
already constrained site. In total, the higher costs for a central plant would constitute a major capital
project of its own. Considering the scope, schedule, and objectives of the new Aquatic Center project it
became clear that the first step is to evaluate the merits of each alternative within the context of the
project at hand. Consequently, all of the options considered in this report are conceived to be
constructible within footprint of the new building and serve only the new facility.
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ALTERNATIVE ENERGY ANALYSIS

Approach

The analysis compares the 25-year life cycle cost of using fuel oil, electricity, and/or biomass to heat the
pool. The evaluation of each option and alternative considers first costs, operating costs, and provides an
estimate of the overall Present Worth (Present Cost) for each alternative. As part of the evaluation we
corresponded with many interested parties and stakeholders in Ketchikan by telephone and email to
gather information and better understand the opportunities available and the current costs of systems and
energy. Without exception we received outstanding encouragement and support from everyone we
contacted.

The Present Cost is the total amount of money that it would cost to purchase today all of the goods and
services that would be spent over the next 25 years for the option considered. The goal is to find the
lowest Present Cost. This is determined by summing the net present value of First Costs and Operating
Costs including energy, maintenance labor, materials and anticipated contract services, midcourse
replacement costs, and final salvage values.

The energy sources are evaluated in the following options for the heating the facility:
Base Case: Three oil-fired boilers (lead, lag, standby)
Base Case — Variation 1: One electric boiler (lead) and two fuel oil boilers (lag, standby)
Base Case — Variation 2: Two electric boilers (lead and lag) and fuel oil boiler (standby)
Alternative 1: One biomass boiler (lead), one electric boiler (lag), and fuel oil boiler (standby)
Alternative 2: One ground source heat pump (lead), one electric boiler (lag), and one fuel oil boiler (standby)

Alternative 3: Two pool exhaust air heat pumps (lead), one electric boiler (lag), and one fuel oil boiler (standby)

Heating System Options

Base Case: Three Oil-fired Boilers (Lead/Lag/Standby)

This heating system consists of three equal-sized fuel oil boilers operating in a lead/lag/standby
configuration with modulating burners. The lead boiler operates continuously to heat the pool and
building and the lag boiler operates during peak heating loads. The standby boiler provides redundancy
and added heating capacity when filling the pools. Under the majority of operating conditions only one
boiler is required. The oil boilers are supported by a 7,500 gallon aboveground fuel oil tank.

Base Case — Alternative 1: One Electric Boiler (Lead) and Two Fuel Qil Boilers (Lag/Standby)

This heating system consists of one electric boiler operating as the lead and two fuel oil boilers operating
as lag/standby. The lead electric boiler operates continuously to heat the pool and building and the lag
fuel oil boiler operates during peak heating loads for domestic hot water (showers) and cold weather. The
standby fuel oil boiler provides redundancy and added heating capacity for filling the pools. The system
can be operated so the fuel oil boilers are lead/standby, offering energy flexibility. The oil boilers are
supported by a 4,000 gallon aboveground fuel oil tank.

Base Case — Alternative 2: Two Electric Boilers (Lead/Lag) and One Fuel Oil Boiler (Standby)

This heating system consists of two electric boilers operating as lead/lag and one fuel oil boiler operating
as standby. The lead electric boiler operates continuously to heat the pool and building. The lag electric
boiler operates during peak heating loads. The standby fuel oil boiler provides redundancy and the
opportunity for fuel source flexibility and added heating capacity for filling the pools. The system can be
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operated so the fuel oil boiler is lead, offering energy flexibility. The oil boiler is supported by a 4,000
gallon aboveground fuel oil tank.

Alternative 1: One Wood Boiler (Lead), One Electric Boiler (Lag) and One Fuel Oil Boiler (Standby)

This heating system consists of one wood pellet boiler operating as lead, one electric boiler operating as
lag, and one fuel oil boiler operating as standby. The lead biomass boiler operates continuously to heat the
pool and building. The electric boiler operates during peak heating loads for domestic hot water (showers)
and cold weather. The standby boiler provides redundancy and added heating capacity for filling the
pools. The system offers energy flexibility as any boiler can be operated as the lead boiler.

The pellet boiler system preliminarily includes the boiler, a large wood pellet storage silo, a feed auger to
move pellets to the boiler, and a pneumatic ash blowdown system and collection system. The wood
heated water is circulated to a large heating storage tank which acts as a buffer to prevent thermal shock
of the boiler. The other two boilers interface with the wood fired boiler through this tank. The oil boiler is
supported by a 4,000 gallon aboveground fuel oil tank.

Alternative 2: One Ground Source Heat Pump (Lead), One Electric Boiler (Lag), and One Fuel Qil
Boiler (Standby)

This heating system consists of one ground source heat pump coupled to a vertical well loopfield, one
electric boiler operating as lag, and one fuel oil boiler operating as standby. The lead heat pump operates
continuously to heat the pool and building and the lag electric boiler operates during peak heating loads.
The standby boiler provides redundancy and added heating capacity for filling the pools. The heat pump
will offer the lowest heating energy costs, but the system offers energy flexibility as any boiler can be
operated as the lead boiler.

The ground source heat pump system preliminarily consists of an array of closed-loop vertical boreholes
connected to a water-to-water heat pump. The loopfield will require 120 boreholes, each 6” in diameter
and 333’ deep. The boreholes will be spaced 20’ apart with a 3/4” HDPE pipe loop in each bore. The
loopfield is sized at an estimated heat transfer rate of 400 lineal feet of borehole per ton of heating based
on experience with recent projects in Juneau. An anti-freeze solution circulates through the loopfield,
gaining heat from the ground that is then transferred to the heat pumps. A thermal conductivity test is
essential to verify and optimally size the loopfield. The cost of this is included in the cost estimate.

The heat pump is a commercial-grade chiller unit specifically manufactured for heating applications. The
heated water is stored in a heating storage tank from where it is supplied to the building. The heating
supply temperature is 115°F rather than 190°F for boilers, so heating coils and pool heat exchangers will
need to be larger to transfer the same amount of heat. Additionally, either electric or oil heat will be
required for domestic hot water heating, which requires 140°F water storage.

It is estimated that the ground source heat pump will extract 1.7 BTUs of heat from the ground for each
BTU of purchased electricity. The system would be configured to maximize heat production of the heat
pump with supplemental heat supplied by whichever boiler has the lowest energy cost. The analysis is
based on the electric boiler operating as the lag heating source. The oil boiler is supported by a 4,000
gallon aboveground fuel oil tank.

Alternative 3: Two Pool Exhaust Air Heat Pumps (Lead), One Electric Boiler (Lag), and One Fuel
Oil Boiler (lag)

This heating system uses two water-to-water heat pumps to extract heat from the pool exhaust air. Heat is
transferred to the hydronic heating loop that heats the building and pools. The heat recovery heat pumps
extract 1.7 BTUs of heat for each BTU of purchased electricity. Additional heat is supplied by one
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electric boiler operating as lead and one fuel oil boiler operating as lag. The lead heat pumps operate
continuously to heat the pool and building and the lag electric boiler operates when required to
supplement the heat recovery system. The standby boiler provides redundancy and added heating capacity
for peak loads, heating domestic hot water and filling the pools. The heat pumps will offer the lowest
heating energy costs, but the system offers energy flexibility as any boiler can be configured as the lead
boiler.

Each heat pump is a commercial-grade chiller unit specifically manufactured for heating applications. The
heated water is stored in a heating storage tank from where it is supplied to the building. The heating
supply temperature is 115°F rather than 190°F for boilers, so heating coils and pool heat exchangers will
need to be larger to transfer the same amount of heat. Additionally, either electric or oil heat will be
required for domestic hot water heating, which requires 140°F water storage. The oil boiler is supported
by a 4,000 gallon aboveground fuel oil tank.

METHODOLOGY

The heating options are evaluated using life cycle cost analysis which compares the construction,
maintenance, and energy costs over a 25-year period.

Economic Factors
The following economic factors are used in the analysis:

Discount Rate: Set at 5%, this is the nominal rate of return on an investment, without regard to inflation. (Note that within the
range 3.25% to 5.5% the rank order of the outcomes is not affected by this rate).

Inflation Rate: Set at 2%, which is the rate currently assumed by KGB. This is the average nominal inflationary change in
prices over time.

Real Discount Rate: Set at 1.9%, which is a calculated value derived from the discount rate and the inflation rate. The actual
rate of return with regard to inflation.

Energy Inflation Rates: These vary by commodity are discussed below.

Economic Period: Set at a 25-year economic period with the first full year of operation beginning in 2013.

Energy Sources and Costs

Fuel Oil

The Borough currently purchases fuel under contract with Anderes Oil. The heating oil price is based on
the OPIS (Qil Price Information Service) bulk price plus a markup for delivery at a flat rate per gallon.
The study uses a current average price of $2.60 per gallon delivered based on an average spot price of $80
per barrel and delivery markup, with an increase for barge service reflecting the change to double hull
barges.

The U.S. Department of Energy’s Energy Information Agency (EIA) currently predicts a range of
nominal oil distillate price inflation from 1% to 6% over the next 25 years. The EIA has historically
under-predicted fuel oil inflation. From 1992 to 2006, the average price inflated at 6.3% per year.
Between 2006 and 2008, prices increased at 31% per year, then decreased at 18% per year. Since 2008
when prices stabilized, oil price inflation has been averaging 6% per year.

It is assumed that historic inflation rates are an appropriate measure of future inflation. The analysis is
based on a fuel cost of 2013 cost of $2.92 per gallon with fuel oil inflation of 6% per year.
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Electricity

Electricity is supplied by Ketchikan Public Utilities (KPU), a municipality-owner utility under their
Commercial General Service Rate. The rate includes energy charges, demand charges, and a diesel
surcharge for supplemental diesel generation. Allowing for diesel surcharges and demand charges, a
combined rate of $0.1112 / kWh was assumed for the evaluations.

Electricity -Commercial General Service — Schedule C

Component Charge (¢/kWh)
Energy 8.97
Diesel Surcharge, per kWh 1.75
Demand Charge 0.40
Total Energy Charge, per kWh 11.12

1. Demand charge of $2.91per kWh prorated over the number of hours in a month

KPU generates some hydroelectric power, but purchases the majority of its power from the Southeast
Alaska Power Agency (SEAPA), which operates the Swan Lake and Tyee Lake hydroelectric projects.
SEAPA currently has a hydroelectric surplus which affords the flexibility to manage reservoirs in a
manner to minimize diesel supplementation. SEAPA is in a unique position where rising revenues from
load growth attributed to electric heat conversions and expiring debt offers the flexibility to invest in new
hydroelectric generation. SEAPA states that they are well-poised to construct additional hydropower
ahead of load without raising electric rates. This scenario makes it likely that electricity will be available
at a stable price for the new pool.

Electricity inflation has averaged 0.9% per year since 1990. A rate of 1% per year is used in the analysis.

Biomass

Potential biomass sources include pellets, chips, and cordwood. These sources have significant variations
in heating value and moisture content, which are ultimately important to equipment selection, fuel
requirements, and handling.

Pellets: A manufactured product with closest suppliers in Washington, Oregon, and British Columbia. Local companies are
gvaluating going into the pellet business. Benefits of using pellets are:

1. Manufactured to established standards for heating value and moisture content.

2. Sealaska Corporation has committed to supplying pellets to the pool and has set the price
at $2.70 per short ton (2,000 pounds) delivered to the site.

There is confirmed interest by local suppliers to manufacturer pellets at a lower cost.

4. Pellets are comparable to fuel oil and electricity in terms of reliability of supply, prices
are market-based, and the heating systems have similar operating and maintenance
requirements.
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Chips: Locally supplied material consisting of approximately 2”x2"x1/4” wood chips derived from waste wood products,
slash, or whole trees.

1. The Viking Lumber Mill in Craig, Alaska and other local mills are a potential source of
wood chips derived from lumber mill operations.

2. Wood from Southeast Alaska has a high moisture content. The chips must be seasoned or
dried prior to burning.

3. The chips must meet quality specifications for chip size and moisture content. Chips that
are too large can jam the feeder, too small and they inhibit combustion, too wet and they
can freeze to the storage bin and reduce heating output.

4. Pound per pound, chips take more volume than pellets. This requires a larger storage bin
and more frequent deliveries.

5. A supplier must be found that can dependably deliver 800 short tons per year with a peak

monthly requirement of up to 100 short tons. A short ton is 2,000 pounds.

Cordwood: Locally supplied material consisting of whole or split wood cut to length and diameter.

1. There are no automatic feeding systems for cordwood. As such, cordwood is traditionally
suited for much smaller heating systems.

2. The heat and moisture content of cordwood varies by lot, which affects the firing rate.

3. Handling costs would be high because there are no automatic feed systems.

This study is based on the use of wood pellets as the bio-mass energy source.

Pellets are currently a superior source for large biomass heating systems in this size range. They can be
initially imported from established suppliers at market-based prices. There is a potential for local
manufacture of pellets to further reduce costs. Sealaska Corporation has committed to develop a
distribution network that will deliver pellets to the building, similar to the keep-full system used by oil
suppliers. This provides a biomass source that should be as reliable and consistent as fuel oil and
electricity.

A pellet heating system can be designed for a future conversion to a chip system if planned in advance.
This may be beneficial if a lower cost, local supply of chips comes available.

There is no historic data on inflation of wood pellets in Southeast Alaska. Pellet inflation in British
Columbia has historically averaged less than 1% per year. At the recommendation of Sealaska
Corporation, the analysis inflates wood pellets at 2% per year to take into account the higher imbedded
energy in pellets transported (and possibly manufactured) in Southeast Alaska.
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The following table compares the cost of heating energy in

net BTUs per dollar of cost for each energy

source over the 25-year analysis period. Each energy source offers less BTUs per dollar in later years as

the price increases with energy inflation.
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The chart shows that a heat pump will supply the most BTUs per energy dollar over the analysis period.
This is predominately because the heat pump has a high conversion efficiency that allows it to supply 2.7
BTUs for each BTU of purchased electricity. A wood boiler produces the next highest number of BTUs
per dollar due to the relatively low cost of pellets and low inflation. Initially, a fuel oil boiler produces
more BTUs per dollar than an electric boiler, but higher fuel oil inflation causes it to drop below the
electric boiler in 2016. The above discussion is based on the energy inflation assumptions listed

previously.

The chart also illustrates how energy inflation reduces the number of BTU per dollar over time. Higher
inflation has a greater impact on future wood boiler (2%) and fuel oil boiler (6%) energy costs than it

does on electric boiler energy costs (1%).
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Summary of Criteria
The following tables summarize the economic and energy criteria used in the analysis.

Ketchikan Gateway Rate Comments

Borough Costs

Discount Rate 5.0% (Nominal)

Monetary inflation 2.0% (Inflation) KGB current value F

Discount Rate 2.9% (Real) Real= (1+Nominal)/(1+Inflation) -1

In-house Labor $50.00 per hour Fully loaded maintenance rate

Owner & A/E Soft Costs 20% Includes Administration, Project
Management, Design and CA

Project Contingency 5% Allowance for unforeseen events

Energy Costs (2009) Rate Information Resource

Qil $2.60 per gallon Anderes Oil 1

Electricity $0.1112 per kWh average, Ketchikan Public Utilities Electric

including diesel surcharge Division t1f
and demand charges

Wood Pellets $270.00 per 2000 lbs Sealaska Corporation 11

Energy Cost Inflation Rate (Next 25 years) Information Resource

Fuel Oil 6.0% (nominal) US Energy Information Agency

Electricity 1.0% (nominal) KPU Electric actual 0.9% annual
price rise since 1990

Wood Pellets 2.0% (nominal) Per Sealaska

t Mike Houts, KGB Finance Director

Ei Dave Anderes, President Anderes Qil, Inc.

It Gregory Fast, KPU Electric Journeyman Meterman

Tttt Wade Zammit, President & CEO Sealaska Corporation
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LIFE CYCLE COST ANALYSIS

Heating Options
The analysis compares the primary differences between the heating equipment for each option — fuel oil
boiler, electric boiler, or heat pump.
Base Case: Three Qil-fired Boilers (Lead/Lag/Standby)
This option uses three fuel oil boilers to heat the building. The primary components are:
Three 1,700 MBH fuel oil boilers

7,500 gallon aboveground fuel tank

Primary pumps, appurtenances, and controls for each boiler

Base Case — Variation 1: One Electric Boiler (Lead) and Two Fuel Oil Boilers (Lag/Standby)

This option uses one electric boiler and two fuel oil boilers to heat the building. The primary components
are:

One 520 kW electric boiler with multiple stages for demand control
Two 1,700 MBH fuel oil boilers

4,000 gallon aboveground fuel tank

Larger capacity electric service for electric boiler

Primary pumps, appurtenances, and controls for each boiler

Base Case — Variation 2: Two Electric Boilers (Lead/Lag) and One Fuel Oil Boiler (Standby)

This option uses two electric boilers and one fuel oil boiler to heat the building. The primary components
are:

Two 520 kW electric boiler with multiple stages for demand control
One 1,700 MBH fuel oil boilers

4,000 gallon aboveground fuel tank

Larger capacity electric service for electric boiler

Primary pumps, appurtenances, and controls for each boiler

Alternative 1: One Wood Boiler (Lead), One Electric Boiler (Lag) and One Fuel Qil Boiler (Standby)

This option uses one electric boiler and two fuel oil boilers to heat the building. The primary components
are:

One 540 kW Viessmann Pyrot wood boiler

One 520 kW electric boiler with multiple stages for demand control
One 1,700 MBH fuel oil boiler

4,000 gallon aboveground fuel tank

Larger capacity electric service for electric boiler

Primary pumps, appurtenances, and controls for each boiler
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Alternative 2: One Ground Source Heat Pump (Lead), One Electric Boiler (Lag), and One Fuel QOil
Boiler (Standby)

This option uses one ground source heat pump coupled to a vertical loopfield, one electric boiler and one
fuel oil boiler to heat the building. The primary components are:

One 1,200 MBH water-to-water heat pump connected to a loopfield consisting of 120 boreholes, each 333’ deep, with a %4”
HDPE pipe loop in each bore. The loopfield will have four separate circuits so that in the unlikely event of a leak in one circuit,
it can be isolated and repaired while the rest of the loopfield remains in service.

One 520 kW electric boiler with multiple stages for demand control
One 1,700 MBH fuel oil boiler

4,000 gallon aboveground fuel tank

Larger capacity electric service for electric boiler and heat pump

Primary pumps, appurtenances, and controls for each boiler

Alternative 3: Two Pool Exhaust Air Heat Pumps (Lead), One Electric Boiler (Lag), and One Fuel
Oil Boiler (lag)

This option uses two water-to-water heat pumps that extracts heat from the pool exhaust air and supply it
to the building heating loop, one electric boiler and one fuel oil boiler to heat the building. The primary
components are:

Two 840 MBH water-to-water heat pumps connected to a heat recovery coil in the pool exhaust air. The heat pumps extract the
heat and transfer it to the building heating loop.

One 520 kW electric boiler with multiple stages for demand control
One 1,700 MBH fuel oil boiler

4,000 gallon aboveground fuel tank

Larger capacity electric service for electric boiler and heat pumps

Primary pumps, appurtenances, and controls for each boiler

Construction Costs

The following table shows the distribution of construction costs for each heating system, rounded for
clarity. The three alternative energy options require additional investment for heat pump(s), loopfield, or a
biomass boiler, as applicable.

Detailed construction cost estimates are attached in the Appendix. Owner & A/E soft costs and Project
contingency are added in the values below.
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Construction Costs, $K

Base Case Base+Var 1 Base+Var 2 Alternative 1 Alternative 2 Alternative 3

(3) Fuel 0l (1) Electric, (2) Electric (1) Biomass (1) Heat Pump  (2) Heat Pump
(2) Fuel Qil (1) Fuel Ol (1) Electric (1) Electric (1) Electric
Component (1) Fuel Qil (1) Fuel Ol (1) Fuel Qil
Fuel oil Boiler(s) $ 433K $ 290K $ 185K $ 185K $ 185K $185K
Electric Boiler(s) 0K 104 K 188 K 104 K 104K 104 K
Biomass Boiler 0K 0K 0K 1,635 K 0K 0K
Heat Pump(s) 0K 0K 0K 0K 3,150 K 979K
Primary Heating Loop 190 K 190 K 190 K 190 K 190 K $190 K
Total Cost $623 K $584 K $563 K $2,114K $3,629 K $1,458 K

Major Replacement Costs

Cast iron boilers have a service life exceeding the study period, but electric boilers, wood augers, and heat
pumps have a statistically shorter life and must replaced before the end of the 25 year period.

Mid-Study Period Major Replacement Costs, $K

Base Case Base+Var 1 Base+Var 2 Alternative 1 Alternative 2 Alternative 3

(3) Fuel 0l (1) Electric, (2) Electric (1) Biomass (1) Heat Pump  (2) Heat Pump
(2) Fuel Qil (1) Fuel Qil (1) Electric (1) Electric (1) Electric
Component (1) Fuel Ol (1) Fuel Qil (1) Fuel Ol
Electric Boiler(s) 0K 65 K 124K 65 K 65 K 65 K
Wood Augers 0K 0K 0K 67 K 0K 0K
Heat Pump(s) 0K 0K 0K 0K 315K $581 K
Total Cost $0K $65 K $124 K $132 K $380K $646 K

Salvage Value

The major equipment with a remaining useful life was assigned a salvage value based on straight line
depreciation of the material only cost.

Maintenance Costs

Annual maintenance requirements for the different heating system are estimated as follows:

Fuel Qil Boiler: 50 hours plus a contracted burner tune-up every five years ($3,000)

Electric Boiler: 12 hours

Wood Boiler: 120 hours which includes two day-long shutdowns per year and 2 hours per week to remove ash and check the
boiler and augers. The wood boiler maintenance cost assumes the KGB will have in-house expertise to maintain the

equipment.

Heat Pump: 24 hours plus a contracted annual tune-up ($4,500)
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Energy Profile for the New Building

On average, the total heating energy usage for the building is shown in the table below, based on average
monthly weather data published by ASHRAE and the conceptual energy model for the building
developed using ASHRAE algorithms. Weather bin data for Ketchikan is not available, but even so this
refinement would not change the outcome of this study.

Total Annual Heating Load

(kBtu/year)
Building Envelope & Normal Ventilation 1,970,000 13 %
Domestic Hot Water 1,750,000 12 %
Pool Water Heating 6,080,000 40 %
Natatorium Ventilation 5,340,000 3%
Total Heating Energy (without heat recovery) 15,140,000 100 %

Energy Profile for the Study Alternatives

A fair comparison requires that all alternatives are evaluated against the same benchmarks. Because the
Heat Pump alternatives produce heating water at only 115°F, they cannot be used for domestic hot water
heating to 140°F. Domestic hot water is common to all options, so removing this load enables an
uncomplicated comparison without affecting the rank order of the results.

Another consideration is the method of heat recovery from the natatorium exhaust air system. The base
case design includes a run around loop (run around coil) heat recovery system that uses pumped glycol to
transfer heat from a coil in the exhaust air to a coil in the outside air supply for the natatorium. This
saves approximately 4,270.000 kBtu/year (28% of total energy) and must be accounted when evaluating
the various heating system options.

The basic benchmark for comparisons is 9,115,000 kBtu/year. This is the Total Annual Heating Load
less the Domestic Hot Water Load, less the Run around Loop Heat Recovery energy saved. There is one
exception: the Air Source Heat Pump option which extracts heat from the natatorium exhaust air. Since
the Air Source Heat Pump system supplants the run around loop heat recovery system, it must be
evaluated with full consideration of that energy. The benchmark for the Air Source Heat Pump is
13,390,000 kBtu/year.

Benchmark Annual Heating Load for Study Alternatives

Study Case Base Case all Ol
Variation 1 Electric  Variation 2 Electric
Alternative 1 Wood  Alternative 2 GSHP Alternative 3: ASHP

Building Envelope & Normal Ventilation 1,970,000 1,970,000
Domestic Hot Water 0 0
Run around loop heat recovery (4,270.000) 0
Pool Water Heating 6,080,000 6,080,000
Natatorium Ventilation 5,340,000 5,340,000
Total Heating Energy (crediting heat recovery) 9,115,000 kBtu/year 13,390,000 kBtu/year
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Energy Consumption and Costs

Each heating system offers the flexibility to operate using a secondary energy source. The following table
shows how the energy analysis allocated the heating load and compares the annual energy costs.

Annual Energy Use and Costs for Study Alternatives

Fuel Oil Electricity Pellets Annual Life Cycle
(gallons) (MWh) (tons) Cost (2013)  Energy Cost
Base Case 86,580 - - $268 K $7,169 K
(3) Oil Boilers (Lead/Lag/Standby)
Base Case — Variation 1 1,300 2,740 - $318 K $4,983 K

One Electric Boiler (Lead)
Two Fuel Oil Boilers (Lag/Standby)

Base Case — Variation 2 1,300 2,740 - $318 K $4,983 K
Two Electric Boilers (Lead/Lag)
One Fuel Qil Boiler (Standby)

Alternative 1 - 42 720 $211K $3,627 K
One Wood Boiler (Lead)
One Electric Boiler (Lag)
One Fuel Qil Boiler (Standby)

Alternative 2 1,300 974 - $115K $1,841K
One Ground Source Heat Pump (Lead)
One Electric Boiler (Lag)
One Fuel Qil Boiler (Standby)

Alternative 3 1,300 1,430 - $166 K $2,630K
Two Exhaust Air Heat Pumps (Lead)
One Electric Boiler (Lag)
One Fuel Qil Boiler (Standby)

The heat pump systems have considerably lower annual and life cycle energy costs. The ground source
heat pump system has lower energy costs because it incorporates exhaust air heat recovery at lower
energy costs. While the exhaust air heat pump system was not analyzed with an exhaust air heat recovery
system, an optimization analysis may determine that a heat recovery loop will reduce energy costs and
decrease installed heat pump capacity.

Domestic Hot Water Only - Annual Energy Use and Costs

Fuel Qil Electricity Pellets Annual Life Cycle

(gallons) (MWh) (tons) Cost (2013)  Energy Cost
Domestic Hot Water (heated by oil) 16,600 $52K $1,378K
Domestic Hot Water (heated by electricity) 535 $61 K $951 K

Costs are provided above for heating domestic hot water with either oil or electricity. Domestic hot water
heating costs can be added to the Annual Energy Use and Costs for Study Alternatives to estimate the
total heating energy under each alternative.
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Present Worth Analysis

Present Worth Costs for Study Alternatives

Construction Life Cycle Total Rank Order
First Cost Operating Cost ~ Present Worth Cost ~ Lowest Cost = 1
Base Case $623,000 $7,328,000 $7,951,000 6
(3) Oil Boilers (Lead/Lag/Standby)
Base Case — Variation 1 $584,000 $5,119,000 $5,703,000 4

One Electric Boiler (Lead)
Two Fuel Oil Boilers (Lag/Standby)

Base Case — Variation 2 $564,000 $5,096,000 $5,660,000 3
Two Electric Boilers (Lead/Lag)
One Fuel Oil Boiler (Standby)

Alternative 1 $2,115,000 $3,847,000 $5,962,000 5
One Wood Boiler (Lead)
One Electric Boiler (Lag)
One Fuel Qil Boiler (Standby)

Alternative 2 $3,629,000 $1,876,000 $5,505,000 2
One Ground Source Heat Pump (Lead)
One Electric Boiler (Lag)
One Fuel Qil Boiler (Standby)

Alternative 3 $1,458,000 $3,118,000 $4,576,000 1
Two Exhaust Air Heat Pumps (Lead)
One Electric Boiler (Lag)
One Fuel Qil Boiler (Standby)

CONCLUSIONS
Economically, the best alternative is the one with the lowest Present Worth Cost.

Alternative 3 (Air Source Heat Pumps) is the best value and will save nearly $3.375 million over the
study life of the project compared to the Base Case. This option can be accomplished within the confines
of the project footprint and does not require a loop field or site work other than a larger electrical
transformer and feeders to the building. The next lowest Present Worth Cost is Alternative 2 (Ground
Source Heat Pump), but it offers very little advantage over an electric boiler system (Variation 2).

Alternative 3 is a creative variation on the ground source heat pump; it simply uses the exhaust air from
the natatorium as the energy source instead of the ground. Pool dehumidifiers with direct expansion heat
pumps are commonly used outside of Alaska, but they are typically packaged units that are limited in
their configuration and application. The innovative part of Alternative 3 is that it uses a water chiller and
transfers the heat directly the building hydronic heating system. All of the heat available can be captured
and used elsewhere without the constraints of a packaged system. If this idea has been used elsewhere it
is obscure. Alternative 3 surfaced during the evaluation of the other options and would likely have been
missed if KGB had not commissioned this study. In short, this is an unexpected and very welcome
outcome.

Ketchikan is a primary fuel distribution point for Southeast Alaska and enjoys the lowest fuel oil costs in
the region. At today’s cost, fuel oil is the lowest cost source of heating energy currently delivered when
fired in conventional appliances. At today’s cost, electricity only becomes attractive for heating when
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AMC Engineers

Adams, Morgenthaler and Company, Inc.

Value-Added Engineering Services
Ketchikan Aquatic Center

Project Name:
Project Number:

10803 KETPOOL

701 E. Tudor Road, Suite 250
Anchorage, Alaska 99503

907.257.9100
Fax 907.257.9191

WWW.amc-engineers.com

Engineer: Boyd Morgenthaler, P.E. Printed: 12-Jun-10
Checked: Jim Rehfeldt, P.E.
Input date: 12-Jun-10 File: X:\10803 KETPOOL\Alt Energy Studies\INPV calc all Alts\[NPV Calc all Alts.xls]Btuper$
Fuel Source Price Comparison
Heat Pump
Fuel Electricity Electricity Oil Wood Pellets
Bulk Price 0.0897 $ 0.0897 $ 260 $ 270
Unit kw kw Gal 2,000 Ibs
Diesel Surcharge 0.0175 $ 0.0175
kw kw
Demand Charge 291 $ 291
Per month kwD kwD
Hours per month 720 720
Ave $/kW for kWD 0.0040 $ 0.0040
Price 0.1112 $ 0.1112 $260 $ 0.14
Unit kw kw Gal Ib
Gross HV (BTU) 3,414 3,414 138,000 8,250
BTU/KW BTU/KW BTU/Gal BTU/Ib dry
Moisture Content 5%
Btu Available 3,414 3,414 138,000 7,838
BTU/KW BTU/KW BTU/Gal BTU/Ib wet
Latent Heat (8,694) (59)
Lower HV 3,414 3,414 129,306 7,779 Btu/lb LHV
15,558,000 Btu/Ton LHV
COP
Firing Efficiency 96% 270% 81% 81%
Net useful Btu/unit 3,277 9,218 104,738 12,601,980
Net BTU/$ 29,462 82,863 40,284 46,674
2.7 COP LHV 5 % Moisture
0.1112 % 0.1112 $ 260 $ 270
Electricity Electricity oil Wood Pellets
Net BTU/Dollar
90,000 82,863
80,000
70,000
60,000
46,674
50,000 40,284
40,000 29,462
30,000
20,000
10,000
Electricity Electricity Qil Wood Pellets
$0.1112 $0.1112 $2.60 $270
2.7 COP LHV 5 % Moisture
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5435 Antioch Drive Synergy Systems

Suite 400
Merriam, KS 66202 A Sealaska Diversity Solution
Aesabd Ketchikan Pool Project
‘ Ventek Budget Proposal KET-210 R1
May 24, 2010

SPECIFICATIONS:

1 - only, Viessmann/ KOB Pyrot 540, 30 PSIG ASME/CSA Biomass Heating System Boiler Plant, c/w
Pyrot Ecotronic Controls and operating panel, remote visualization, automatic ignition, automatic heat
exchanger tube cleaning system, automatic ash removal system, thermal safety valve, safety slide
gate for fuel feed, and accumulator management system. Capacity: Nom. 540 kW or 1,842,480 BTH
output.

1 — only, Boiler Pump

1 — only, Motorized 3-way Mixing Valve

1 - only, Boiler Accessory Spool including relief valve, temperature and pressure gauges, low water
cut-off

"""" 1 —only, 1500 gal Accumulator Tank w/ 5” insulation and metal clad casing
1 - only, De-ashing into Ash Bin 240 L
1 — only, Reserve Ash Container 240 L
1 — only, Pneumatic boiler tube cleaning system
1 —only, Flue gas re-circulation
1 —only, Flue gas |.D. fan
1 — only, Pyrot Ecotronic Control Unit
1 — only, Accumulator management system
1 — only, Automatic ignition system
1 - only, Sluice valve
1 - only, Thermal safety valve
1 — only, In-feed Auger from the pellet silo to the boiler nom.30 feet long c/w drive unit

1 —only, 63 tonne, nominal capacity pellet storage silo.

1 — only metal mesh particulate filter and control system
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