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Section 1

Executive Summary

INTRODUCTION

This report presents a life cycle cost analysis of heating options for the UAS Residence Hall at the
University of Alaska Southeast Campus in Juneau, Alaska. The intent of this analysis is to optimize the
systems for lowest life cycle cost.

The analysis is performed by Jim Rehfeldt, P.E. of Alaska Energy Engineering LLC as subconsultant to
MRV Architects.

The analysis evaluates system options and energy sources for heating the building and domestic hot
water. System options include fuel oil boilers, electric boilers, wood boilers, ground source heat pumps,
and air source heat pumps. [It also evaluates heat recovery from shower and laundry wastewater to
preheat makeup water — to be added]. Energy options include fuel oil, electricity, and wood pellets.

Cost of Heat Comparison

The following chart provides a 20-year heating cost comparison for the different energy sources. The
widening gap between the cost of fuel oil boiler heat and other heating systems is the driver for evaluating
other options.

Electric heat is currently the most expensive and heat pump heat has a much lower heating cost. Over
time energy inflation causes the heating options to shift places. Fuel oil becomes the most expensive
while electric and wood heating costs track closer together. The long-term cost of heat pump heat stays
relatively constant since much of the energy is derived from the environment.
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LIFE CYCLE COST ANALYSIS
Heating Plant Optimization
The following table describes the heating options that are evaluated.

Heating Plant Energy Conservation Measures

ECM Description

Baseline: Dual Fuel Heating Plant Two fuel oil boilers and one electric boiler

ECM 1: Dual Fuel Plant/Off-peak Electric Boiler ~ Baseline dual fuel plant with electric boiler operating only
when the building electric demand is below the monthly peak.

ECM 2: Ground Source Heat Pump System Water-to-water heat pump and an electric boiler. The heat
pump is coupled to a vertical loopfield

ECM 3: Air Source Heat Pump System Three air source heat pumps and an electric boiler.

ECM 4: Wood Pellet Boiler System Wood pellet boiler and electric boiler

Results

The air source heat pump system (ECM 3) has the lowest life cycle cost and makes efficient use of the
valuable hydroelectric resources. The ground source air heat pump system (ECM 2) has the second lowest
life cycle cost. When comparing the air source and ground source systems, the air source heat pump
system has a lower capital cost but has higher maintenance and energy costs.

The factor that contributes greatly to this finding is that a heat pump sized for 30% of the load can supply
75% of the heating requirement. This greatly reduces the capital cost of the systems while supplying most
of the heat. This sizing may be further optimized during design to maximize the economics of the system.

A sensitivity analysis confirms that the air source heat pump system (ECM 3) has the lowest life cycle
cost under all modest energy inflation scenarios. The ground source heat pump system also retains its
position as the second lowest option. For an ECM to be worthy of investment—Ilikely siphoning dollars
from other opportunities—it should overwhelmingly offer a life cycle savings. Both heat pump options
demonstrate this throughout the analysis.

Life Cycle Cost Analysis — Heating Options

Option Construction Maintenance Energy Total % of Baseline
Baseline: Dual Fuel Heating System $550,000 $70,000 $830,000 $1,450,000 -
ECM 1: Dual Fuel/Off-peak Electric Boiler $580,000 $110,000 $1,080,000 $1,770,000 122%
ECM 2: Ground Source Heat Pump System $840,000 $40,000 $340,000 $1,220,000 84%
ECM 3: Air Source Heat Pump System $660,000 $140,000 $350,000 $1,150,000 79%
ECM 4: Wood Pellet Boiler System $740,000 $140,000 $840,000 $1,720,000 119%

Note: Bold indicates lowest life cycle cost

Domestic Hot Water Optimization
To be added.
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SUMMARY
Heating Plant Optimization

A heating system consisting of an air source heat pump or ground source heat pump coupled with an
electric boiler is recommended for the UAS Residence Dorm. The air source and ground source heat
pumps will transfer heat from the environment to the building at an efficiency of 210% and 290%,
respectively.

While the air source heat pump system has a lower life cycle cost and requires a lower investment, the
ground source heat pump systems is also recommended for the following reasons:

e There is no monitoring data that supports the manufacturer’s efficiency claims in Juneau’s unique
climate. The analysis was conservative in predicting performance but actual data is needed for
validation.

e The air source heat pump requires more maintenance, has more moving pieces, and has a shorter
life. While this is accounted for in the economics, the system requires a higher level of care to
ensure performance.

e The outdoor units must be protected from weather and also enclosed to minimize noise. An
enclosure is needed that may affect the aesthetics of the site.

e Ground source heat pump systems are proven in Juneau. Recent design of a loopfield for the
nearby USFS Laboratory provides a high degree of certainty of loopfield sizing and cost.

Domestic Hot Water Optimization

To be added

Conclusion

The recommended systems are compatible with the following desirable criteria for the building:
e The systems reduce long-term energy inflation by harvesting heat from the environment
e The systems efficiently utilize valuable hydroelectric resources

e The systems eliminate greenhouse gas emissions
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Section 2

Introduction

INTRODUCTION

This report presents a life cycle cost analysis of heating options for the UAS Residence Hall at the
University of Alaska Southeast Campus in Juneau, Alaska. The intent of this analysis is to optimize the
systems for lowest life cycle cost.

The analysis is performed by Jim Rehfeldt, P.E. of Alaska Energy Engineering LLC as subconsultant to
MRV Architects.
ENERGY CONSERVATION MEASURES

The intent of this analysis is to determine if there is incentive to invest in energy conservation measures
(ECMs) for heating the building. An energy model was developed for the building using the following
envelope R-values, which are recommended as optimal for the building:

e Walls: R-30
e Windows: Aluminum Storefront R-3.8; Vinyl Windows R-4.5
e Roof: R-55
e Doors: R-3

e Floor Slab: R-10
e Floor Perimeter: R-20
Heating Optimization

The building will be ventilated by heat recovery units serving the residence tower and an air handling unit
serving the common areas. Heat is supplied by radiant floors. The following heating options are
evaluated:

e Baseline — Dual Fuel Heating Plant: The baseline heating system is a dual fuel heating system
consisting of two fuel oil boilers and an electric boiler.

e ECM 1 - Fuel Oil Boiler and Off-peak Electric Boiler: This ECM retains the baseline dual fuel
plant but only operates the electric boiler when the building electric load is less than the monthly
peak.

e ECM 2 - Ground Source Heat Pump System: This ECM heats the building with a ground source
heat pump and an electric boiler.

e ECM 3 - Air Source Heat Pump System: This ECM heats the building with air source heat
pumps and an electric boiler.

e ECM 4 -Wood Pellet Boiler System: This ECM heats the building with a wood pellet boiler and
an electric boiler.
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ECONOMIC FACTORS

The purpose of the feasibility analysis is to compare the life cycle cost of options for heating the building.
The findings are highly sensitive to the economic factors, energy costs, and energy inflation used for the
analysis. While future energy inflation often has the greatest impact, there is no authority for these values.
For this reason, a sensitivity analysis is used where base case, low, and high values for fuel oil, electricity
and wood pellets are evaluated.

The following economic factors are used in the analysis:
e Economic Period: The economic period is set at 25 years with costs based on 2013 construction.

e Nominal Interest Rate: This is the nominal rate of return on an investment, without regard to
inflation. The analysis uses a rate of return of 5%.

e Inflation Rate: The Consumer Price Index has risen at a rate of 2.9% over the past 20-years. The
analysis is based on a 2.9% rate of inflation over the 25-year economic period.
ENERGY COSTS
Fuel Oil
Current Cost
The State of Alaska currently pays $3.29 per gallon for #2 heating oil.
Fuel Qil Inflation

Base Fuel Oil Case: In recent years, fuel oil inflation has been very sporadic, with a decidedly upward
trend in prices. Looking at oil prices over a longer period will smooth out the data and provides a longer-
term assessment of future costs. Using this perspective over the past 25-years, fuel oil inflation has
averaged 6.6% per year. The base case assumes that future fuel inflation will continue at this rate.

High Fuel Oil Case: There is potential for world oil demand to increase due to increased consumption by
developing countries and/or an expanding global economy. Disruption of the world oil supplies could also
affect supply, causing prices to rise. The high case assumes these factors and others could cause fuel
inflation to be higher than the base case at 8% per year.

Low Fuel Oil Case: The U.S. Energy Information Agency predicts fuel oil inflation of 4.8% per year for
the next 25-years. While this reference has historically under-predicted actual fuel oil inflation, it is
possible that future fuel oil inflation may be lower than the base case due to: new technologies that
increase oil field production; new sources such as oil sands; and efficiency gains that reduce global oil
demand. These factors and others could lead to less demand which would result in fuel oil inflation lower
than the base case at 4.8% per year.

Electricity
Current Cost

Electricity is supplied by Alaska Electric Light & Power Company (AEL&P). The building is billed for
electricity use under AEL&P’s Rate 24, Large Government. This rate charges for both electrical
consumption (kwWh) and peak electric demand (kW). Electrical consumption is the amount of energy
consumed and electric demand is the rate of consumption. AEL&P determines the electric demand by
averaging demand over a continuously sliding fifteen minute window. The highest fifteen minute average
during the billing period determines the peak demand. The following table lists the electric charges.
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AEL&P Small Government Rate with Demand

Charge* On-peak (Nov-May)  Off-peak (June-Oct)
Energy Charge per kWh 6.11¢ 5.73¢
Demand Charge per kW $14.30 $9.11
Service Charge per month $99.24 $99.24

Electric Inflation

Over recent history, electricity inflation has been less than 1% per year, lagging general inflation. An
exception is a 24% rate hike in 2011 that was primarily due to construction of additional hydroelectric
generation at Lake Dorothy, which provides the community a surplus of power which should bring
electric inflation back to the historic rate of 1% per year.

However, load growth from electric heat conversions is likely to increase generating and distribution
costs. Increasing fuel oil costs make it inevitable that electric load growth will continue. When the
hydroelectric surplus is depleted, diesel supplementation and/or additional hydroelectric generation will
be needed to supply the load. The combination of these two factors contributes to an assumed electricity
inflation rate of 2.5%.

Wood Pellets

Supply Source

Wood heating of commercial and institutional buildings is increasing in use in the United States, but the
industry is in its relative infancy in Southeast Alaska. Boilers can burn pellets, chips, discs, cordwood,
and hog fuel (chopped wood). Of these energy sources, only pellets are manufactured to known standards
for energy content, moisture levels, ash content, etc.

Premium-grade pellets are currently the only suitable wood energy fuel for the buildings. They are
selected because they are manufactured to known quality standards and are currently commercially
available in Juneau. Sealaska Corporation has a distribution system in place to serve their building as well
as other customers. They purchase pellets from the Pacific Northwest and transport them to communities
in Southeast Alaska. The pellets are then delivered to the buildings. A long-term supply contract is likely
to promote competition by other pellet brokers.

Current Costs
Sealaska has quoted a price of $320 per ton.
Pellet Inflation

The recently released Southeast Alaska Integrated Resource Plan (IRP) lays out a goal to convert 30% of
the fuel oil heating load to wood heating. Unfortunately, the IRP does not provide or reference a market
analysis of future pellet inflation, information that is basic to performing a wood heating analysis or
making a long-term investment in a wood heating boiler.

Research on pellet pricing trends has failed to produce definitive information that can be used in
predicting the rate of inflation in a Southeast Alaska energy analysis. Local pellet production is without
history, with just one Ketchikan pellet mill in production for a few months. At this point, any pricing
should assume pellets will be imported from the Pacific Northwest.

Baseline Case: Historic pellet inflation factored over 20 years has approximated the rate of general
inflation in the U.S. and in Europe, approximately 3%. In the shorter and more recent past (5-7 years)
pellet inflation for some mills has averaged 4.5 to 5 percent. The following examples were found:
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e Tongass Forest Enterprises, Ketchikan: Current contract with Federal Government includes a 5%
per year annual escalation factor.

¢ Manke Lumber, Seattle: Price increases of ~5% over the past 5 years.

e Pellets in New England averaged 4.6% annual increase from 1998-2010. However, Charlie
Neibling of New England Wood Pellet recommends using 3% pellet inflation.

e Case studies reviewed from Oregon, Montana and New England used inflation rates of 3.0 to 4.25
percent.

From our research, a pellet inflation rate between 3% and 4.5% is defensible. This is a wide range that
reflects the lack of independent study that is needed to provide building owners pricing information they
need to evaluate the economics of wood heat. A pellet inflation rate of 3.75% is recommended.

Transportation accounts for half the cost of pellets delivered to Juneau. The fuel surcharge quoted by
Alaska Marine Lines is 20% of the shipping cost. The following calculation uses this breakdown to
determined that the sum of each of these factors returns a delivered inflation rate of 3.7%

Pellet Inflation = 50% of total cost x 3.75% pellet inflation = 1.9%
Transportation (non-fuel) = 80% of 50% of total cost x 2.75% general inflation = 1.1%
Transportation (Fuel) = 20% of 50% total cost x 6.6% oil inflation = 0.7%
Total Pellet Inflation Rate = 3.7%

High Case: If in the near term, pellets and fuel oil inflate at their base case predictions of 4% and 6.6%,
the cost differential between them will increase in the future (see cost of heat comparison below). This
will provide greater incentive to convert to wood heating and the increasing cost difference will give
pellet manufacturers an incentive to raise prices. Other factors that can lead to higher pellet costs are
localized supply reductions that have occurred from time to time. Because this is a regional market the
loss of one major supplier through fire or business shut-down can cause market disturbance. A high case
of 5% reflects these factors.

Low Case: If local pellet mill production develops, with competition, pellet prices for Southeast Alaska
consumers could see a reduction because of reduced shipping costs. Or, if a robust wood products
industry develops in Southeast Alaska, there will be more “low-grade” material that can be made into
pellets. If this were to happen, pellet inflation could remain at the historic inflation rate of 2.9%.

Summary

The following table summarizes the energy and economic factors used in the analysis. A sensitivity
analysis is also provided to determine how modest variations in energy inflation affect the results. The
following table shows the base, high and low case energy inflation that is applied to the analysis.

Summary of Economic and Energy Factors

Factor Rate or Cost Factor Rate or Cost
Nominal Discount Rate 5% Wood Pellets (2013) $332/ton
General Inflation Rate 2.9% Wood Pellet Inflation ~ 2.9%, 3.7% (Base), 5%
Electricity (2013) 10.5¢ per kWh Fuel Oil (2013) $3.51/ gallon
Electricity Inflation 2.5% Fuel Oil Inflation 4.8%, 6.6% (Base), 8%

1. The inflation rates for fuel oil, electricity, and pellets are for the low, base, and high case for each energy source.
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Cost of Heat Comparison

The following chart provides a 20-year heating cost comparison for the different energy sources. The
widening gap between the cost of fuel oil boiler heat and other heating systems is the driver for evaluating
other options.

Currently, electric heat is currently the most expensive, 1% higher than fuel oil heat and 8% more
expensive than wood pellet heat. Heat pump heating, which extracts heat from the environment at high
efficiency, has a much lower heating cost: air source heat pumps supply heat at 41% and ground source
heat pumps at 30% the cost of electric heat.

Over time energy inflation causes the heating options to shift places. Fuel oil becomes the most expensive
while electric and wood heating costs track closer together. The long-term cost of heat pump heat stays
relatively constant since much of the energy is derived from the environment.

$120.00
Cost of Heat Comparison
Electric Inflation @2.5% /
$100.00 Fuel Qil Inflation @ 6.6%
Wood Pellet Inflation @ 3.7%
e Fuel Oil Boiler Heat @ 72% efficiency
$80.00 e Electric Boiler Heat @ 95% efficiency

Pellet Boiler Heat @ 70% efficiency
e Ajr-Source Heat Pump @ 210% efficiency
$60.00 e Ground-source Heat Pump @ 290% efficiency
/
I e

$40.00 — S—

$20.00

$ / MMBtu

$0.00 T T T T T T T T T T T T T T T T T T T !
2013 2015 2017 2019 2021 2023 2025 2027 2029 2031

Year

OPERATING COSTS

Operating costs include maintenance and repair cost—on an annual and intermittent basis—and
equipment replacement costs at the end of its expected service life. The costs are derived from industry
standards for the long-term operation of the systems.
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Fuel Oil Boilers
Maintenance
The following maintenance requirements are recommended:
o Daily: Inspection of heating plant operation; 5 min/day

e Monthly: Check burner and fuel system; Check gaskets for unusual wear, overheating, and
leakage; 1.5 hours.

e Annual: Drain boiler, check interior for scale, clean combustion surfaces, perform combustion
test, remove and clean low water cutoff probe, burner maintenance, replace any leaking elements
or element gaskets; 8 hours.

e Annual Parts Allowance: $150 per year.

For fuel oil boilers that supply supplemental heat to wood boilers or heat pumps, the maintenance
requirements are assumed to be reduced by 50%.

Replacement

A fuel oil boiler has an expected service life of 35 years. The boiler has a salvage value at the end of the
25 year economic period.

Efficiency

Fuel oil boilers have full load combustion efficiency of 85%. Additional losses due to jacket heat loss,
cycling losses, and air flow up the flue cause the seasonal efficiency to be much lower. In addition,
multiple boiler plants have added jacket losses. The seasonal efficiency of the plant was determined to be
72%.

Wood Pellet Boilers

Wood heating plants require increased space for the equipment including the boiler vessel and ancillary
equipment, fuel storage containers, and heating water storage/buffer tank. Wood boilers have more
moving parts and will require additional operational and maintenance time (O&M) over the existing oil-
fired heating plants.

The equipment has a verifiable performance history; most can burn either pellets or chips with fully
automated fuel delivery, and have been installed in existing Alaskan locations. The selected
manufacturers will support their products in Alaska and have manufacturing plants in the United States.

Manufacturers
The following manufacturers are used as the basis of this analysis.
e ACT Bioenergy
e SolaGen
e Messersmith
e Wood Master

e Total Energy Solutions.
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Maintenance

UAS Facilities Services will develop the necessary expertise to maintain the boilers in-house. The
following maintenance requirements are based on ACT Boiler recommended practices.

o Daily: Visual inspection of the boiler; 10 minutes.
e Monthly: Check critical functions, remove ash and clinkers, repairs; 2.5 hours.

e Biannual: Inspections, lubing, burner maintenance, internal critical function checks, possible
equipment replacement; 2x per year, 8 hours.

e Annual Parts Allowance: $250 per year.

Storage Sizing

Pellets are currently delivered in Juneau by Sealaska using a 10 ton truck. Pellet delivery time would be
roughly the same for any load up to the size of the delivery truck so the silo should be sized to take
advantage of the one delivery time for maximum economic efficiency. A reasonable safety factor before
delivery would be 20-30%, so storage silos will be sized between 12-15 tons capacity depending on size
of the boiler.

Boiler Efficiency

Pellet boilers have a full load combustion efficiency of 82% which is a few percent lower than fuel oil
boilers. Data on the seasonal efficiency of pellet boilers could not be found. The units are similar to fuel
oil boilers in terms of firing vessel size and standby losses. It is assumed that replacing a fuel oil boiler
with a pellet boiler will not appreciably change the seasonal efficiency of the heating plant.

Replacement
The wood boiler requires replacement at the end of its expected service life of 18 years.

Ground Source Heat Pumps

Ground source heat pumps utilize a loopfield to extract heat from the ground and transfer it to the
building. For the building, the loopfield consists of vertical pipe loops installed in +300° deep bore holes
that are backfilled with a thermally conductive grout. The pipe loops are connected to horizontal piping
that manifolds the boreholes together and runs to the building room. The loopfield is installed completely
underground and does not impact surface features of the site.

An antifreeze solution flows through the loopfield piping. During heating mode, the relatively warmer
ground transfers heat to the fluid, where it is extracted by the heat pump. The heat pump utilizes a
compressor/condenser cycle to “lift” the ground source heat to 120°F heating water for the building. In
cooling mode, the process works in reverse.

Ground thermal conductivity is an important parameter in sizing a loopfield. A thermal conductivity test
that was performed for the nearby Forest Service Laboratory was used to determine how conductive the
ground is and the rate of recharge. If a ground source heat pump system is preferred, a thermal
conductivity test is recommended to confirm this assumption.

The loopfield is installed completely underground and does not impact the surface features of the site.
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Maintenance
The following maintenance requirements are recommended:
e Daily: Inspection of heating plant operation; 3 min/day

e Monthly: Check heat pump operating parameters; check gaskets for unusual wear and leakage;
0.5 hours.

e Annual: Check refrigerant level and analysis; leak check; clean condenser tubes if fouled; 2
hours.

e Annual Parts Allowance: $250 per year.

Replacement

A water-to-water heat pump has an expected service life of 18 years. The loopfield has an expected
service life of over 75 years.

Air Source Heat Pumps

Aiir source heat pumps transfer heat from/to the ambient air to heat or cool the building. Technology
improvements have made them effective at heating in cold climates and capable of varying their output
with the heating or cooling load. An air-to-water heat pump that produces hydronic heating water is most
readily integrated into the building heating system.

Cold climate heat pumps are not in wide use and there is no historic operating data to assess their real-
time performance in a temperate marine environment. It is prudent to understand the following concerns
when considering air-source heat pump technologies:

e The outdoor unit extracts heat by cooling outside air. This can cause moisture in the air to
condense and freeze on the coil surface. When the frost builds up and restricts air flow, the unit
initiates a defrost cycle that sends heat to the outdoor coil to melt any frost accumulation.
Optimization of defrost operation is essential to maximize equipment efficiency while operating
in our unique maritime climate. While air-source heat pumps are successfully heating buildings in
coastal Alaska, there is incentive to reduce defrosting operation through control strategy
optimization.

e The technology has evolved so that air source heat pumps can efficiently heat, even during cold
weather, but there is no long-term data on the maintenance requirements imposed by our climate
or the actual service life of outdoor units that are harshly exposed to maritime salt-laden air.

e The capability to maintain heat pump systems, both in-house and through local refrigeration
contractors, must be developed. This is true of all heat pumps, but more important for air source
heat pumps that are outdoors and more affected by climate. As the use of these systems
increases—a likely occurrence if current installations are successful—the capability to maintain
them will be developed within our communities.

The heat pump is located outdoors where it is exposed to rain and blowing snow, which can reduce its
performance. The optimum location is within a louvered room which protects the equipment from the
elements and mitigates noise. A successful arrangement is for the heat pump to draw air in through
louvers and then discharged through an exhaust duct to the outdoors.
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Maintenance
The following maintenance requirements are recommended:
e Daily: Inspection of heating plant operation; 10 min/day

e Monthly: Check heat pump operating parameters; check gaskets for unusual wear and leakage,
clean outdoor coils; 0.5 hours.

e Annual: Check refrigerant level and analysis; leak check; clean condenser tubes if fouled; clean
outdoor coils; 2 hours.

e Annual Parts Allowance: $250 per year.

Replacement
The outdoor unit has an expected service life of 12 years.
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Section 3

Heating System Optimization

INTRODUCTION

The heating system optimization evaluates both systems options and energy sources for heating the
building and domestic hot water. System options include fuel oil boilers, electric boilers, wood boilers,
ground source heat pumps and air source heat pumps. Energy options include fuel oil, electricity, and
wood pellets.

HEATING PLANT OPTIMIZATION

Energy Conservation Measures

Baseline: Dual Fuel Heating Plant

The baseline is a dual fuel heating system consisting of two fuel oil boilers sized for 60% and an electric
boiler sized for 100% of the design heating load. The building will be heated with the lowest cost energy
source. Current energy costs and projected energy inflation of 6.6% and 2.5% for fuel oil and electricity,
respectively, indicate that fuel oil will be less expensive for the first two years of operation.

When fuel oil is less expensive, the two 60% boilers operate in a lead/lag configuration to minimize
standby losses. When electricity is less expensive, the electric boiler has numerous stages that operate
only as needed, reducing demand charges.

ECM 1: Fuel Oil Boiler and Off-peak Electric Boiler

This ECM retains the baseline dual fuel plant. The electric boiler is only operated when the building
electric demand is below the monthly peak, so the boiler does not incur additional demand charges. This
reduces the cost of electric heat by 40%. This strategy results in the electric boiler supplying 30% of the
heating load.

ECM 2: Ground Source Heat Pump System

This ECM heats the building with a ground source heat pump sized for 30% and an electric boiler sized
for 100% of the design heating load. This sizing was chosen as optimal because it optimizes the operation
of the heat pump while allowing the loopfield to fit within the project site.

The heat pump will supply 75% of the heating load with the electric boiler supplementing during cold
weather. The heat pump operates at a seasonal efficiency of 300%. The net efficiency, after accounting
for loopfield pumping, is 290%.

Optimal sizing of the loopfield during design can be based on a ground thermal conductivity test that was
recently performed for the nearby Forest Service Laboratory. It is likely that the test is representative of
the conditions at the project site. The USFS loopfield was sized for 390 lineal feet of borehole per ton of
heating. To determine the feasibility of a ground source heat pump system, the following assumptions
were used:

o Loopfield sizing of 400 lineal foot of borehole per ton (12,000 Btuh) of heat.

e The loopfield cost is based on installation of the loopfield by a local drilling and piping
company(s).
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These assumptions result in a vertical loopfield that can be located around with perimeter of the building.
Preliminary sizing is: 19 boreholes of 6” diameter, 325 feet deep, spaced at approximately 30° centers.

ECM 3: Air Source Heat Pump System

This ECM heats the building with an air source heat pump sized for 30% and an electric boiler sized for
100% of the design heating load. The heat pump will supply 70% of the heating load with the electric
boiler supplementing during cold weather and when the heat pump defrosts. The heat pump supplies heat
at a seasonal efficiency of 210%.

The system will consist of three air source heat pumps located in an enclosure to mitigate noise and
protect the heat pumps from rain and blowing snow. Each heat pump is coupled to a heat exchanger that
transfers heat from the heat pump refrigerant to the building hydronic heating system.

ECM 4: Wood Pellet Boiler System

This ECM heats the building with a wood pellet boiler sized for 70% and an electric boiler sized for
100% of the design heating load. The wood boiler supplies 90% of the heating load with electric
supplementation during cold weather and boiler maintenance.

Life Cycle Cost Analysis

The life cycle cost analysis determined that the ground source heat pump and air source heat pump
systems have the lowest life cycle cost. The systems will return their investment at 5% plus offer
additional life cycle savings.

Base Case

The air source heat pump system (ECM 3) has the lowest life cycle cost and makes efficient use of the
valuable hydroelectric resources. The ground source air heat pump system (ECM 2) has the second lowest
life cycle cost. When comparing the air source and ground source systems, the air source heat pump
system has a lower capital cost but has higher maintenance and energy costs. The heat pump systems are
within +/- 6% of each other which is extremely close when forecasting costs over 25 years.

The dual fuel heating plant (baseline) has the third lowest life cycle cost. If the predicted energy inflation
trends occur, fuel oil heat will be less expensive the first two years and electric heat will be less expensive
for as long as there is a hydroelectric surplus. This system offers dual fuel capability but does not
incorporate the efficiency of heat pumps.

The wood boiler heating plant (ECM 4) has the second highest life cycle cost. The system offers energy
cost savings but the saving do not offset higher construction and maintenance costs.

The dual fuel plant with the electric boiler operating when the building electric demand is below the
monthly peak (ECM 1) has the highest life cycle cost. This strategy did not yield sufficient energy
savings because the building is occupied continuously so night and weekend electric loads are not
appreciably lower. This reduces the amount of electric demand that is available to the electric boiler; it is
only able to supply 30% of the heating load.

Sensitivity Analysis

The sensitivity analysis confirms that the air source heat pump system (ECM 3) has the lowest life cycle
cost under all energy inflation scenarios. The ground source heat pump system also retains its position as
the second lowest option. For an ECM to be worthy of investment—Iikely siphoning dollars from other
opportunities—it should overwhelmingly offer a life cycle savings. Both heat pump options demonstrate
this throughout the analysis.
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Life Cycle Cost Analysis — Heating Options

Option Construction ~ Maintenance Energy Total % of Baseline

Base Case: 6.6% Fuel Qil, 2.5% Electricity, 3.7% Pellets

Baseline: Dual Fuel Heating System $550,000 $70,000 $830,000 $1,450,000 -

ECM 1: Dual Fuel/Off-peak Electric Boiler $580,000 $110,000 $1,080,000 $1,770,000 122%

ECM 2: Ground Source Heat Pump System $840,000 $40,000 $340,000 $1,220,000 84%

ECM 3: Air Source Heat Pump System $660,000 $140,000 $350,000 $1,150,000 79%

ECM 4: Wood Pellet Boiler System $740,000 $140,000 $840,000 $1,720,000 119%
High Fuel Oil Case @ 8%

Baseline: Dual Fuel Heating System $550,000 $70,000 $830,000 $1,450,000 -

ECM 1: Dual Fuel/Off-peak Electric Boiler $580,000 $110,000 $1,250,000 $1,940,000 134%
ECM 2: Ground Source Heat Pump System $840,000 $40,000 $340,000 $1,220,000 84%

ECM 3: Air Source Heat Pump System $660,000 $140,000 $350,000 $1,150,000 79%

ECM 4: Wood Pellet Boiler System $740,000 $140,000 $840,000 $1,720,000 119%
Low Fuel Oil Case @ 4.8%

Baseline: Dual Fuel Heating System $550,000 $70,000 $830,000 $1,450,000 -

ECM 1: Dual Fuel/Off-peak Electric Boiler $580,000 $110,000 $900,000 $1,590,000 110%

ECM 2: Ground Source Heat Pump System $840,000 $40,000 $340,000 $1,220,000 84%

ECM 3: Air Source Heat Pump System $660,000 $140,000 $350,000 $1,150,000 79%

ECM 4: Wood Pellet Boiler System $740,000 $140,000 $840,000 $1,720,000 119%
High Electricity Case @ 4%

Baseline: Dual Fuel Heating System $550,000 $70,000 $990,000 $1,610,000 -

ECM 1: Dual Fuel/Off-peak Electric Boiler $580,000 $110,000 $1,120,000 $1,810,000 112%
ECM 2: Ground Source Heat Pump System $840,000 $40,000 $400,000 $1,280,000 80%

ECM 3: Air Source Heat Pump System $660,000 $140,000 $420,000 $1,220,000 76%

ECM 4: Wood Pellet Boiler System $740,000 $140,000 $870,000 $1,750,000 109%
Low Electricity Case @ 1%

Baseline: Dual Fuel Heating System $550,000 $70,000 $710,000 $1,330,000 -

ECM 1: Dual Fuel/Off-peak Electric Boiler $580,000 $110,000 $1,050,000 $1,740,000 131%
ECM 2: Ground Source Heat Pump System $840,000 $40,000 $290,000 $1,170,000 88%

ECM 3: Air Source Heat Pump System $660,000 $140,000 $300,000 $1,100,000 83%

ECM 4: Wood Pellet Boiler System $740,000 $140,000 $820,000 $1,700,000 128%
High Pellet Case @ 5%

Baseline: Dual Fuel Heating System $550,000 $70,000 $830,000 $1,450,000 -

ECM 1: Dual Fuel/Off-peak Electric Boiler $580,000 $110,000 $1,080,000 $1,770,000 122%

ECM 2: Ground Source Heat Pump System $840,000 $40,000 $340,000 $1,220,000 84%

ECM 3: Air Source Heat Pump System $660,000 $140,000 $350,000 $1,150,000 79%

ECM 4: Wood Pellet Boiler System $740,000 $140,000 $960,000 $1,840,000 127%
Low Pellet Case @ 2.9%

Baseline: Dual Fuel Heating System $550,000 $70,000 $830,000 $1,450,000 -

ECM 1: Dual Fuel/Off-peak Electric Boiler $580,000 $110,000 $1,080,000 $1,770,000 122%
ECM 2: Ground Source Heat Pump System $840,000 $40,000 $340,000 $1,220,000 84%
ECM 3: Air Source Heat Pump System $660,000 $140,000 $350,000 $1,150,000 79%
ECM 4: Wood Pellet Boiler System $740,000 $140,000 $780,000 $1,660,000 114%

Note: Bold indicates lowest life cycle cost
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DOMESTIC HOT WATER SYSTEM OPTIMIZATION
Energy Conservation Measures

e Baseline: The baseline dual fuel heating system couples to a domestic hot water system
consisting of two indirect hot water heaters. When the heating plant is operating, the indirect
heaters supply hot water. During warm weather, the heating plant will be disabled and an electric
hot water heater will supply hot water.

e ECM 5 - Wastewater Heat Recovery: To be added.

e ECM 6 - Domestic Hot Water Heat Pump: A domestic hot water heat pump operates at high
efficiency when recovering boiler room heat to heat hot water. If the building is heated by an air
source or ground source heat pump, there will be less boiler room heat to recover and the
difference in efficiency between the two heat pumps is relatively small. These factors make it
likely that a separate domestic hot water heat pump is not likely to offer a life cycle savings. If the
dual fuel heating plant is preferred, the system will consist of: To Be Added.

Life Cycle Cost Analysis
To be added

SUMMARY
Heating Plant Optimization

A heating system consisting of an air source heat pump or ground source heat pump coupled with an
electric boiler is recommended for the UAS Residence Dorm. The air source and ground source heat
pumps will transfer heat from the environment to the building at an efficiency of 210% and 290%,
respectively.

While the air source heat pump system requires a lower investment, it is not the only recommendation for
the following reasons:

e There is no monitoring data that supports the manufacturer’s efficiency claims in Juneau’s unique
climate. The analysis was conservative in predicting performance but actual data is needed for
validation.

e The air source heat pump requires more maintenance, has more moving pieces, and has a shorter
life. While this is accounted for in the economics, the system requires a higher level of care to
ensure performance.

e The outdoor units must be protected from weather and also enclosed to minimize noise. An
enclosure is needed that may not fit into the aesthetics of the site.

The factor that contributes greatly to this finding is that a heat pump sized for 30% of the load can supply
75% of the heating requirement. This greatly reduces the capital cost of the systems while supplying most
of the heat. This sizing may be further optimized during design to maximize the economics of the system.

The recommended systems are compatible with the following desirable criteria for the building:
e The systems reduce long-term energy inflation by harvesting heat from the environment
e The systems efficiently utilize valuable hydroelectric resources
e The systems eliminate greenhouse gas emissions

Domestic Hot Water Optimization

To be added.
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road ~ Tel/Fax: 907.789.1226
Juneau, Alaska 99801 jim@alaskaenergy.us

UAS Student Residence Hall
Heating System Optimization Summary

Life Cycle Cost Analysis
November 13, 2012

Basis

25 Study Period (years)
5.0% Nominal Discount Rate
2.0% Real Discount Rate

Results

2.9%
6.6%
2.5%
3.7%

General Inflation
Fuel Inflation
Electricity Inflation

Wood Pellet Inflation

HEATING SYSTEM OPTIMIZATION

Base Case: 6.6% Fuel Qil, 2.5% Electricity, 3.7% Pellets
Baseline: Dual Fuel Heating System
ECM-1: Dual Fuel/Off-peak Electric Boiler
ECM 2: Ground Source Heat Pump System
ECM 3: Air Source Heat Pump System
ECM 4: Wood Pellet Boiler System

High Fuel Oil Case @ 8%
Baseline: Dual Fuel Heating System
ECM-1: Dual Fuel/Off-peak Electric Boiler
ECM 2: Ground Source Heat Pump System
ECM 3: Air Source Heat Pump System
ECM 4: Wood Pellet Boiler System

Low Fuel Oil Case @ 4.8%
Baseline: Dual Fuel Heating System
ECM-1: Dual Fuel/Off-peak Electric Boiler
ECM 2: Ground Source Heat Pump System
ECM 3: Air Source Heat Pump System
ECM 4: Wood Pellet Boiler System

High Electricity Case @ 4%
Baseline: Dual Fuel Heating System
ECM-1: Dual Fuel/Off-peak Electric Boiler
ECM 2: Ground Source Heat Pump System
ECM 3: Air Source Heat Pump System
ECM 4: Wood Pellet Boiler System

Low Electricity Case @ 1%
Baseline: Dual Fuel Heating System
ECM-1: Dual Fuel/Off-peak Electric Boiler
ECM 2: Ground Source Heat Pump System
ECM 3: Air Source Heat Pump System
ECM 4: Wood Pellet Boiler System

High Pellet Case @ 5%
Baseline: Dual Fuel Heating System
ECM-1: Dual Fuel/Off-peak Electric Boiler
ECM 2: Ground Source Heat Pump System
ECM 3: Air Source Heat Pump System
ECM 4: Wood Pellet Boiler System

Low Pellet Case @ 2.9%
Baseline: Dual Fuel Heating System
ECM-1: Dual Fuel/Off-peak Electric Boiler
ECM 2: Ground Source Heat Pump System
ECM 3: Air Source Heat Pump System
ECM 4: Wood Pellet Boiler System

Construction | Annual
$550,000 $70,000
$580,000 $110,000
$840,000 $40,000
$660,000 $140,000
$740,000 $140,000
$550,000 $70,000
$580,000 $110,000
$840,000 $40,000
$660,000 $140,000
$740,000 $140,000
$550,000 $70,000
$580,000 $110,000
$840,000 $40,000
$660,000 $140,000
$740,000 $140,000
$550,000 $70,000
$580,000 $110,000
$840,000 $40,000
$660,000 $140,000
$740,000 $140,000
$550,000 $70,000
$580,000 $110,000
$840,000 $40,000
$660,000 $140,000
$740,000 $140,000
$550,000 $70,000
$580,000 $110,000
$840,000 $40,000
$660,000 $140,000
$740,000 $140,000
$550,000 $70,000
$580,000 $110,000
$840,000 $40,000
$660,000 $140,000
$740,000 $140,000

Page 1

- Energy

$830,000
$1,080,000
$340,000
$350,000
$840,000

$830,000
$1,250,000
$340,000
$350,000
$840,000

$830,000
$900,000
$340,000
$350,000
$840,000

$990,000
$1,120,000
$400,000
$420,000
$870,000

$710,000
$1,050,000
$290,000
$300,000
$820,000

$830,000
$1,080,000
$340,000
$350,000
$960,000

$830,000
$1,080,000
$340,000
$350,000

$780,000

Total

$1,450,000
$1,770,000
$1,220,000
$1,150,000
$1,720,000

$1,450,000
$1,940,000
$1,220,000
$1,150,000
$1,720,000

$1,450,000
$1,590,000
$1,220,000
$1,150,000
$1,720,000

$1,610,000
$1,810,000
$1,280,000
$1,220,000
$1,750,000

$1,330,000
$1,740,000
$1,170,000
$1,100,000
$1,700,000

$1,450,000
$1,770,000
$1,220,000
$1,150,000
$1,840,000

$1,450,000
$1,770,000
$1,220,000
$1,150,000
$1,660,000

% of Base

122%
84%
79%

119%

134%
84%
79%

119%

110%
84%
79%

119%

112%
80%
76%

109%

131%
88%
83%

128%

122%
84%
79%

127%

122%
84%
79%
114%
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Alaska Energy Engineering LLC

UAS Student Residence Hall

25200 Amalga Harbor Road ~ Tel/Fax: 907.789.1226
Juneau, Alaska 99801 jim@alaskaenergy.us

Heating System Optimization

Sizing and Energy Analysis

November 13, 2012

DESIGN HEATING LOAD

Heating Load, MBH
Heating
Domestic Hot Water

Area
BTUH/sqft

ANNUAL HEATING LOAD
Heating Load, kBTU

Electricity, kWh

Baseline: Dual Fuel Heating System

Sizing Analysis
Boilers

Energy Analysis
Fuel Oil Boilers

Electric Boilers

Load, MBH
617
300
917
29,078
32
Load, kBTU
1,128,000
Component kWh
Fans 49,000
Pumps 8,000
57,000
Boiler Design Load, MBH Factor Boiler MBH Boiler kW
Fuel Qil 917 60% 550
Fuel Qi 917 60% 550
Electric 917 100% 917 269
2,751 2,017
Pump GPM Head n, pump Pump, BHP
Fuel Qil 55 18 60% 0.42
Fuel Qil 55 18 60% 0.42
Electric 92 18 60% 0.70
Building 92 48 65% 1.71
Load, kBTU % Load Net, kBTU Efficiency kBTU/qal Fuel, gals
1,128,000 100% 1,128,000 72% 138.5 11,400
Load, kBTU % Load Net, kBTU Efficiency kWh
1,128,000 100% 1,128,000 95% 348,000
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| Alaska Energy Engineering LLC Sizing and Energy Analysis
25200 Amalga Harbor Road ~ Tel/Fax: 907.789.1226 November 13, 2012
Juneau, Alaska 99801 jim@alaskaenergy.us

UAS Student Residence Hall

Heating System Optimization

ECM-1: Dual Fuel/Off-peak Electric Boiler

Sizing Analysis
Boilers Boiler Design Load, MBH Factor Boiler MBH Boiler kW
Fuel Qil 917 60% 550
Fuel Qil 917 60% 550
Electric 917 100% 917 269
2,751 2,017
Pumps Pump GPM Head n, pump Pump, BHP
Fuel Qil 55 18 60% 0.42
Fuel Qil 55 18 60% 0.42
Electric 92 18 60% 0.70
Building 92 48 65% 1.71
Energy Analysis
Fuel Qil Boilers Load, kBTU % Load Net, kBTU Efficiency kBTU/qal Fuel, gals
1,128,000 70% 789,600 72% 138.5 8,000
Electric Boilers Load, kBTU % Load Net, kBTU Efficiency kWh
1,128,000 30% 338,400 95% 105,000

ECM 2: Ground Source Heat Pump System

Sizing Analysis
Heating Equipment Boiler Design MBH Factor Size, MBH Firm MBH
GSHP 617 30% 185 185
Elec Boiler 917 100% 917 0
Total 1,102 185
Loopfield Load. MBH Tons Inft/ton Inft Depth Boreholes
185 15 400 6,170 325 18.98
Pumps Pump GPM Head n, pump Pump, BHP
Evaporator 39 125 63% 1.93
Condenser 39 28 62% 0.44
Elec Boiler 92 20 60% 0.77
Building 62 48 65% 115
Energy Analysis
Ground Source Heat Pump Load, kBTU % Load Net, kBTU Efficiency kWh
1,128,000 75% 846,000 300% 82,601
Electric Boiler Load, kBTU % Load Net, kBTU Efficiency kBTU/kWh kWh
1,128,000 25% 282,000 95% 34 86,999
Pumps Pump Ave GPM Ave Head kW Hours kWh
Evaporator 23 75 0.5 7,500 3,896
Condenser 39 28 0.3 7,500 2,463

6,359
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| Alaska Energy Engineering LLC Sizing and Energy Analysis
25200 Amalga Harbor Road ~ Tel/Fax: 907.789.1226 November 13, 2012
Juneau, Alaska 99801 jim@alaskaenergy.us

UAS Student Residence Hall

Heating System Optimization

Increased Fan Energy CFM AP n, fan BHP Hours kWh
HRV-1 7,400 0.25 50% 0.6 8,760 4,227

HRV-2 7,400 0.25 50% 0.6 8,760 4,227

AHU-1 4,350 0.25 55% 0.3 8,760 2,392

10,845
Total kWh 186,805

Increased Electric Service

Load Qty kW, ea Total kKW
Heat Pump 1 18 18
Evap Pumps 1 1 1
Cond Pumps 1 0.3 0.3
20
ECM 3: Air Source Heat Pump System
Sizing Analysis
Heating Equipment Boiler Design MBH Factor Size. MBH Firm MBH
ASHP-1 617 11% 69 69
ASHP-2 617 11% 69 69
ASHP-3 617 11% 69 69
Elec Boiler 917 100% 917 -
Total 1,124 207
Pumps GPM Head whp n, pump bhp
HP Pump pal 20 0.1 45% 0.2
Electric Loads Load Qty MBH cop kW
Heat Pump 3 69 2 30.3
Load Qty BHP n.motor
HP Pump 1 0.50 60% 0.6
31.0
Energy Analysis
Heat Pumps  Load, kBTU % Load Net, kBTU
1,128,000 70% 789,600
Month % Load Load kBtu Ave Temp COoP Input kBtu kWh
Jan 17% 134,232 33 1.9 72,001 21,102
Feb 13% 102,648 35 2.0 52,571 15,408
Mar 12% 94,752 37 2.1 46,082 13,506
Apr 7% 55,272 40 2.2 24,699 7,239
May 3% 23,688 46 2.7 8,871 2,600
Jun 2% 15,792 49 29 5,443 1,595
Jul 1% 7,896 54 33 2,422 710
Aug 3% 23,688 55 33 7,130 2,090
Sep 5% 39,480 52 3.1 12,637 3,704
Oct 8% 63,168 44 25 25,077 7,350
Nov 13% 102,648 39 2.2 47,216 13,838
Dec 16% 126.336 32 18 69.182 20.276
100% 789,600 212% 373,332 109,417
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UAS Student Residence Hall

25200 Amalga Harbor Road ~ Tel/Fax: 907.789.1226
Juneau, Alaska 99801 jim@alaskaenergy.us

Heating System Optimization

Alaska Energy Engineering LLC

Sizing and Energy Analysis

November 13, 2012

Electric Boiler

Increased Fan Energy
HRV-1
HRV-2
AHU-2

Increased Electric Service
Load
Heat Pump
HP Pumps

ECM 4. Wood Pellet Boiler System
Sizing Analysis
Boiler Sizing

Energy Analysis
Wood Boiler

Electric Boiler

Wood Boiler

Load. kBTU
789,600

CEM
7,400
7,400
4,350

Boiler
Wood
Electric

Pump
Wood BIr
Electric BIr

Building

Load. kBTU
1,128,000

Load, kBTU
1,128,000

Unit
Silo Auger
Feed Auger

Induction Fan

% Load
30%

[
0.2

AP
0.25
0.25
0.25

Design MBH
917

917

GPM
64
92
92

% Load
95%

% Load
5%

HP
0.75
0.25

1.0

n, fan
50%
50%
55%

Factor
70%

100%
Total

Head
20
20
48

Page 5

Efficiency
95%

kWh
1,742
1,742

BHP
0.6
0.6
0.3

Total kW
30
0.2
31

Size, MBH
642
917
1,559

n, pump
60%
60%
65%

Efficiency
70%

Efficiency
95%

Hours
500
6,000
6,000

kBTU/kWh
3.4

Hours
8,760
8,760
8,760

Total kWh

Firm MBH
642
0
642
Pump, BHP
0.54

0.77
1.7

kBTU/ton
15,560

kBTU/kWh
3.4

kwh
400
1,599
5,029
7,027

kWh
73,080

kWh
4,227
4,227
2,392
10,845

195,085

kWh
17,400
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road  Tel/Fax: 907.789.1226
Juneau, Alaska 99801 alaskaenergy@gci.net

UAS Student Residence Hall
Baseline: Dual Fuel Heating System

Life Cycle Cost Analysis
November 13, 2012

Basis
25 Study Period (years) 2.90% General Inflation
5.0% Nominal Discount Rate 6.6% Fuel Inflation
2.0% Real Discount Rate 2.5% Electricity Inflation
3.7% Pellet Inflation
Construction Costs Year Qty Unit Base Cost Year 0 Cost
Hydronic Heating System
Heating Plant
Fuel Qil System
Buried fuel oil tank 2,000 gal 0 1 ea 32,000.00 $32,000
Buried fuel oil containment piping and leak monitoring system 0 1 ea 12,000.00 $12,000
Boiler fuel oil piping 0 2 LS $1,200.00 $2,400
Primary Loop
Fuel ol boilers 550 MBH 0 2 LS $12,000.00 $24,000
Boiler stack 0 60 Inft 150.00 $9,000
Electric boiler 270 kW 0 1 LS $25,000.00 $25,000
Primary piping and appurtenances for each boiler 3" dia 0 3 LS $3,000.00 $9,000
Primary supply and return header, 3 boilers 3" dia 0 120 Inft $90.00 $10,800
Primary pump, pipe mounted 1/2 HP 0 3 LS $1,500.00 $4,500
Secondary loop 0 $0
Secondary pumps 2 HP 0 2 ea 4,000.00 $8,000
Secondary piping and appurtenances (boiler room) 0 1 lot 15,000.00 $15,000
Domestic Hot Water System
Indirect HW heater, AV, piping, etc. 120 gallon 0 2 ea 8,700.00 $17,400
Electric hot water heater 250 gal, 90 kW 0 1 ea 30,000.00 $30,000
Controls
Microprocessor and programing 0 1 lot 20,000.00 $20,000
DDC points 0 30 pts 1,500.00 $45,000
Miscellaneous
Test and balance 0 60 hrs 150.00 $9,000
Commission heating system 0 1 lot 5,000.00 $5,000
Electrical
Three phase service 0 3 ea 5,000.00 $15,000
Single phase service 0 5 ea 1,500.00 $7,500
Contingencies
Overhead and profit 0 30% $90,180
Contingency + escalation to 2013 0 18.5% $72.294
Design fees 0 10% $46,307
Project management 0 8% $40,751
Total Construction Costs $550,000
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road
Juneau, Alaska 99801

UAS Student Residence Hall

Tel/Fax: 907.789.1226
alaskaenergy@gci.net

Baseline: Dual Fuel Heating System

Life Cycle Cost Analysis
November 13, 2012

Annual Costs Maintenance $50.00 Years Qty Unit Base Cost Present Value
Heating Plant
Daily Heating Plant Observation 5 min/day 1-2 30 hrs $50.00 $2,892
Daily Heating Plant Observation 3 min/day 3-25 18 hrs $50.00 $15,640
Electric Boiler Maintenance
Parts Allowance, each 1-25 1 LS $50.00 $1,277
Monthly, each 0.5 hours/month 1-25 6 hrs $50.00 $4,086
Annual, each 4 hours/year 1-25 4 hrs $50.00 $2,724
10-year Maintenance 13 - 13 8 hrs $50.00 $233
Fuel Qil Boilers
Fuel Oil Boiler Maintenance
Parts Allowance, each 1-25 1 LS $200.00 $3,808
Monthly, each 1.5 hours/month 1-25 18 hrs $50.00 $17.137
Annual, each 8  hours/year 1-25 8 hrs $50.00 $7.617
Pumps Number Hours/ea
Pump maintenance, 4 hrs each 4 4 1-25 16 hrs $50.00 $15,233
Domestic Hot Water
Indirect HW heater 2 1 1-25 2 hrs $50.00 $1,904
Electric HW heater 1 1 1-25 1 hrs $50.00 $952
Salvage
Fuel oil boiler Service Life, yrs 35 25 - 25 -1 LS $5,143 ($3,041)
Electric boiler Service Life, yrs 35 25 - 25 -1 LS $5,357 ($3,168)
Total Annual Costs $70,000
Energy Costs Years Qty Unit Base Cost Present Value
Fuel Oil (Years 1-2) 1-2 11,400 gallons $3.51 $81,867
Electricity - Heat (Years 3-25) 3-25 348,000 kWh $0.113 $652,291
Electricity - HVAC Systems 1-25 57,000 kWh $0.092 $97,559
Total Energy Costs $830,000
Present Worth $1,450,000
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road  Tel/Fax: 907.789.1226
Juneau, Alaska 99801 alaskaenergy@gci.net

UAS Student Residence Hall
ECM-1: Dual Fuel/Off-peak Electric Boiler

Life Cycle Cost Analysis
November 13, 2012

Basis
25 Study Period (years) 2.90% General Inflation
5.0% Nominal Discount Rate 6.6% Fuel Inflation
2.0% Real Discount Rate 2.5% Electricity Inflation
3.7% Pellet Inflation
Construction Costs Year Qty Unit Base Cost Year 0 Cost
Hydronic Heating System
Heating Plant
Fuel Qil System
Buried fuel oil tank 2,000 gal 0 1 ea 32,000.00 $32,000
Buried fuel oil containment piping and leak monitoring system 0 1 ea 12,000.00 $12,000
Boiler fuel oil piping 0 2 LS $1,200.00 $2,400
Primary Loop
Fuel oil boilers 550 MBH 0 2 LS $12,000.00 $24,000
Boiler stack 0 60 Inft 150.00 $9,000
Electric boiler 270 kW 0 1 LS $25,000.00 $25,000
Primary piping and appurtenances for each boiler 3" dia 0 3 LS $3,000.00 $9,000
Primary supply and return header, 3 boilers 3" dia 0 120 Inft $90.00 $10,800
Primary pump, pipe mounted 1/2 HP 0 3 LS $1,500.00 $4,500
Secondary loop
Secondary pumps 2 HP 0 2 ea 4,000.00 $8,000
Secondary piping and appurtenances (boiler room) 0 1 lot 15,000.00 $15,000
Domestic Hot Water System
Indirect HW heater, AV, piping, etc. 120 gallon 0 2 ea 8,700.00 $17,400
Electric hot water heater 250 gal, 90 kW 0 1 ea 30,000.00 $30,000
Controls
Microprocessor and programing 0 1 lot 20,000.00 $20,000
DDC points 0 30 pts 1,500.00 $45,000
Demand limiting controls and programing 0 1 lot 15,000.00 $15,000
Miscellaneous
Test and balance 0 60 hrs 150.00 $9,000
Commission heating system 0 1 lot 5,500.00 $5,500
Electrical
Three phase service 0 3 ea 5,000.00 $15,000
Single phase service 0 5 ea 1,500.00 $7,500
Contingencies
Overhead and profit 0 30% $94,830
Contingency + escalation to 2013 0 18.5% $76,022
Design fees 0 10% $48,695
Project management 0 8% $42,852
Total Construction Costs $580,000
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road
Juneau, Alaska 99801

Tel/Fax: 907.789.1226
alaskaenergy@gci.net

UAS Student Residence Hall
ECM-1: Dual Fuel/Off-peak Electric Boiler

Life Cycle Cost Analysis
November 13, 2012

Annual Costs Maintenance $50.00 Years Qty Unit Base Cost Present Value
Heating Plant
Daily Heating Plant Observation 5 min/day 1-25 30 hrs $50.00 $28,959
Electric Boiler Maintenance
Parts Allowance, each 1-25 1 LS $50.00 $1,277
Monthly, each 0.5 hours/month 1-25 6 hrs $50.00 $4,086
Annual, each 4 hours/year 1-25 4 hrs $50.00 $2,724
10-year Maintenance 10 - 10 8 hrs $50.00 $233
10-year Maintenance 20 - 20 8 hrs $50.00 $233
Fuel Qil Boilers
Fuel Qil Boiler Maintenance
Parts Allowance, each 1-25 2 LS $200.00 $7,617
Monthly, each 1.5 hours/month 1-25 36 hrs $50.00 $34,275
Annual, each 8  hours/year 1-25 16 hrs $50.00 $15,233
Pumps Number Hours/ea
Pump maintenance, 4 hrs each 4 4 1-25 16 hrs $50.00 $15,233
Domestic Hot Water
Electric HW heater 1 1 1-25 1 hrs $50.00 $952
Indirect HW heater 2 1 1-25 2 hrs $50.00 $1,904
Salvage
Fuel oil boiler Service Life, yrs 35 25 - 25 -1 LS $5,143 ($3,041)
Electric boiler Service Life, yrs 35 25 - 25 -1 LS $5,357 ($3,168)
Total Annual Costs $110,000
Energy Costs Years Qty Unit Base Cost Present Value
Fuel Oil Heat 1-25 8,000 gallons $3.51 $859,606
Electric Heat, Demand Limited 1-25 105,000 kWh $0.063 $122,006
Electricity, HVAC Systems 1-25 57,000 kWh $0.092 $97,559
Total Energy Costs $1,080,000
Present Worth $1,770,000
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road  Tel/Fax: 907.789.1226
Juneau, Alaska 99801 alaskaenergy@gci.net

UAS Student Residence Hall
ECM 2: Ground Source Heat Pump System

Life Cycle Cost Analysis
November 13, 2012

Basis
25 Study Period (years) 2.90% General Inflation
5.0% Nominal Discount Rate 6.6% Fuel Inflation
2.0% Real Discount Rate 2.5% Electricity Inflation
3.7% Pellet Inflation
Construction Costs Year Qty Unit Base Cost Year 0 Cost
Hydronic Heating System
Loopfield
Mobilization/Demobilization 0 1 LS $10,000 $10,000
Drill boreholes, install pipe loops, backfill with groute 0 6,170 Inft $18.00 $111,060
Pipe trenches: excavate, bedding, backfill 0 200 yd3 $35.00 $7,000
Horizontal piping 0 1,200 Inft $28.50 $34,200
Loopfield manifold in building 0 1 LS $5,000 $5,000
Heating Plant
Ground Source Heat Pump
Ground source heat pump 185 MBH 0 1 LS $34,000 $34,000
Evaporator piping and appurtenances 0 20 Inft $150.00 $3,000
Evaporator pump 2 HP 0 1 LS $8,000.00 $8,000
Condenser piping and appurtenances 0 20 Inft $150.00 $3,000
Condenser pumps 1/2 HP 0 1 LS $1,500.00 $1,500
Heating storage tank 0 1 LS $12,000.00 $12,000
Primary Loop
Electric boiler 270 kW 0 1 LS $25,000.00 $25,000
Primary piping and appurtenances for boiler 3" dia 0 1 LS $3,000.00 $3,000
Primary pump, pipe mounted 1/2 HP 0 1 LS $1,500.00 $1,500
Secondary loop
Secondary pumps 2 HP 0 2 ea 4,000.00 $8,000
Secondary piping and appurtenances (boiler room) 0 1 lot 15,000.00 $15,000
Domestic Hot Water System
Indirect HW heater, AV, piping, etc. 120 gallon 0 2 ea 8,700.00 $17,400
Electric hot water heater 250 gal, 90 kW 0 1 ea 30,000.00 $30,000
Controls
Microprocessor and programing 0 1 lot 20,000.00 $20,000
DDC points 0 36 pts 1,500.00 $54,000
Miscellaneous
Test and balance 0 65 hrs 150.00 $9,750
Commission heating system 0 1 lot 6,000.00 $6,000
Electrical
Three phase service 0 5 ea 5,000.00 $25,000
Single phase service 0 2 ea 1,500.00 $3,000
Increase electric service 20 KVA 0 1 Is 15,000.00 $15,000
Contingencies
Overhead and profit 0 30% $138,423
Contingency + escalation to 2013 0 18.5% $110,969
Design fees 0 10% $71,080
Project management 0 8% $62,551
Total Construction Costs $840,000
Page 10 Appendix A



Life Cycle Cost Analysis
November 13, 2012

Alaska Energy Engineering LLC

25200 Amalga Harbor Road
Juneau, Alaska 99801

Tel/Fax: 907.789.1226
alaskaenergy@gci.net

UAS Student Residence Hall
ECM 2: Ground Source Heat Pump System

Annual Costs Maintenance $50.00 Years Qty Unit Base Cost Present Value
Heating Plant
Daily Heating Plant Observation 4 min/day 1-25 24 hrs $50.00 $23,167
Electric Boiler Maintenance
Parts Allowance, each 1-25 0.5 LS $75.00 $1,277
Monthly, each 0.5 hours/month 1-25 6 hrs $50.00 $4,086
Annual, each 4 hours/year 1-25 4 hrs $50.00 $2,724
10-year Maintenance 10 - 10 8 hrs $50.00 $233
10-year Maintenance 20 - 20 8 hrs $50.00 $174
Heat Pump Maintenance
Parts Allowance, each 1-25 1 LS $250.00 $4,760
Monthly, each 0.5 hours/month 1-25 6 hrs $50.00 $4,086
Annual, each 4 hours/year 1-25 4 hrs $50.00 $2,724
Heat pump contracted tune up 5-5 1 ea 3,500.00 $3,164
Heat pump contracted tune up 10 - 10 1 ea 3,500.00 $2,860
Heat pump contracted tune up 15 - 15 1 ea 3,500.00 $2,585
Heat pump contracted tune up 20 - 20 1 ea 3,500.00 $2,337
Heat pump replacement 18 - 18 1 ea 25,500.00 $17.726
Pumps Number Hours/ea
Pump maintenance, 4 hrs each 5 4 1-25 20 hrs $50.00 $19,042
Domestic Hot Water
Indirect HW heater 2 1 1-25 2 hrs $50.00 $1,904
Electric HW heater 1 1 1-25 1 hrs $50.00 $952
Salvage Value
Heat pump Service Life, yrs 18 25 - 25 -1 LS $11,220 ($6,635)
Electric boiler Service Life, yrs 35 25 - 25 -1 LS $5,357 ($3,168)
Loopfield Service Life, yrs 75 25 - 25 -1 LS $81,130 ($47,980)
Total Annual Costs $40,000
Energy Costs Years Qty Unit Base Cost Present Value
Fuel Oil 1-25 0 gallons $3.51 $0
Electricity 1-25 186,805 kWh $0.097 $337,491
Total Energy Costs $340,000
Present Worth $1,220,000 |
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road
Juneau, Alaska 99801

Tel/Fax: 907.789.1226
alaskaenergy@gci.net

UAS Student Residence Hall
ECM 3: Air Source Heat Pump System

Life Cycle Cost Analysis
November 13, 2012

Basis

25 Study Period (years)
5.0% Nominal Discount Rate
2.0% Real Discount Rate

2.90% General Inflation
6.6% Fuel Inflation
2.5% Electricity Inflation
3.7% Pellet Inflation

Construction Costs Year Qty Unit Base Cost Year 0 Cost
Hydronic Heating System
Heating Plant
Primary Loop
Air Source Heat Pumps
Outdoor heat pump unit
Material 0 3 ea $12,000 $36,000
Installation 0 3 ea $3,000 $9,000
Enclosure 0 150 sqft $250 $37,500
Indoor hydronic heat exchanger 0 3 ea $6,000 $18,000
Installation 0 3 ea $2,500 $7,500
Electric boiler 270 kW 0 1 LS $25,000.00 $25,000
Primary piping and appurtenances for boiler 3" dia 0 1 LS $3,000.00 $3,000
Primary pump, pipe mounted 1/2 HP 0 1 LS $1,500.00 $1,500
Heating storage tank 150 gallons 0 1 LS $6,000.00 $6,000
Secondary loop 0 $0
Secondary pumps 2 HP 0 2 ea 4,000.00 $8,000
Secondary piping and appurtenances (boiler room) 0 1 lot 15,000.00 $15,000
Domestic Hot Water System
Indirect HW heater, AV, piping, etc. 120 gallon 0 2 ea 8,700.00 $17,400
Electric hot water heater 250 gal, 90 kW 0 1 ea 30,000.00 $30,000
Controls
Microprocessor and programing 0 1 lot 20,000.00 $20,000
DDC points 0 36 pts 1,500.00 $54,000
Miscellaneous
Test and balance 0 65 hrs 150.00 $9,750
Commission heating system 0 1 lot 7,000.00 $7,000
Electrical
Three phase service 0 6 ea 5,000.00 $30,000
Single phase service 0 5 ea 1,500.00 $7,500
Increase electric service 30 KVA 0 1 Is 18,000.00 $18,000
Contingencies
Overhead and profit 0 30% $108,045
Contingency + escalation to 2013 0 18.5% $86,616
Design fees 0 10% $55,481
Project management 0 8% $48,823
Total Construction Costs $660,000
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Alaska Energy Engineering LLC

UAS Student Residence Hall

25200 Amalga Harbor Road
Juneau, Alaska 99801

Tel/Fax: 907.789.1226
alaskaenergy@gci.net

ECM 3: Air Source Heat Pump System

Life Cycle Cost Analysis
November 13, 2012

Annual Costs Maintenance $50.00 Years Qty Unit Base Cost Present Value
Heating Plant
Daily Heating Plant Observation 10 min/day 1-25 61 hrs $50.00 $57,918
Electric Boiler Maintenance
Parts Allowance, each 1-25 0.5 LS $75.00 $1,277
Monthly, each 0.5 hours/month 1-25 6 hrs $50.00 $4,086
Annual, each 4 hours/year 1-25 4 hrs $50.00 $2,724
10-year Maintenance 10 - 10 8 hrs $50.00 $233
10-year Maintenance 20 - 20 8 hrs $50.00 $174
Heat Pump Maintenance
Parts Allowance, each 1-25 3 LS $250.00 $14,281
Monthly, each 0.5 hours/month 1-25 18 hrs $0.00 $4,086
Annual, each 2 hours/year 1-25 6 hrs $0.00 $2,724
Heat Pump Replacement
QOutdoor units 12 - 12 3 ea $15,000.00 $35,312
Pumps Number Hours/ea
Pump maintenance, 4 hrs each 4 4 1-25 16 hrs $50.00 $15,233
Domestic Hot Water
Electric HW heater 1 1 1-25 1 hrs $0.00 $0
Indirect HW heater 2 1 1-25 2 hrs $50.00 $1,904
Salvage Value
Electric boiler Service Life, yrs 35 25 - 25 -1 LS $8,036 ($4,752)
Total Annual Costs $140,000
Energy Costs Years Qty Unit Base Cost Present Value
Fuel Oil 1-25 0 gallons $3.51 $0
Electricity 1 -25 195,085 kWh $0.097 $352,450
Total Energy Costs $350,000
| Present Worth $1,150,000 |
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road
Juneau, Alaska 99801

Tel/Fax: 907.789.1226
alaskaenergy@gci.net

UAS Student Residence Hall
ECM 4: Wood Pellet Boiler System

Life Cycle Cost Analysis
November 13, 2012

Basis
25 Study Period (years) 2.90% General Inflation
5.0% Nominal Discount Rate 6.6% Fuel Inflation
2.0% Real Discount Rate 2.5% Electricity Inflation
3.7% Pellet Inflation
Construction Costs Year Qty Unit Base Cost Year 0 Cost
Hydronic Heating System
Heating Plant
Pellet boiler w/ precipitator and augers 640 MBH 0 1 ea $110,000 $110,000
Pellet silo 14ton 0 1 LS $36,000 $36,000
Chimney 0 60 Inft 150.00 $9,000
Pellet auger to boiler hopper 0 1 LS $7,000 $7,000
Heating storage tank 0 1 LS $12,000.00 $12,000
Electric boiler 270 kW 0 1 LS $25,000.00 $25,000
Primary piping and appurtenances for boilers 3" dia 0 2 LS $3,000.00 $6,000
Primary pump, pipe mounted 1/2 HP 0 2 LS $1,500.00 $3,000
Secondary loop 0 $0
Secondary pumps 2 HP 0 2 ea 4,000.00 $8,000
Secondary piping and appurtenances (boiler room) 0 1 lot 15,000.00 $15,000
Domestic Hot Water System
Indirect HW heater, AV, piping, etc. 120 gallon 0 2 ea 8,700.00 $17,400
Electric hot water heater 250 gal, 90 kW 0 1 ea 30,000.00 $30,000
Controls
Microprocessor and programing 0 1 lot 20,000.00 $20,000
DDC points 0 36 pts 1,500.00 $54,000
Miscellaneous
Test and balance 0 80 hrs 150.00 $12,000
Commission heating system 0 1 lot 6,000.00 $6,000
Electrical
Three phase service 0 3 ea 5,000.00 $15,000
Single phase service 0 3 ea 1,500.00 $4,500
Contingencies
Subcontractor markup 0 20% $77,980
Prime contractor markup 0 12% $56,146
Contingency + escalation to 2013 0 18.5% $96,945
Design fees 0 10% $62,097
Project management 0 8% $54,645
Total Construction Costs $740,000
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Alaska Energy Engineering LLC

25200 Amalga Harbor Road
Juneau, Alaska 99801

Tel/Fax: 907.789.1226
alaskaenergy@gci.net

UAS Student Residence Hall
ECM 4: Wood Pellet Boiler System

Life Cycle Cost Analysis
November 13, 2012

Annual Costs Maintenance $50.00 Years Qty Unit Base Cost Present Value
Heating Plant
Daily Heating Plant Observation 7 min/day 1-25 43 hrs $50.00 $40,543
Pellet Boiler Maintenance
Parts Allowance, each 1-25 1 LS $250.00 $4,760
Monthly, each 2.5 hours/month 1-25 30 hrs $50.00 $28,562
2000 hour maintenance 16 hours/year 1-25 16 hrs $50.00 $15,233
Boiler replacement 18 - 18 1 Is $82,500.00 $56,202
Electric Boiler Maintenance
Parts Allowance, each 1-25 1 LS $75.00 $1,277
Monthly, each 0.5 hours/month 1-25 6 hrs $50.00 $4,086
Annual, each 4 hours/year 1-25 4 hrs $50.00 $2,724
10-year Maintenance 10 - 10 8 hrs $50.00 $233
10-year Maintenance 20 - 20 8 hrs $50.00 $174
Pumps Number Hours/ea
Pump maintenance, 4 hrs each 4 4 1-25 16 hrs $50.00 $15,233
Domestic Hot Water
Electric HW heater 1 1 1-25 1 hrs $0.00 $0
Indirect HW heater 2 1 1-25 2 hrs $50.00 $1,904
Salvage Value
Wood Boiler Service Life, yrs 18 25 - 25 -1 LS $36,300 ($21,468)
Electric boiler Service Life, yrs 35 25 - 25 -1 LS $23,571 ($13,940)
Total Annual Costs $140,000
Energy Costs Years Qty Unit Base Cost Present Value
Fuel Oil 1-25 0 gallons $3.51 $0
Wood pellets 1-25 99 tons $332.00 $701,661
Electricity 1-25 81,427 kWh $0.092 $139,368
Total Energy Costs $840,000
Present Worth $1,720,000
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Appendix B

Domestic Hot Water System Optimization Calculations




