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-22,600 SQUARE FEET OF NEW CONSTRUCTION ~EXISITING BUILDING TO MOSTLY REMAIN

-14,300 SQUARE FEET IN RENOVATIONS -PROVIDES MODERN LEARNING ENVIROMENT AND
-3 OCCUPIED LEVELS ABOVE GRADE, ATTIC EFFECTIVE ACADEMIC SUPPORT FOR STUDENTS

& 1 SEMI-OCCUPIED LEVEL BELOW GRADE ~-CREATES NEW PUBLIC ENTRY FROM MAIN ST., LITITZ
-APPROXIMATELY $6M IN TOTAL COSTS -ADDITION CONNECTS STENGEL HALL TO STEINMAN
-DESIGN-BUILD CONTRACT PERFORMING ARTS CENTER

-CONSTRUCTION MAY 2011-AUGUST 2012

- (24) AIR HANDLING UNITS RANGING FROM 1.5 TO 5
-COMBINATION OF MASONRY WALLS AND HSS COLUMNS TONS SERVE SPACES FROM ATTIC & BASEMENT
-VARYING BEAM AND GIRDER LAYOUT -(10) ENERGY RECOVERY VENTILATORS ASSIST AHU'S &
-FOUNDATION CONSISTS OF CAST IN PLACE WALL PROVIDE OUTSIDE AIR TO CLASSROOM SPACES
FOOTINGS AND BASE PLATES FOR COLUMNS -(4) 310,000 BTU/HR BOILERS LOCATED IN BASEMENT
-4" CONCRETE SLAB ON METAL DECK SYSTEM PROVIDE HOT WATER TO ALL AHU'S
-MASONRY SHEAR WALL SUPPORT ~(4) 15 TON & (1) 20 TON OUTDOOR SPLIT SYSTEM UNITS
ON ROOF PROVIDE CHILLED WATER TO ALL AHU'S

-120/208V, 3@, 1200A MAIN DISTRIBUTION PANEL

-(1) MAIN LIGHTING PANEL, RECEPTICAL PANEL ON EACH
LEVEL, & (2) MECHANICAL EQUIPMENT PANELS

-MDP FEEDS CONDENSORS DIRECTLY

-PRIMARILY OVERHEAD FLUORESCENT INDOOR LIGHTING
-DECORATIVE EXTERIOR POST LAMPS
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2.0 EXECUTIVE SUMMARY

The following report is a study based on the renovation and addition to Stengel Hall-Center for
Academic Excellence, an integral part of the Linden Hall School for Girls. The report examines
the existing mechanical system and proposes alternatives to the designed mechanical system.
The goal of the evaluated alternatives is to provide a more sustainable and maintainable
mechanical system. Not only was Stengel Hall evaluated in this report but the entire Linden Hall
Campus was included to determine the feasibility of a campus-wide heating and cooling system.
The proposed alternatives included a geothermal heating and cooling system utilizing water-
source heat pumps and a wood-fired biomass boiler.

Before evaluating either of these alternatives the peak heating and cooling demand loads were
determined using Trane Trace and DesignBuilder. The peak heating and cooling loads
determined for Stengel Hall were 764 kBTU/hr and 1087 kBTU/hr respectively. The evaluation
estimated that the campus peak heating demand could be at 3190 kBTU/hr and peak cooling
demand is 4525.2 kBTU/hr.

The geothermal study calculated the required ground loop piping loop for both Stengel Hall
alone and the entire Linden Hall campus. The calculation resulted in heating dominant bore
lengths of about 25,000 feet for Stengel Hall and about 109,000 feet for the entire campus. An
energy study on the proposed ground source heat pump alternative for Stengel Hall resulted in an
annual building energy savings of about 330,000 kBtu/year; an approximate 40% reduction.
However, this only resulted in an annual utility cost savings of approximately $5,700 and a
payback period of over 30 years.

The research conducted on biomass boilers concluded that the best choice application of biomass
energy is a wood-fired boiler that uses green wood chips mixed with the equestrian waste
produced on campus. This alternative did not prove to be cost effective to the school due to the
high initial cost.

The construction management breath focused on estimating the initial cost of the proposed
alternatives. The estimate concluded that the geothermal system proposed for Stengel Hall would
cost about $465,000.00; an increase of about $285,000 over the existing mechanical design. The
initial cost estimate for the wood-fired boiler was over 2.8 million dollars due to the extensive
repairs necessary to the existing steam system. An electrical breadth study evaluated the
increased electric load and suggested larger panel boards to handle the loads incurred by the
geothermal system.

Of the two proposed alternatives, the final recommendation is to implement the ground source
heat pump alternative because it was the most cost effective and showed reductions in the energy
consumption of Stengel Hall. Likewise, the other campus buildings may also see similar
reductions in energy.
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3.0 BUILDING OVERVIEW

The following section delivers an overview of the existing Stengel Hall construction and
renovations. Summaries of various systems are included to provide information on non-
mechanical components of the building.

3.1 Introduction & Objectives

The Stengel Hall-Academic Center for Excellence is an essential part of the Linden Hall School
for Girls, an independent boarding and day school for girls in grades 6-12. Founded in 1746 and
located in the small town of Lititz, Pennsylvania, the school serves as the oldest and the top-
ranked college preparatory school for girls in the United States. Stengel Hall serves as one of the
main academic facilities for the school and provides offices for the administrative employees.
The primary objective of the current renovation and addition to Stengel Hall is to upgrade the
existing facilities to better serve the needs of the growing educational program.

The project involves 22,600 SF of new construction and approximately 14,300 SF in renovations
to the existing building. Stengel Hall is comprised of one level below grade, three levels above
grade, and an unoccupied attic which will be used for mechanical equipment. Construction for
this design-build project started on May 28", 2011 and the majority of the demolition and
excavation was completed over the summer of 2011. Construction is expected to be complete
before students return for the 2012 school year (August 2012).

3.2 Architecture

The Stengel Hall renovation and addition is designed to
provide the Linden Hall students a 20" century learning
environment while keeping its historical roots. In order to
accomplish this, more recent additions to the original
structure were demolished and the addition will infill the
remaining U-shaped footprint. This infill will provide a
valuable connection to the adjacent Steinman Performing
Arts Center & Classrooms, another main academic facility
at Linden Hall, on the first level and basement level as well
as create a new campus entrance off Main Street on the
north side of the building. This layout can best be
understood in Figure-3.1 which highlights the key building
blocks of the new design.

The basement level of Stengel Hall will mostly serve as Existing Stengel Hall & Chapel
mechanical space but a modern lecture and testing facility Existing Steinman Performing Arts Center
has been incorporated into the addition and connection to New Stengel Hall Addition

the adjacent building. The first and second levels of the New Entrance from Main Street

existing structure will continue to mainly serve as Figure 3.1 | Plan Courtesy of Chambers & Associates

administrative offices and conference rooms. The first level
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of the addition will primarily function as the
central lobby, found in Figure-3.2, for the new
public entrance. The second level of the

addition features new classrooms and the
Learning Center comprised of a 2-story atrium,
found in Figure-3.3, which will allow daylight
into computer labs, classrooms, and the library.
The third level of the addition and existing
structure will provide additional classroom

space and flexible learning areas that will be
used to accommodate the school’s ever-
changing needs. Overall, the addition and
renovations will increase the functionality of the
campus and stimulate learning for the students of
Linden Hall with modern technology based classrooms
and positive learning environments.

3.3 Historical Requirements

Located in the center of the small, quaint town of Lititz,
PA, Stengel Hall dates back to 1748 and rightfully so
must comply with many historical requirements. The
zoning regulations require that any new construction
must conform to the same size, scale, shape,
orientation, patterns, materials, etc. of the surrounding
buildings. There are also very strict regulations on
demolition of buildings on this site. Any demolition of
a building in the historical district must be reviewed by
the Lititz Borough Historical Area Advisory
Committee for approval and a permit.

The design for the Center for Academic Excellence includes 10,050 square feet of demolition to
recently constructed additions. This will make room for the new addition and allow for a more
functional space as it provides access to Main St. and connects Stengel Hall to the Steinman
Performing Arts Center. This renovation was submitted and approved by the Historic District
and Special Exception Lititz Borough Zoning Hearing Board in September 2012

3.4 Structural System

The existing structure of Stengel Hall consists of a varying combination of concrete foundation
walls, brick, stone, and concrete masonry units. Specific information about the existing structure
was unknown to the design team and this presented complications during demolition. There are
many possible challenges when connecting two existing structures with an addition.
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The new portion of Stengel Hall will meet the floor
levels of both the existing structure of Stengel Hall
and the Steinman Performing Arts Center. A
concrete foundation will support the new addition
and the perimeter of the new construction will
consist of masonry walls. HSS columns and a 4”
concrete slab on metal deck system will provide
support to the interior portion of the Center for
Academic Excellence as seen in Figure 3.4.

Figure 3.4 | View from roof of existing Stengel Hall

3.5 Electrical System

The existing electrical system in Stengel Hall was in need of many major updates. The new
construction and renovations required a new service entrance which is now located along Main
Street and enters the building underneath the new public entrance. One main 120/208V, 3-phase
1200A distribution panel serves the electrical load of the building.

This main distribution panel distributes power to four smaller receptacle panels on each floor,
one main lighting panel, and two panels dedicated to mechanical equipment. Power is supplied to
the rooftop condensing units and elevator directly from the main distribution panel. Emergency
lighting and exit signs are connected to a local un-switched lighting circuit.

3.6 Lighting System

A combination of T8 and T5 fluorescent strip lighting fixtures and 6” recessed down light
fixtures are planned to replace the existing fixtures and become standard in the newly
constructed portion of Stengel Hall. Accent lighting in the lobby is comprised of under-counter
LED light strips and incandescent hanging chandeliers. Many chandeliers existing and new are to
remain in many entryways and add notable character to the spaces.

3.8 Sustainability Features

The Center for Academic Excellence construction was driven by costs and few sustainability
features were incorporated into the new design. A Carlisle Green Roof System w/ 2” Densdeck
is designed to be utilized on the lower roof level of the addition. The primarily will reduce storm-
water runoff but is intended to be used as a learning tool for students.
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4.0 MECHANICAL EVALUATION

A thorough investigation of the existing mechanical system was completed in order to grasp the
current state of operation. The following section provides an overview of the existing mechanical
design for the additions and renovations to Stengel Hall.

4.1 Design Influences & Objectives

There are many goals and requirements associated with the mechanical system of Stengel Hall
that have been outlined by the Linden Hall School. The design is required to meet all
requirements set forth by local codes and ASHRAE standards. It is also important that the system
is designed to be energy efficient. Furthermore, a minimum outdoor air quantity of 15 cfm per
student is requested by the school. Lastly, the school requires all equipment to be safe, protected,
and should be in good working order eliminating any hazards that could harm the building
occupants.

The mechanical design team for this project was required to face many issues that occur when
renovating an existing structure. The existing Stengel Hall was heated by the central steam boiler
and cooled using window AC units. Both of these systems were in need of being upgraded in
order to provide adequate comfort to the staff and students. Additionally, due to the historical
restrictions on the architectural design of the building, Stengel Hall was required to remain
consistent with the existing structure. This limited the amount of glazing therefore aiding in the
control of the solar heat gain to the building. However, the existing Stengel Hall has very low
floor to floor heights which severely limited the amount of ductwork that could be distributed
throughout the building. This eliminated the possibility of incorporating variable air volume
terminal units due to their need for additional ceiling cavity space.

The Linden Hall School for Girls is a private school and any federal funding, if any, is most
likely limited. Hence, it is understandable that the renovations and construction of this project
were driven by costs in addition to the special constraints of the existing structure. Multiple
potential solutions were evaluated when determining the mechanical system and the lowest
initial cost option was ultimately chosen and the total costs of the mechanical system is
summarize in Table 4.1.

TABLE 4.1-Costs

Building Area Cost per SF
New Construction $767,037.00 33.93 $/SF
Renovations $255,679.00 17.88 $/SF
Total $1,022,716.00 27.72 $/SF
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4.2 Existing Mechanical Design

4.2.1 - Air Supply/Return

The air side of the mechanical design for Stengel Hall is mainly
comprised of many small-scale constant volume fan coil units.
Although the size of these units varies depending on the load, there
are two main types; a horizontal unit and a vertical unit. The
horizontal configuration is shown in the air-side flow diagram found
in Appendix A-Figure A.1 and the vertical configuration can be
viewed in Figure 4.1. Both of these units are packaged by the
manufacturer and include the necessary filters, refrigerant cooling
coils, hydronic heating coils, and properly sized fan. The vertical fan
coil performs the same as the horizontal fan coil unit with the
exception that the mixing box is located at the floor level and turns L
the air upwards through the filters and coils. The vertical Figure 4.1-Vertical Fan Coil Unit
configuration is utilized where necessary to save space throughout

the building.

The mechanical equipment located in the basement provides air distribution at the ceiling level
for occupied basement-level spaces as well as floor distribution to many of the offices on the first
level in the existing portion of Stengel Hall. The first level of the addition portion is also served
by the equipment located in basement, but air is distributed from the ceiling rather than the floor.

The majority of the air supply to the second and third levels is routed from equipment located in
the unoccupied attic. These levels have a ceiling supply as well as high or low return which
depend on the space. There are a few air handlers located within the occupied floor plan that
distribute air to both the second and third level as necessary. Outdoor air is supplied from a
single attic fresh air intake location to these air handlers.

In addition to the fan coil units supplying conditioned air to the spaces, energy recovery
ventilators are utilized to precondition air for certain applications. The energy recovery
configuration can be viewed in the air-side flow diagram (Figure A.1 in Appendix A) as it
supplies mixed air to the typical classroom within
Stengel Hall and exhausts contaminated air from
classroom spaces to the outside. The energy recovery
ventilators reduce both sensible (temperature) and latent
(humidity) load on the coils in the fan coil units. These
units are also manufacturer assembled and include the
properly sized fan, filter, motor, and enthalpy wheel
within the unit. These components can also be seen in
Figure 4.2.

Figure 4.2-Energy Recovery Ventilator
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4.2.2 - Hydronic Systems

The hydronic system is comprised of five outdoor split system units for cooling and four high-
efficiency boilers to supply hot water. The outdoor split system units, located on the roof of the
addition, supply refrigeration to the DX coils within each fan coil, as shown in hydronic flow
diagram in Appendix A-Figure A.2. A dual manifold compressor is specified for all condensing
units in the Stengel Hall project. Additionally, hot water is supplied to the fan coil units from the
boilers located in the basement, also shown in the hydronic flow diagram. The boilers are
supplied water from the domestic water supply and a backflow preventer protects the domestic
water supply from being contaminated. The boilers are connected in series and filters and
expansion tanks are in place within the system. Due to the constant volume air system variable
frequency drives on pumps were necessary to provide sufficient control of the system.

4.2.3 — Mechanical Space

Due to the space limitations for ductwork throughout Stengel Hall both the attic and basement
needed to be utilized for equipment as well as allotting some areas within the occupied floor
plan. The areas are broken down by floor and summarized in Table 4.2. The resulting design
dedicated twenty-five percent of the building’s floor space mechanical equipment. The reason
the design needed such a large portion of space is because the mechanical system is comprised of
many small fan coils which all require their own individual clearances — quickly adding large
areas to the overall mechanical space. The boilers are located in the basement mechanical room
and exhaust out of the roof. The only exterior equipment for this design is the condenser units,
which are concealed on the roof. This area was not included in this analysis of mechanical
space.

TABLE 4.2 — Mechanical Space

RENOVATED NEW SHAFT TOTAL
LEVEL (SF) SF)  (SF) (S
BASEMENT 1759 1565 0 3324
FIRST FLOOR 0 0 103 103
SECOND FLOOR 0 118 79 197
THIRD FLOOR 0 99 122 221
ATTIC 1618 616 0 5234
9079 SF

4.3 Design Load Estimate

An energy model was created in order to estimate the design loads of Stengel Hall and for further
analysis of proposed changes to the mechanical system. The first step performed in creating the
energy model was to create a Revit model comprised of the exterior envelope and room layout.
Trane Trace® was then used to determine the heating/cooling loads and energy consumption.
For the purposes of this simulation the attic spaces, mechanical shafts, and elevator shafts were
not analyzed. Although there is heat gain to the building from these spaces, they are not
conditioned and it was assumed that there is little, if any, infiltration into conditioned spaces. In
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addition, stairwells were also not analyzed in this report. The stairwells are heated by cabinet
unit heaters and even though they experience solar heat gain it was assumed that they had little
effect on the building as a whole. The following sections provide a summary of the additional
assumptions and internal loads used in the energy model for Stengel Hall and a summary of the
results.

4.3.1 - Internal Loads

Many internal loads were taken into account for the setup of the energy model of Stengel Hall.

First and foremost, the occupancy, which was provided in the architectural plans, of each space
was established and a sensible load of 250BTU/hr and latent load of 200BTU/hr was estimated
for the building. A summary of occupancies per space can be found in Appendix A-Table A.2.

In addition to occupancies, many specialized lighting and equipment loads were analyzed in the
Stengel Hall simulation. The majority of the lighting in the renovation is fluorescent lighting
either recessed (mostly corridors) or pendant mounted (mostly classrooms and offices).
However, some more decorative luminaires and featured lighting displays are present in
entryways and lobbies. The lighting densities were analyzed on a watt per square foot basis for
each individual room and can also be found in Appendix A-Table A.2. In some of the existing
newly renovated spaces, lighting information was not provided and in those cases the load was
determined based on similar room function and size.

Lastly, The Academic Center for Excellence incorporates many new educational technologies
into the learning spaces which result in added load to the space. Smart boards have nearly
replaced traditional chalkboards and add significant load to the space while in use. Also, the
Linden Hall School provides personal netbooks for every student and students are expected to
use them during class. Each workstation in most of the classrooms accounted for this additional
load resulting from the netbooks. Additional equipment loads, summarized in Table 4.3, were
estimated based on general manufacturer’s specifications as well as assumptions on a watt per
square foot basis.

Table 4.3-Miscellaneous Loads

Load Source  Associated Load Source of Value

Smart Boards 300W, in use Manufacturer’s Specifications
Netbooks  30W, charging  Average of varied manufacturers
Desktop Computer 30W Average of varied manufacturers
Beverage Refrigerator 150w Manufacturer’s Specifications
Technology Server Room 25W/SF Assumed
Elevator Equipment 400W Assumed
Mechanical/Electrical Equipment 10W/SF Assumed

4.3.2 - Airflows

To ensure that the outdoor air ventilation rates designed for this building were properly
calculated in the simulation model a simplified method was used. Since Trace can either use
ASHRAE Std. 62.1 ventilation rates or a prescribed ventilation rate, a prescribed ventilation rate
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was chosen to get a more accurate representation of the intentions of the designer. This rate was
calculated by the following equation:

Sum of designed outdoor air [CFM]

Ventilation Rate = Sum of occupied spaces [SF]
This resulted in a ventilation rate of 0.306 CFM/SF which was applied to all occupied spaces
with the exception of restrooms and stairwells because the mechanical design of these spaces
rely on air transfer and infiltration, not ducted supply air. A disadvantage that was discovered
using this method was that the ventilation loads for individual systems varied from the designed
loads. However, the total ventilation load only varied by expected amounts and accurately
represented the design. Also, an assumed value of 2 air changes per hour was assigned to all
vestibule areas and spaces that provide access in and out of the building.

4.3.3 — Temperatures & Schedule

The indoor and outdoor temperatures used in the analysis of Stengel Hall are outlined in Table
4.4. Outdoor design conditions were determined from the ASHRAE Handbook — Fundamentals
(2005). The most extreme weather data (0.4% and 99.6%) for Philadelphia, PA were used for
this study. Indoor thermostat set points were not originally provided with the design information
for Stengel Hall and an assumed set point for both heating and cooling was made. Eventually, the
mechanical designer provided the set points for the building but at this point the model was
completed.

Table 4.4 — Temperatures

Cooling Heating
Outdoor Design Conditions 11.3°F 93.2°F
Occupied | Unoccupied | Occupied | Unoccupied
Initial Assumed Indoor Set Point 72°F 81°F 70°F 64°F
Actual Designed Indoor Set Point 75°F 80°F T72°F 67°F

The last input that made a substantial impact on the energy model created for Stengel Hall was
the building schedule. Table A.3 of Appendix A outlines the assumed schedule for a boarding
school facility which was determined based on combination of high school and middle school
schedules. Special considerations were given to the increased time students may spend outside of
their dormitories and in the classroom areas.

4.3.4 — Energy Model Results

The results of the heating and cooling load analysis were within reason of the designed
mechanical system. However, variations were immediately expected during this analysis because
of the method used for determining the volume of spaces. In Revit the areas of spaces were
determined from the centerline of the walls and therefore included the thickness of the walls as
occupied space. This resulted in an average area increase of 15% in the simulation model versus
the designed areas and at first glance the calculated loads were substantially greater than
specified in the design. However, when the loads were compared, see Table 4.5, on load/ft* basis
the results were an adequate reflection of the design.
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Table 4.5 — Load Comparison |

| Designed Computed % Difference
Total Airflow (cfm/ft) 0.896 0.856 4.45%
Ventilation Airflow (cfm/ft?) 0.275 0.269 2.18%
Cooling Load (ft*/ton) 390.2 355.7 8.8%
Heating Load (Btuh/ft?) 20.4 23.7 16%

In addition to the room areas differing from design, the plenum spaces were not modeled.
Finished ceiling heights were not provided in the design documents because the majority of the
spaces are open to the floor above. However, some spaces do have a ceiling cavity which was
not accounted for. This added unnecessary load to the simulation and could have been a reason
for the increase between computation and design.

Overall, when assessing the results on a zonal basis, the calculated cooling demand was
approximately ¥ ton greater than designed load. For the purposes of this analysis, this
consistency was within reason. However, the calculated heating demand was substantially higher
than the designed heating capacity and this increase may have been due to errors in outdoor air
quantities. Even though outdoor air rates were prescribed on a square foot basis Trace reported
many of the areas to use 100% outdoor air. This error was not able to be corrected for this report
and will be taken into consideration when analyzing results of proposed systems.

4.4 Energy & Cost Analysis

The building energy usage, which was estimated using Trane Trace®, was used to determine the
estimated annual energy consumption and operating costs. Typically, if the mechanical engineers
for the project had created an energy model, a comparison would have been made to determine
accuracy. However, due to the small size of the project and cost considerations it was not
realistic or beneficial for the engineers to perform an energy analysis.

However, a facilities study of the entire Linden Hall campus was performed in 2007. This study
includes, among other information, the 2007 state of all of the school’s facilities. This discussed
the mechanical and electrical program, condition, and projected costs of repair or modification.
The report also provided a summary of the 2005 & 2006 annual energy costs of each building.
For the purposes of this report the average 2005/2006 utility rates will be used to calculate and
compare operating costs. Figure 4.2 compares the average 2005/2006 electric use to the
calculated building electric use and gas consumption.

The peak electric load was not originally expected to occur in May but it makes sense because of
the decreased occupancy and demand during the summer at a school. Another interesting
outcome of the compared energy usage is the dramatic difference in electric usage during the
winter months. It is not entirely clear why this occurs but the data provided may have included
gas consumption in addition to electric consumption.
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Figure 4.2 Monthly Energy Usage
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Table 4.6 breaks down the building energy usage by source and provides an annual operating
cost. The electric rate below was determined based on the rates that were charged in 2006. The
electric operating costs are representative of 2006 electric rates because they can be easily
compared to the operating costs provided by the owner.

The computed operating cost of Stengel Hall is 0.62 $/SF and 2005/2006 the actual operating
cost was 1.78 $/SF. It should be noted that the 2006 Stengel Hall is not completely representative
of the newly renovated Stengel Hall but the electric consumption and costs are a helpful
comparison. The operating cost of the entire Linden Hall campus was approximately 1.51 $/SF.
In the facilities study, this value was compared to operating costs of 1.52 $/SF for other regional
schools and at the time this study was conducted the preparer of the report, thought this cost was
higher than expected because of the “residential nature” of Linden Hall.

Table 4.6 — Building Energy Consumption
ELECTRIC GAS

ELECTRIC OPERATING OPERATING E-Il-\l?E-II-?AC\SLY
SOURCE (KWh) COST COST (1.718 (KBTUyr)
(0.0842 $/kWh) $/ccf)

Heating 4,305 $362.48 586,424 $9,790.83 473,822
Supply Fans 25,192 $2,121.16 92,660
Lighting 44,748 $3,767.78 151,185
Receptacles 40,745 $3,430.73 136,333
Cooling 57,646 $4,853.79 214,557

TOTALS 172,636 $14,535.94 586,424 $9,790.83 1,068,736
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In addition to Table 4.5 a breakdown of the computed energy system based on the load source is
summarized below in Figure 4.3. Overall, the values seem to accurately represent the nature of
the load sources of Stengel Hall.

Table 4.3 - Energy Consumption

Receptacles
13%

Supply Fans
9%

Cooling Condensor Fans
3%

Electricity for the Linden Hall campus is distributed from PPL Power and natural gas is supplied
by UGI Utilities. The electric emissions rates were determined from the air quality report
published by PPL electric and are included in Appendix A — Figure A.4. The natural gas
emissions rates were determined from lecture material provided by Dr. Jim Freihaut and are
representative of on-site combustion for commercial boilers. These rates are also included in
Appendix A — Figure A.5. The total emissions due to the energy consumption of Stengel Hall are
summarized in Table 4.7. It is important to note that these values are determined from the
building energy use and do not include the decrease in efficiencies of burning or transmission.

Table 4.7 - Emissions

Fuel
PPL Emissions 4.2 1.2 920 Ibs/MWh
ELECTRIC
Stengel Hall 725.07 | 207.16 | 158825.12 | Ibs
GAS Natural Gas 0.111 | 0.000632 122 Ibs/1000ft®
Stengel Hall 63.26 0.36 69,527 | Ibs

788.33 | 207.52 | 228,352 | Ibs
0.0202 | 0.0053 5.86 lbs/ft?

TOTAL

4.5 LEED Analysis

At this point, the design team for the Stengel Hall-Center for Academic Excellence is not
applying for any type of LEED certification. Many of the requirements for LEED credits would
add cost to the project and this entire project is driven by costs. However, for the purposes of this
analysis, LEED credits were explored based on feasibility to the project, i.e. could the owner or
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design accomplish certain criteria if it were attempted. The LEED for Schools New Construction
& Major Renovations Rating Systems publication was used for this analysis and only credits
involving the designed mechanical system were explored; a summary of these credits are found
below.

= EA Prerequisite 1: Fundamental Commissioning of Building Energy Systems

The intent of this credit is simply to ensure that the energy-related systems are properly installed.
To achieve this credit the project team would be required to designate a qualified person as the
commissioning authority. Due to the small size of the project this person could be someone on
the design or construction team. This is a feasible credit for this project but no points are award
as it is required.

= EA Prerequisite 2: Minimum Energy Performance

This credit establishes a minimum level of energy efficiency for the building. The new
construction must demonstrate a 10% energy improvement in relation to a case study building
and the renovated areas must fulfill a 5% improvement in relation to the previous operating state.
The design must also meet ASHRAE standards. This point is feasible and previously determined
to comply with these requirements but is also a required credit and therefore does not receive any
additional points.

= EA Prerequisite 3: Fundamental Refrigerant Management

The intent of this credit is to ensure that ozone-depleting refrigerants are not used within cooling
components of the design. The refrigerant specified in the split system units is R-410A which
complies with this requirement. No additional points awarded.

= EA Credit 1: Optimize Energy Performance

The intent of this credit is to increase energy performance beyond the minimum set by the
prerequisite. Varying levels of points are awarded for increasing energy performance. To
evaluate this credit the energy performance based was on the simulated energy results from
Technical Assignment 2 and the 2006 energy bills as a basis for performance. The results of this
comparison showed drastic improvements to the energy performance and this design may
possible receive the full 19 points for this credit.

= EA Credit 2: On-site Renewable Energy

This credit recognizes efforts made to produce energy on site. Varying levels of points are
granted for the increasing percentage of renewable energy. Renewable energy is not a component
of the design for Stengel Hall or the Linden Hall Campus. No points would be awarded for this
credit.

= |EQ Prerequisite 1: Minimum Indoor Air Quality Performance
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The intent of this credit is to recognize buildings that provide proper amounts of ventilation to its
occupants based on ASHRAE Standard 62.1. As previously analyzed this building meets all
requirements set for ventilation rates by ASHRAE. This prerequisite is met.

= |EQ Prerequisite 2: Environmental Tobacco Smoke (ETS) Control

This credit protects the occupants from exposure to tobacco smoke. The school would be
required to prohibit smoking in the building as well as within 25 feet of any opening to the
building. This is a feasible credit to accomplish.

= |EQ Prerequisite 3: Minimum Acoustical Performance
The intent of this credit is to ensure a quiet learning environment for students. The background
noise of HVAC equipment and reverberation time within learning spaces must be limited.
Information on the acoustical characteristics of equipment was not provided however it is
assumed to be considered in the design of the mechanical system.

= |EQ Credit 1: Outdoor Air Delivery Monitoring

The purpose of this credit is to promote occupant comfort and well-being. The design would
require the monitoring of carbon dioxide throughout the building. This credit could be achieved
by adding CO, monitors to areas that experience high occupancy.

= |EQ Credit 2: Increased Ventilation

The intent of this credit is to provide additional outdoor air ventilation. The current design does
exceed the minimum set by ASHRAE Std 62.1 but not by the required 30% and would not
receive points for this credit.

= |EQ Credit 6.2: Controllability of Systems — Thermal Comfort

This credit is intended to give thermal control to at least 50% of the building occupants. At this
time, very little information on the controls of this mechanical system has been provided.
Therefore, it cannot be determined if this credit will be met.

It certainly seems viable for the Center for Academic Excellence to achieve LEED certification
but the steps necessary will add cost to the overall project. LEED certification does not add any
observable benefits to the school, and may be the reason why it was not a goal of the project.

4.6 Design Evaluation

The overall mechanical design properly addresses the school’s need for an improved system. The
previous two-pipe steam system has been replaced with high efficiency boilers serving individual
fan coil units. The boilers not only decrease energy use but they provide a safer distribution
system for the Academic Center for Excellence. The new mechanical design also provides air-
conditioning to all occupied areas of the building. Therefore eliminating the use of window air
conditioning units used in the existing Stengel Hall.
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However, the design team did have to sacrifice the opportunity for higher efficiency due to cost
restraints for the project. The added first costs of other potential mechanical systems were too
high for the budget of Linden Hall and therefore the lower cost option was chosen for the Stengel
Hall renovation and addition.

In addition to cost restraints, the physical limitations of the building were a major challenge the
design team successfully overcame. The low floor to floor heights and exposed ceilings
eliminated areas which would traditionally be utilized for ductwork. The amount of exposed
outdoor units also needed to be carefully considered in order to pass Historical Review by the
Lititz Borough. The finished design resulted in only five pieces of outdoor equipment which
were concealed on the roof. The use of several small units to supply air to zones also allowed for
certain parts of Stengel Hall to remain occupied during construction by relieving the need for the
mechanical design to be completed all at once.

One downside to having a large number of fan coil units and energy recovery ventilators is the
added maintenance involved. Each piece of equipment has its own filters, and additional
components which must be serviced routinely. This will ultimately add to the amount of
attention provided to the Stengel Hall mechanical system. Nonetheless, the mechanical system
determined by the design team was in the best possible interest of the Linden Hall School for
Girls at this time.
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5.0 PROPOSED REDESIGN OVERVIEW

The current mechanical system meets the needs of Stengel Hall and will provide a much more
comfortable atmosphere for learning. Due to the space limitations of Stengel Hall there are very
few alternatives for air distribution within the building. The current terminal unit design is
probably the best solution for the school, and therefore the area that has the most potential for
improvement is at the source of the heating and cooling. The current system selection was driven
by cost, ultimately the system with the lowest first-cost was selected, and there is great potential
to increase sustainability in the renovation and addition to Stengel Hall and the entire campus.

The overall goal of the proposed redesign
IS to provide a more sustainable and
maintainable mechanical system for
Stengel Hall and the Linden Hall School
for Girls. As per a facility study of the
Linden Hall campus, one of the
considerations of the school is to have a
campus-wide heating and cooling system.
The entire campus, found in Figure 5.1, is
comprised of two classroom buildings,
gymnasium, equestrian facility,
admissions office, student lounge, library,
dining facility, and three residential
buildings. Most of the buildings are
somehow connected or are in close
proximity to one another with the
exception of the gymnasium and
equestrian facility. A campus-wide
system could potentially reduce
maintenance costs and provide a more

&
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Figure 5.1 | Plan Courtesy of Chambers & Associates (labels & colors added)

Stengel Hall

efficient system. However, in order to evaluate the size of a system for the entire Linden Hall
campus, the demand loads for the other campus buildings will need to be determined. These
loads will be used in addition to the loads already calculated for Stengel Hall to explore possible

campus-wide heating and cooling.

Both geothermal and biomass systems have been successful in other Pennsylvania schools and
the Linden Hall campus could potentially benefit from these new developments. An additional
benefit of implementing new technologies into a school such as Linden Hall is the educational
value it adds for the students. For example, the addition and renovation of Stengel Hall includes
a green roof that will be used as a learning tool for students. A biomass system or geothermal
system will definitely provide the same kind of opportunities.
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5.1 Ground Source Heat Pump
Geothermal systems have become
increasingly popular for schools because
schools typically have land available for
geothermal piping. Linden Hall does have
space available for such piping within
proximity to Stengel Hall and surrounding
buildings. The available land can be seen in in
Figure 5.2 which is a bird’s-eye view of the
campus. A cooling and heating system
utilizing the grounds steady temperatures
would drastically change the energy needs of
the school and provide a much more energy
source. In which case, an analysis will be Figure 5.2 | Image Courtesy of bing.com - (shading added)
conducted to determine the loop size, layout,

and energy consumption associated by implementing ground source heat pump configuration. A
cost analysis and energy savings will determine the potential benefits of implementing a
geothermal system.

5.2 Biomass Energy System

By implementing a biomass system the school will be able to use renewable energy such as
wood or local farm waste to generate heat and electricity. This type of system is also becoming
popular for schools because of the advancing technology in the scalability of the system. Each
system is now designed to meet the needs and goals of the client. Research on possible biomass
systems will be conducted and, as in the ground source heat pump alternative, potential energy
savings from such a system will be analyzed and compared to the existing mechanical system.

The Lititz Borough Historical Area Advisory Committee has strict regulations on many of the
buildings on the Linden Hall campus including Stengel Hall. The facade must resemble that of
the existing building and new construction must conform to the same size, shape, orientation,
color, etc. Therefore, any exterior units must be carefully placed and also approved. There are
parts of the Linden Hall campus that are not under quite as strict historical review and these areas
are mostly used as athletic and equestrian facilities for the school. These areas provide an
opportunity to place a small structure to house additional equipment that would be necessary in a
biomass system.

5.3 Construction Management Breadth

The construction process will drastically be affected by either of the proposed mechanical
systems. A further investigation of the impacts on the construction schedule and added costs will
be conducted to fully evaluate the feasibility of either a geothermal system or biomass system.
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The biomass system will require an entirely separate building to house additional equipment; an
added expenditure that will play a heavy role in the viability of this system. Additionally, the
Linden Hall School’s schedule will play a heavy role on the flexibility to the construction
schedule.

5.4 Electrical Breath

The proposed mechanical systems will introduce additional equipment to Stengel Hall as well as
eliminating the need for some of the existing equipment. A study will be conducted researching
how the proposed changes will affect the electrical needs of Stengel Hall. Calculations will be
done to determine if the existing electrical distribution equipment is able to handle the additional
equipment load, if it is insufficient new distribution equipment will be selected.

Additionally, the existing electrical service for the campus is comprised of five service entrances.
Analysis will be performed to determine if the campus could efficiently operate with fewer
service entrances. This could potentially lower the electric rates charged by the power company
and save the school money. To do this, the electric bills for the Linden Hall campus will be
utilized to determine the demand and the PPL rates for varying demand levels and electric uses
will determine if there is any potential savings.
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6.0 CAMPUS LOAD CALCULATIONS

In order to conduct a realistic evaluation of a campus-wide geothermal heat pump or biomass
system, it was necessary to determine the heating and cooling loads for the other campus
buildings. Using floor plans supplied by Chambers & Associates Inc. and DesignBuilder, basic
building energy models were created for:

= Steinman Performing Arts Center & Classrooms

= The Castle & The Annex

= Taggart Frueauff Library (referred to as Library throughout report)

= Horne Dormitory & Honeycutt Hall

= Sweigart Sports & Fitness Center (referred to as Gymnasium throughout report)

EnergyPlus was then used to simulate the building loads and energy consumption for each
model. The same basic procedure was used for each analysis and many assumptions were made
due to the level of detail for analysis and lack of information regarding each building. The
following climatic model inputs were retrieved from DesignBuilder templates and used as a
standard for each simulation:

= Location: Reading, PA
= Heating design temperature: 9.14°F
= Cooling design temperature: 91.2 °F DB & 73.9 °F WB

In addition to the climatic data above, the construction data for each facility remained nearly the
same for every model. This was done to minimize the variations for each analysis and therefore,
the default medium weight construction data was utilized. Lastly, to ensure the models were
resulting in reasonable loads, the energy loads for heating, cooling, and ventilation were
compared to the national average energy intensities found in the 2003 Commercial Buildings
Energy Consumption Survey produced by the Energy Information Administration. This
document can be found in Appendix B-Figure B.1. The following sections provide a brief
overview the building analysis and summarize the resulting loads obtained from each simulation.

6.1 Steinman Performing Arts Center & Classrooms

The Steinman Performing Arts Center is approximately 20,600 square feet and is primarily
utilized for classrooms and the school’s theater. Due to the mixed use of this facility the energy
model was split into separate zones for the classroom portion and theater portion of the building.
The following load assumptions were made for the purposes of the heating and cooling
simulation:

= Schedule: Secondary school schedule revised to match the schedule of Stengel Hall
= Occupancy load: 0.01 people/SF (classroom zone) & 0.023 people/SF (theater zone)
= Lighting load: surface mount @ 2.3 W/SF
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= Miscellaneous loads: computers @ 5 W/SF (classroom zone)

= Heating & cooling system: VAV with terminal reheat

= Environmental set points: based on the set points provided for Stengel Hall
= Heating - 72°F occupied & 67°F unoccupied
= Cooling - 75°F occupied & 80°F unoccupied
= Ventilation — minimum 15 CFM/person as requested by school

The EnergyPlus simulation resulted in the HVAC energy intensities found in Table 6.1. These
loads were compared to the national average intensities for educational facilities, which are also
found in Table 6.1.

TABLE 6.1 — Steinman Performing Arts Center Building Ener

Heating Cooling Ventilation Total
National Average 39.4 8.0 8.4 55.8
Calculated Value 21.6 20.6 11.39 53.6

It was concluded that the building model accurately represented a facility of this size and
function due to the similarity of total energy intensities. Therefore, the peak loads for the
Steinman Performing Arts Center were determined to be:

= Heating design load peak: 568 kBTU/hr
= Cooling design load peak: 815 kBTU/hr or approximately 68 tons

6.2 The Castle & The Annex

The Castle & The Annex are two mixed-use buildings that are connected, forming an L-shape
and have a gross area of about 23,000 square feet. A 1,200 square foot student lounge, a recent
addition to the campus and connected to The Castle, has also been included in this load analysis.
Due to the variety of uses the model was split into separate zones based on function. The
swimming pool is located in the basement of The Annex and the following assumptions were
made for this zone:

= Schedule: Secondary school swimming pool

= Occupancy load: 0.016 people/SF

= Lighting load: surface mount @ 1.2 W/SF

= Heating & cooling system: Hot water radiator, not cooled

= Environmental set points: provided by DesignBuilder for pool facility
= Heating — 82.4°F occupied & 53.6°F unoccupied
= Cooling — 89.6°F occupied & 82.4°F unoccupied
= Ventilation — minimum 25 CFM/person

The basement and third level of The Castle are primarily used for storage and the following
assumptions were made for these zones:
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= Schedule: Secondary school storage

= Occupancy load: 0.0 people/SF

= Lighting load: surface mount @ 2.0 W/SF

= Heating & cooling system: Hot water radiator, not cooled

= Environmental set points: provided by DesignBuilder for storage areas
= Heating — 68°F occupied & 53.6°F unoccupied
= Cooling — 73.4°F occupied & 82.4°F unoccupied
= Ventilation — 0.197 CFM/SF

The remaining zones included the first and second levels of both The Annex and The Castle, as
well as the student lounge. These areas are primarily used for student living and faculty
apartments and the following load assumptions were made for these zones:

= Schedule: University bedroom

= QOccupancy load: 0.005 people/SF

= Lighting load: surface mount @ 1.2 W/SF

= Miscellaneous loads: computers @ 1 W/SF

= Heating & cooling system: Hot water radiator, electric cooling

= Environmental set points: based on the set points provided for Stengel Hall
= Heating — 72°F occupied & 67°F unoccupied
= Cooling — 75°F occupied & 80°F unoccupied
= Ventilation — minimum 20 CFM/person

The EnergyPlus simulation resulted in the HVAC energy intensities found in Table 6.2. These
loads were compared to the national average intensities for lodging, which are also found in
Table 6.2.

TABLE 6.2 —The Castle & The Annex Energy Comparison (kBTU/SF)

Heating Cooling Ventilation Total
National Average 22.2 4.9 2.7 29.8
Calculated Value 36 4.45 1.11 41.5

As expected there is a significant difference between national average for lodging and the
calculated values for The Annex and The Castle, especially for heating. This could be due to the
increased heating requirements for the pool zone as well as the differences in use between a
typical lodging facility such as a hotel and a boarding school dormitory. Therefore, it was
assumed the building model was an accurate representation and the peak loads for The Castle
and The Annex were determined to be:

= Heating design load peak: 626 kBTU/hr
= Cooling design load peak: 778 kBTU/hr or approximately 65 tons
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6.3 Library

The Taggart Frueauff Library was built in 1983 and is approximately 3,500 square feet. The
library is a very simple 2-story building, and the following load assumptions were made for the
purposes of the heating and cooling simulation:

= Schedule: Secondary school schedule revised to match the schedule of Stengel Hall
= Occupancy load: 0.0186 people/SF
= Lighting load: surface mount @ 2.2 W/SF
= Miscellaneous loads: computers & office equipment @ 1.5 W/SF
= Heating & cooling system: Hot water radiator, electric cooling
= Environmental set points: based on the set points provided for Stengel Hall
= Heating - 72°F occupied & 67°F unoccupied
=  Cooling - 75°F occupied & 80°F unoccupied
= Ventilation — minimum 15 CFM/person as requested by school

The EnergyPlus simulation resulted in the HVAC energy intensities found in Table 6.3. These
loads were compared to the national average intensities for educational facilities, which are also
found in Table 6.3.

TABLE 6.3 — Library (kBTU/SF

Heating Cooling Ventilation Total
National Average 39.4 8.0 8.4 55.8
Calculated Value 36.8 13.9 0.98 51.7

It was concluded that the DesignBuilder model was an accurate representation of a school library
by the comparison to the national average energy intensity for an educational facility. Therefore,
the peak loads for the Library were determined to be:

= Heating design load peak: 192.3 kBTU/hr
= Cooling design load peak: 99.3 kBTU/hr or approximately 8 tons

6.4 Horne Dormitory & Honeycutt Hall

The Horne Dormitory & Honeycutt Hall serve as Linden Hall’s primary dormitory and dining
facility. Connected by an enclosed bridge the two buildings are approximately 36,000 total
square feet. The building was split into several zones due to its mixed use. The dormitory section
of this facility was assumed to have the same load assumptions as the student living portion of
The Castle and The Annex (mentioned in section 6.2). The first level and a portion of the second
level of Honeycutt Hall are primarily kitchen storage and a student lounge. For the purposes of
this heating and cooling simulation the following assumptions were made for this zone:

= Schedule: University reception
= Occupancy load: 0.01 people/SF
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= Lighting load: surface mount @ 1.2 W/SF

= Heating & cooling system: Hot water radiator, cooled

= Environmental set points: based on the set points provided for Stengel Hall
= Heating - 72°F occupied & 67°F unoccupied
=  Cooling - 75°F occupied & 80°F unoccupied
= Ventilation — minimum 15 CFM/person as requested by school

A second portion of the second level of Honeycutt Hall is used for the kitchen and serving area.
The following internal loads were assumed for this zone:

= Schedule: Secondary school food prep
= Occupancy load: 0.0102 people/SF
= Lighting load: surface mount @ 1.2 W/SF
= Miscellaneous loads: additional equipment @ 3.7 W/SF (default from DesignBuilder)
= Heating & cooling system: Hot water radiator, cooled
= Environmental set points: provided by DesignBuilder for a food prep area
= Heating — 62.6°F occupied & 53.6°F unoccupied
= Cooling — 69.8°F occupied & 82.4°F unoccupied
= Ventilation — minimum 25 CFM/person

The remaining section of Honeycutt Hall is Linden Hall’s main dining facility. The following
assumptions were made for this zone:

= Schedule: Secondary school cafeteria

= QOccupancy load: 0.019 people/SF

= Lighting load: surface mount @ 1.2 W/SF

= Miscellaneous loads: additional equipment @ 1.85 W/SF

= Heating & cooling system: Hot water radiator, cooled

= Environmental set points: based on the set points provided for Stengel Hall
= Heating — 72°F occupied & 67°F unoccupied
= Cooling — 75°F occupied & 80°F unoccupied
= Ventilation — minimum 20 CFM/person

The EnergyPlus simulation resulted in the HVAC energy intensities found in Table 6.4. These
loads were compared to the national average intensities for both lodging and food service, which
are also found in Table 6.4.

TABLE 6.4 — Library (KkBTU/SF)

Heating Cooling Ventilation Total
National Ave_rage (mean yalue 395 11 8.15 59 25
for food service and lodging)
Calculated Value 28.3 6.1 .83 35.2
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The resulting energy intensity for the DesignBuilder model is much lower than the national
average, especially for the ventilation loads. This could be due to setting the HVAC template to
only account for natural ventilation (except for the food prep area) as that is how this facility
currently operates. It is assumed that the lower than average energy intensities are accurate
enough for the purposes of this analysis and the peak loads for the Horne Dormitory and
Honeycutt Hall were determined to be:

= Heating design load peak: 562.9 kBTU/hr
= Cooling design load peak: 960 kBTU/hr or approximately 80 tons

6.5 Gymnasium

The approximately 18,300 square foot gymnasium is another recent addition to the Linden Hall
campus and serves as the main fitness facility for the students. It includes a main gym, dance
studio, fitness room, and locker rooms. The following assumptions were made for the purposes
of the heating and cooling simulation:

= Schedule: Sport center (dry sport hall)

=  Occupancy load: 0.005 people/SF

= Lighting load: surface mount @ 1.4 W/SF

= Heating & cooling system: Constant volume heating and cooling

= Environmental set points: provided by DesignBuilder for a dry sport center
= Heating — 60.8°F occupied & 53.6°F unoccupied
= Cooling - 77°F occupied & 82.4°F unoccupied
= Ventilation — minimum 20 CFM/person

The EnergyPlus simulation resulted in the HVAC energy intensities found in Table 6.5. These
loads were compared to the national average intensities for buildings between 10,001 and 25,000
square feet, which are also found in Table 6.5.

TABLE 6.5 — Gymnasium (kBTU/SF)

Heating Cooling Ventilation Total
National Average 28.2 4.5 4.1 36.8
Calculated Value 20.7 8.7 n/a 29.4

The DesignBuilder model for the gymnasium did not take ventilation loads into account based on
the HVAC template selected. It was concluded, however, that the energy model is accurate
enough for the basis of this analysis and the peak loads for the Gymnasium were determined to
be:

= Heating design load peak: 477 kBTU/hr
= Cooling design load peak: 787 kBTU/hr or approximately 65.5 tons
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6.6 Conclusion

The peak heating and cooling loads are summarized below in Table 6.6. As expected the peak
cooling load is greater for every Linden Hall campus facility. Theses loads will be used to
determine the size and feasibility of both campus ground source heat pumps and a campus

biomass system.

TABLE 6.6 — Summary of Campus Loads

Peak Heating Load

Peak Cooling Load

Building [KBTU/hr] [KBTU/hr]
Stengel Hall 764.3 1087.2
Steinman Performing Arts Center 568 814
Library 192 99
The Castle & The Annex 626 778
Horne Dormitory and Honeycutt Hall 563 960
Gymnasium 477 787
Total 3190.3 4525.2
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7.0 GEOTHERMAL STUDY

As previously discussed, the hot water and chilled water loads of Stengel Hall are handled using
gas fired boilers and electric condensing units. Additionally, the heating and cooling systems in
other campus buildings vary in operation and physical condition. The objective of this study is to
determine if ground source heat pumps are a feasible heating and cooling solution to Stengel
Hall. Investigation was also conducted to determine the additional requirements for incorporating
the other campus buildings into a ground source heat pump system. This section provides a
summary of the analysis.

7.1 Site Geology
The characteristics of a particular site influence many components of a properly designed ground
source heat pump. It is important to have a thorough understanding of the presence or absence of
water, rock/soil type, depth to rock, and the water/soil temperature. To accurately determine such
characteristics sample boreholes and testing would need to occur prior to design. Unfortunately,
this type of testing is expensive and was not conducted for the renovation and addition of Stengel
Hall. For the purposes of this analysis, the information available from the Pennsylvania
Department of Conservation and Natural Resources and geothermal reference material was used
to estimate the necessary site

characteristics.

Figure 7.1 illustrates the standard
mean ground temperatures found
in the United States. From this
map we can determine that the
undisturbed ground temperature
for southeast Pennsylvania is
approximately 52°F.

To determine the conductivity and Figure 7.1 | Standard Mean Ground Temperature (E%, 27)

diffusivity of soil characteristic to

Lititz, Pennsylvania a geological map of Pennsylvania, Figure 7.2, was used. It was determined
that the Linden Hall School for Girls site consists of compact limestone bed. Using Table 5 in
Chapter 34 of the 2011 ASHRAE Handbook-HVAC Applications values for the average ranges
for conductivity and diffusivity were obtained. These values and the values assumed for this
analysis can be found in Table 7.1.

Table 7.1 — Thermal Properties of Soil (from 2011 ASHRAE Handbook of Fundamentals)

Rocks Conductivity [Btu/h*ft*°F] Diffusivity [ft*/day]
Limestone 141022 09to14
Value used in analysis 1.8 1.15
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Location: Lititz, PA
Rock types: Stonehenge Formation
(finely crystalline limestone) &
Millbach Formation (finely
laminated limestone)

7.2 Initial Design Considerations

Before determining the loop size and selecting equipment it was important to determine the basic
loop characteristics. From the geology survey, it was concluded that a closed loop system would
be used as opposed to an open loop system uses available groundwater as a heat source much
like a well. According to Geothermal HVAC: Green Heating and Cooling, a book recommended
by ASHRAE that covers the principles of geothermal heating and cooling, a vertical-loop piping
layout is the most common type of closed loop system. This is advantageous because the 2011
ASHRAE Handbook —-HVAC Applications provides a method for determining a vertical loop size.

In addition to the piping layout, other initial design considerations were made by following
recommendations found in Geothermal HVAC: Green Heating and Cooling and common
industry methods. The piping material was selected to be high-density polyethylene (HDPE) as
opposed to copper or PVC piping due to its good thermal conductivity, longevity, and low cost.
Lastly, grout was selected to backfill the boreholes, which will provide greater conductivity than
not backfilling the boreholes. Table 5 in Chapter 34 of the 2011 ASHRAE Handbook-HVAC
Applications provides conductivity of common grouts. These conductivities range from 0.42 to
1.40 Btu/h*ft*°F and for the purposes of this analysis an average conductivity of 1.0 was chosen
which resulted in using 15% bentonite/85% sand.
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7.3 Sizing Method

For the purposes of this analysis the sizing method outlined in Chapter 34 of ASHRAE
Handbook-HVAC Applications was used to determine an appropriate piping length. This length
will be sized to handle the heating and cooling loads of Stengel Hall alone as well as the entire
campus. This method uses adjustments made by Kavanaugh (1985) to an equation developed and
evaluated by Carslaw and Jaeger (1947) for the heat transfer from a cylinder buried in earth. The
adjustments account for the U-bend arrangement found in vertical piping and changes in the
thermal resistance of the ground.

The equations for determining the required bore length for heating and cooling are:

_ QaRga + (qic—341W.)(Rp+ PLEyRgm+ RgaFsc)

Lc

tg— 2 = tp
L= daRga + (qin—3.41Wp)(Rp+ PLFmRgm+ RgaFsc)
h = r_ twittwo _
g 2 14

The variables for these equations and their purpose are outlined below and a complete table of all
values used is included in Appendix C-Figures C.4 & C.5:

Required Bore Length, L. (cooling), Ly (heating)

The required bore length is what is being solved for. The larger of the two lengths should be
selected in order to be sure the ground loop will be able to handle the full load. Results for this
variable are discussed later in this section.

Short Circuit Heat Loss Factor, Fg

This factor is used to account for degrades in performance due to the short-circuiting heat losses
between upward- and downward- flowing legs of the U-bend loop. Values for this correction
were obtained from the 2011 ASHRAE Handbook-HVAC Applications and have been included in
Appendix C-Figure C.2. For this analysis a flow rate of 3gpm/ton (recommendation from
McQuay Design Manual) was used and only one bore/loop was planned for. This resulted in a
short circuit heat loss factor of 1.04 which will increase to total length of the loop.

Part-Load Factor During Design Month, PLM,

The part-load factor during design month is a factor that can be used to adjust the effective
thermal resistance of the ground. Since part-load performance is unknown, for the purposes of
this analysis a PLF of 1.0 was selected because it supports a worst-case condition.

Building Design Cooling/Heating Block Load, gy (cooling), qi» (heating)

This is the load in which the ground loop should be able to support and was determined in
previous analysis. The cooling load should be negative for the purposes of this calculation. Table
7.2 summarizes the loads used in this calculation.
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Table 7.2 — Building Design Loads

Peak Heating Load Peak Cooling Load
[Btu/h] [Btu/h]
Stengel Hall 764,300 -1,087,200
Entire Linden Hall Campus 3,190,300 -4,525,200

Net Annual Average Heat Transfer to Ground, g,

This term is estimated by the difference between the design heating load and cooling load. It
essentially adjusts the size of the loop for the additional heat the ground is forced to absorb. In
this case the net annual average heat transfer to ground will be 322,900 Btu/h for Stengel Hall
and 1,334,900 Btu/h for the entire campus. This will also increase the size of the loop.

Thermal Resistance of Bore, Ry,

The thermal resistance of the bore is dependent on the conductivity of the grout, the diameter of
the bore, the piping material, and the U-tube diameter. VValues for this correction were obtained
from the 2011 ASHRAE Handbook-HVAC Applications and have been included in Appendix C-
Figure C.1. For this analysis, a U-tube diameter of 1-1/4” and borehole diameter of 6” were
chosen because it was expected that the total bore length would decrease when coupled with
larger pipe diameters. This would be beneficial for the large loads of the entire Linden Hall
Campus. Using the grout conductivity previously determined of 1.0 Btu/h*ft*°F the resulting
thermal resistance of the bore is 0.09 Btu/h*ft*°F.

Effective Thermal Resistance of Ground, Ry, (annual), Ryq (peak daily), Rgm (monthly)

The sizing method used for this analysis requires the equivalent thermal resistances of the ground
over a series of heat-rate “pulses” to be calculated. This can be done using an annual, monthly,
and peak daily heat pulse time period. The 2011 ASHRAE Handbook-HVAC Applications
suggests using heat pulses similar to the following: (t = time of operation)

Annual — 1 year pulse; 1¢= 365 days
Monthly — 1 month pulse; ;=365 + 30 = 368 days
Peak Daily — 6 hour pulse;  t,=365 + 30 + 0.25 = 368.25 days

The next step is to determine the Fourier numbers at each of the time pulses. The Fourier number
depends on the time of operation, t, the thermal diffusivity of the ground, a (found to be 1.15
ft?/day from the geology study), and the diameter of the bore, dy (0.5 as previously discussed).
The following equation was used for this calculation as recommended by ASHRAE and the
resulting Fourier numbers are listed in Table 7.3.

4at
Fo = d_,%
The Fourier numbers were then used to determine the G-Factors necessary for the thermal
resistances. The G-Factors were obtained from the Fourier/G-Factor Graph for Ground Thermal
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Resistance which was included in Appendix C-Figure C.2. The resulting G-Factors are listed in
Table 7.3. The effective thermal resistance values of the ground were finally determined using
the following equations and the resulting values are listed in Table 7.3.

R = (6r6) _ (61-6y)

R =
a m d
g kg g kg g kg

Table 7.3 — Effective Thermal Resistance Values

Time Pulse I\Fl S:Jnrt'gr G-Factor Th?;QﬁLEQFe/SéSILa]me
Annual 7272.6 0.76 0.1167
Monthly 556.6 0.55 0.172
Peak Daily 4.6 0.24 0.133

Undisturbed Ground Temperature, tq
This value was determined in the geology study. The average undisturbed ground temperature
for Lititz, PA is 52°F.

Temperature Penalty for Interference of Adjacent Bores, tp,

The temperature penalty for interference of adjacent bores is used to mitigate long-term heat
build-up for small separation distances. The further apart the boreholes are the lower the
temperature penalty and the smaller the required loop length. For this analysis an initial
separation distance of 20ft was selected and the ground temperature was used in conjunction
with estimated equivalent full load heating and cooling hours. The temperature penalty was
determined to be 1.8°F, which was found using Table 7 of Chapter 34 in the 2011 ASHRAE
Handbook-HVAC Applications and has been included in Appendix C-Figure C.3.

Liquid Temperature for Heat Pump, t,; (inlet), t,, (outlet)

It was difficult to determine the appropriate liquid temperatures at the heat pump inlet and outlet.
As per the recommendations in the 2011 ASHRAE Handbook-HVAC Applications, t,; should be
approximately 20-30°F higher than the temperature of the ground during the cooling design
months and approximately 10-20°F lower than the temperature of the ground during the heating
design months. This allows for a reasonable tradeoff between loop length increase due to having
twi close to the temperature of the ground and the system operating efficiency. For the purposes
of this analysis this recommendation was followed in conjunction with the Trane heat pump
specifications. A change in temperature of 10°F was assumed across the source coil. The
resulting temperatures used for this analysis are summarized in Table 7.4.

Table 7.4 — Liquid Temperature for Heat Pump (source side)

twi’ OF two’ OF
Heating Design 35 45
Cooling Design 65 75
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System Power Input at Design Load, W, (cooling), W (heating)

The system power input at design load is the additional load of the pump used for the system at
its maximum capacity. This was initially estimated to be 10,000 W for both the heating and
cooling calculations because the pumping requirement was unknown. After the pumping input
was determined and a pump was selected the input could have been adjusted to approximately
5,600 W for both heating and cooling. However, this had very little effect on the total loop size
and instead of adjusting the piping layout, the original input remained.

7.4 Piping Layout
Surprisingly, the bore length calculation resulted in a heating dominant ground loop. The goal of
this analysis is to size the ground loop to handle both the heating and cooling load so therefore
the loop will be sized on the total length required for heating. As suggested by ASHRAE and due
to the available land on the Linden Hall campus the boreholes were spaced at 20 ft on-center. To
avoid balancing issues throughout the ground loop, a reverse return piping layout was chosen,
meaning the total length of pipe is the same for each borehole. The following sections illustrate
the ground loop layouts for
Stengel Hall alone and for the
entire campus.

7.4.1 — Stengel Hall Layout
Through the bore length
calculation, it was determined that
Stengel Hall needed about 25,000
feet of bore to handle the full
heating load. As per an industry
recommendation from Kirk
Mescher, a borehole depth of 400ft
was chosen and this resulted in 63
necessary boreholes.

Construction sensitive areas and
existing pathways were avoided in
the selection of the well-field
location but it was important to
keep the wells as close to Stengel
Hall as possible. As seen in Figure
7.3, an open area of campus
behind the dormitories was chosen
for the boreholes. Note that piping
in Figure 7.3 was enlarged for
readability purposes and the layout
carefully considered the property
lines and existing structures.
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7.4.2 — Campus Layout

In addition to the layout for Stengel Hall, it was determined that the total bore length necessary
for the remainder of the campus was 83,800 feet. This means that in order to convert the rest of
the campus into using geothermal energy, it would require an additional 210 boreholes at a depth
of 400 ft. In order to reduce piping and pumping requirements the well-field was split into three
smaller distribution sections.

As seen in Figure 7.4, one section is planned to serve the Library, Stengel Hall, and The
Steinman Performing Arts Center and is comprised of 114 boreholes (necessary for the loads
from these buildings). This section was chosen due to the route in which the piping takes in order
to get the Stengel Hall and because Stengel Hall and The Steinman Performing Arts Center are
connected. A second distribution loop serves The Annex, The Castle, Horne Dormitory, and
Honeycutt Hall and is comprised of 104 boreholes (necessary for the loads from these buildings).
This piping section enters the building at a central point in Horne Dormitory and can be
distributed from this point. The last looping section has 59 boreholes and is separate from the
rest because it was located closer to the load in which it serves; the Gymnasium.
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Overall, the well-fields for both piping layouts took property lines, building clearances, and
existing development into consideration. Although additional landscaping will be required after
drilling, there is no need for drilling in recreational locations such as the equestrian riding
facility, and the school’s sports fields. One issue with the proposed layout is around the corner of
the Library and Horne Dormitory. This area does not provide exact reverse return because it
must maneuver around the building (campus layout) and irregular borehole loops (Stengel Hall
layout). Additional balancing valves may be required for this distribution loop. Further
discussion of costs associated with the installation and scheduling of the ground source loops is
discussed in the Construction Management section of this report.

7.5 Equipment Selection

The following section explains the process followed for selecting equipment for the geothermal
system. For the purposes of this analysis, equipment was only selected for Stengel Hall. The goal
of this section is to determine the most efficient and maintainable equipment for the proposed
ground loop.

7.5.1 — Head Loss Calculation

Since the piping layout is reverse return, each bore should have the same head loss. Therefore,
for this analysis, the total head was only calculated for one borehole location and this was
calculated in two different sections; the main header and the branch loop. The branch loop was
assumed to be the same pipe diameter as the U-tube, 1-1/4”, and the main header was assumed to
have a constant diameter to reduce the total lost head. Based on the peak flow of the loop and
while trying to keep the total lost head at a minimum, the main header was determined to have a
diameter of 4”. The following steps show the calculation for the total lost head using an
equivalent length procedure from McQuiston’s Heating, Ventilating, and Air Conditioning-
Analysis and Design and the appropriate ASHRAE Handbook-Fundamentals charts.

Equivalent length of branch and borehole = 400 ft (downward leg of borehole)
400 ft (upward leg of borehole)
100 ft (longest branch length; 5 bores at 20ft O.C.)

14 ft (2-tee fitting, branch @ 7ft each) | see Appendix C-Figure C.6
+ 14 ft (4-90° elbows @ 3.5ft loss each) | for sample fitting calculation

Total =928 ft
Lost head for branch = 928ft » 22L5 = 4,64 ¢ | See Appendix C-Figure C.4 for
100 ft obtaining loss due to friction value

The value for the lost head of the branch length was then added to the lost head of the main
header. This was calculated by determining the head lost through each section of the loop
because as the flow decreases and the pipe size remains constant the head loss per 100ft of pipe
also decreases. Table 7.5 summarizes this calculation which results in a total head loss of 66.3 ft.
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Therefore the pump will be sized for a head loss of 71ft and a capacity of 270 GPM. For the
purposes of this assignment the head loss was only calculated for the Stengel Hall loop.

Table 7.5 — Lost Head for Main Header

Loop Length Flow Head o FiFting Total
Section [FT] Rate Loss Fittings Equivalent | Head
[GPM] | [ft/100ft] Length [ft] | Loss [ft]

Header 1290 270 4.1 (10) 90d Elbows 110 57.4
Branch 1 40 249 3.9 (2) Tee, through 14 2.1
Branch 2 40 228 3.2 (2) Tee, through 14 1.7
Branch 3 40 203 2.5 (2) Tee, through 14 1.4
Branch 4 40 178 2.2 (2) Tee, through 14 1.2
Branch 5 40 153 1.5 (2) Tee, through 14 0.8
Branch 6 40 147 1.4 (2) Tee, through 14 0.8
Branch 7 40 126 1 (2) Tee, through 14 0.5
Branch 8 40 105 0.8 (2) Tee, through 14 0.4
Branch 9 40 84 0 (2) Tee, through 14 0.0
Branch 10 40 63 0 (2) Tee, through 14 0.0
Branch 11 40 42 0 (2) Tee, through 14 0.0
Branch 12 40 21 0 (2) Tee, through 14 0.0
TOTAL HEAD LOSS 66.3

7.5.2 — Pump Selection

The pump required for the Stengel Hall ground loop
was selected based on the previous total head loss
calculation and the peak flow of the loop. Bell &
Gossett has published helpful pump selection figures
for determining appropriate pump with optimum
efficiency. A base-mounted centrifugal pump, as
seen in Figure 7.5, was determined to be appropriate
for the task of pumping water through the ground
loop piping and to the heat pumps throughout the

building. Figure C.7 of Appendix C was helpful in RS E A T
determining the recommended pump model number (Image courtesy of Bell & Gossett)

that would have the best performance. This diagram

narrowed down the selection to three possible models, each having a different speed. The pump
with the greatest efficiency was chosen resulting in a speed of 1,750rpm. This pump performance
curve is included in Appendix C — Figure C.8. Table 7.6 outlines the key characteristics of the
selected pump in a pump schedule. Two pumps would typically be specified for this application
for redundancy. This will ensure that the school will not lose heating and cooling if a pump goes
down and allows for regular maintenance.
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Table 7.6 - Ground Source Pump Schedule

Motor
Equipment Flow | Head | Impeller | Operating
Tag Manufacturer | - Model No. [opm] | [ftwc] | Diameter | Efficiency RPM HP F‘IE;E)nee Volt/Hz/Ph
Bell & Series 1510: "
GSWP-1 Gossett 2-1/2 BB 270 71 9 76.5% 1750 | 7.5 | 213T 460/60/3
Bell & Series 1510: "
GSWP-2 Gossett 2-1/2 BB 270 71 9 76.5% 1750 | 7.5 | 213T 460/60/3

7.5.3 — Heat Pump Selection

The proposed system will require water-source heat
pumps to replace the existing fan coil units. Although
expensive, it is intended that each fan coil unit be
replaced with a water source heat pump of the same
nominal tonnage and total airflow rate. Trane
manufactures such heat pumps ranging from % to 5 tons,
that can be installed horizontally or vertically (see Figure
7.6) similar to the existing fan coil units designed for the
space. Performance data for the specified heat pumps has
been included in Appendix C — Figure C.9.

Figure 7.7 illustrates the flow diagram of the proposed
ground source heat pump configuration. As previously
stated, the ground source loop will eliminate the need for
the condensing units and boilers from the
existing mechanical system. Figure 7.7 o8-

TYPICAL WATER
SOURCE HEAT PUMP

Figure 7.6 | Water Source Heat Pump (Image courtesy of Trane)

7.6 Energy & Emissions Comparison
An energy comparison was made using the
Trane Trace model previously created for the
existing mechanical system of Stengel Hall.
Modeling the ground loop system began as a
challenge but with the assistance of the Trace
Tech Support team the proper adjustments were
made for the integration of using the ground as WATER SOURCE HEAT PUMP FLOW DIAGRAM
the heat sink and heat source. Since, the
capacity, loop size, and total head was already
determined the ground source loop was set to handle the full heating and cooling load of Stengel
Hall. Otherwise, Trace may have relied on backup energy consumption as a secondary source of
heating and cooling.

-/ -/ J -/
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Table 7.7 shows the energy consumption summary for the existing boilers and condensing units
and the proposed ground source heat pumps. As expected the primary heating consumption for
the heat pumps is solely electric use and the gas consumption was eliminated from Stengel Hall.
The cooling energy consumption was slightly less than the heating consumption which reflects
the previous findings of the ground loop being heating dominant.

However, the biggest and most influential load for ground source heat pumps is the pumping
requirement. The pump selected for Stengel hall was 7 % hp and is assumed to be constant
volume. ASHRAE Standard 90.1 requires that any pump over 10hp must have a variable flow, so
it may not be uncommon to use a variable flow pump in this situation. However, for the purposes
of this analysis a constant volume pump was selected. The pumping energy accounts for
approximately 22% of the entire building energy consumption. This is to be expected
considering the purpose and application of using a ground loop. One concern with this
comparison is the calculated gas load for the boilers. This calculated load is approximately 16%
more than the designed heating load, so making a direct comparison may not be the most
accurate. However, once adjusted and converted to kBtu/yr the total building energy usage for
the ground source heat pump application is approximately 42% lower than the existing
mechanical system. (See below for calculations)

Table 7.7 - Energy Consumption Summary
Electricity

kWh

Boilers &
Condensing
Units

| 586,424
‘ 0

Boilers &
Condensing
Units

Heating
Primary Heating

Other Heating Accessories
Cooling

Cooling Compressor
Tower/Cond Fans 16,039
Other Heating Accessories |
Auxiliary
Supply Fans
Pumps

586,424 kBtu/yr

87,143 kWh/yr
297,332 kBtu/yr

Building Consumption

586,424 (1 — 0.16) = 492,596 kBtu/yr

492,596 + 297,332 = 789,928 kBtu/yr
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789,928 — 460,681
789,928

*100% = 41.6%

It was also interesting to compare the estimated monthly electric usage trends for the two
systems. Figure 7.7 illustrates the calculated monthly electrical usage, and during the summer
months the trends are very reflective of each other. Even though the geothermal electric use is
slightly lower than the existing systems during these months, it was reassuring that the energy
model was producing electrical loads with same trend during months of pure cooling. As

expected

the geothermal system has an increased electrical load during the winter months

because during the heating season the existing mechanical design depends on gas fired boilers.

Electric Use (kwh)

Figure 7.7 Monthly Estimated Electrical Comparison
25000
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Using the emissions rates previously determined for both the electric produced from PPL Power
and natural gas, an emissions comparison between the proposed ground source heat pumps and
the existing system. For the purposes of this calculation it was assumed the receptacle and
lighting loads remained constant between the two systems and therefore were not included. Table
7.8 summarizes the emissions calculations and provides a percentage increase or decrease in
pollutants based on the existing system.

Table 7.8 - Emissions Comparison |

Rate Existing System Geothermal _
; . . Difference
Pollutant | Electric Gas Electric[, Gas Total [Ibs] (electric only) [%]
[Ibs/MWHh]| [Ibs/1000ft%] | [Ibs] | [Ibs] [1bs]
NOy 4.2 0.111 366 | 63.3 429 567 32%
SOx 1.2 0.000632 105 | 0.360 105 162 54%
CO, 920 122 80,172| 69,527 | 149,699 124,166 -17%
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The added dependency on electricity actually decreased the CO, emissions but ended up
increasing the amount of nitrogen oxides and sulfur dioxides released into the atmosphere. This
is because natural gas emissions do not contain a large amount of NO, and SOy particulates.

7.7 Cost Comparison

The estimated cost of the proposed geothermal system was determined in the construction
management breadth of this report and resulted in a total cost of about $465,080.00. This
includes the cost of the ground loop piping, pumps, and water source heat pumps which are
proposed to replace the fan coil units, boilers, and condensing units. Using RS Means
Mechanical Cost Data the cost of these existing elements was estimated because detailed
mechanical costs could not be obtained. The results are as follows:

= Fan Coil Units: $29,709
= Gas-Fired Boilers: $45,900
= Split System Condensers: $104,310

This resulted in an increase of about $285,080.00 to install the proposed geothermal system
instead of the existing system. Using the energy information presented in the previous section
and the utility rates previously defined, an annual utility cost savings of $5,764.39 was
determined. This included an in electricity costs of $4,026.44 and decrease in gas costs by
$9,790.83 annually.

To determine the payback period of the proposed geothermal system constant inflation rates
were assumed. Although the electricity and gas market tend to be competitive with one another,
an inflation rate of 2% was assumed for natural gas and an inflation rate of 1% was assumed for
electricity. These are hypothetical values used for the purposes of comparison. Maintenance
costs between the two systems were assumed to be very similar and were not included in this
calculation. The simple payback period was then determined to be approximately 32 years and
this calculation can be found in Figure C.10 of Appendix C.
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8.0 BIOMASS STUDY

Developing practical applications of renewable energy has been the focus of many engineers for
decades. However, some of these technologies are proving to be a worthwhile investment. The
objective of this study is to research the applications of biomass energy and evaluate the
feasibility of implementing bioenergy technology into the Linden Hall campus. The goal of this
analysis is to provide a sustainable, maintainable, and cost effective system. The following
sections provide a summary of research findings, a recommended system, and expected energy

use.

8.1 Biomass Energy Background
Defining “biomass” was the first step taken in
the research for this analysis because the term
seemed to have a broad meaning and swept
over a range of fuel sources. Therefore, in this
analysis, biomass is defined as a renewable
organic material, typically plant matter, that
can be converted into a source of heat or
electricity. Most common forms of biomass
are materials such as wood, grasses, and
manure. The fuel sources will be discussed in
more depth in the next section. As per the
U.S. Energy Information Administration,
biomass has come to be the dominant fuel
source for renewable energy (see Figure 8.1).

Figure 1.2 Renewable energy consumptionin the nation's energy supply, 2009

Tolal: 94.628 quadsillion Blu

Renewable
Energy 8%

Nuclear Electric
Power 9%

Source: U.S. Energy Information Administration

Total: 7.756 quadillion Btu

Solar 1%

Biomass 51%

Geothermal 5%

Hydroelectric 34%

Figure 8.1 | Image courtesy of U.S. EIA

The most common form of converting biomass fuel to “biopower” is through direct burning. The
burning of biomass can easily be used to produce hot water or steam power that can be used for
heating applications. However, recent developments have found efficient was biomass can also
be used to produce electricity. This process involves the turning of a turbine that in return
produces electricity and there are a number of ways to achieve this.

The most common way of producing electricity with biomass is with direct combustion which
again involves the production of steam but instead of heating is used to turn a turbine. However,
this method is very wasteful and could lead to producing excess pollution. A more efficient way
of producing electricity is through biomass gasification. This involves controlled heating of
biomass and oxygen which can be used to produce a gas mixture of hydrogen and carbon

monoxide. This gas can then be used to power a gas turbine for electricity. Lastly, an

increasingly popular form of producing biopower is through anaerobic digestion. This process
involves the use of an anaerobic digester to break down the biomass with micro-organisms to
produce methane gas. The methane gas is then, once again, burned to produce heat and power.
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Although there are many uses and applications for biomass fuels careful attention to must be
paid to the impacts biomass use has on the environment. Although renewable many forms of
biomass have the potential to harm ecosystems if harvested too quickly. Most states have
existing forest management plans that protect the over-harvesting of woody biomass and
perennial crops like switch grass will typically be fully harvested and replanted each season.
However, there is still potential for over-harvesting any form of biomass if best management

practices are not followed.

8.2 Fuel Selection

Selecting an appropriate type of biomass fuel is a critical
step in determining the feasibility of implementing a
biomass system. There are many factors that contribute to
the selection of one fuel over another but, as you can
imagine, the selection of fuel is driven by costs. The main
contributor to cost is the availability of particular source.
For instance, sugar cane stalks would not be a practical
source of fuel for a biomass system in Lititz, PA because
there is very little if any sugar cane grown in Pennsylvania.
Likewise, animal waste would not be a practical source of
fuel for an urban location because animal waste is not a
typical product found in cities. The practical fuel sources
considered for the Linden Hall School for Girls are:

= Switch grass (Figure 8.2)

= Manure

= Green wood chips (Figure 8.3)

= Kiln dried wood chips (Figure 8.4)
= Woody pellets (Figure 8.5)

Lititz is located in the heart of Lancaster County, an area
known for its farming and agriculture. The Penn State
Bioenergy Symposium on February 29,2012, provided
helpful insight into the outlook for biomass crops and
discussion from industry professionals aided in selecting an

appropriate fuel. Switch grass, although a perennial, farmed
crop, has not been popular with Lancaster County farmers
because it must compete with food crops and in comparison
is not advantageous. Woody pellets and kiln dried wood
chips have about a 50% higher energy content than green
wood chips but pellets are about four times more expensive
and kiln dried wood chips are not commonly found in most
areas of the United States.

Figure 8.5 | Image courtesy of Biomass Magazine

Stengel Hall — Center for Academic Excellence | Madeline Haus



This leaves manure and green wood chips as potential fuels for a biomass system at Linden Hall.
Weaber Lumber Inc., located in Lebanon, PA (about 17 miles from Lititz) is a major producer of
hardwood lumber and sells the secondary hardwood products produced from the generated wood
waste. Table 8.1 summarizes the costs associated with the delivery and production of Weaber
Lumber wood chips. Additionally, Linden Hall has an extensive equestrian program on campus
and currently pays an outside contractor to remove the horse waste. Estimates, summarized in
Table 8.1, on the amount of waste produced and costs of removal were obtained from the
maintenance staff at Linden Hall. Paul Lewandowski, from AFS Energy Solutions, a leading
biomass boiler manufacturer located in central Pennsylvania, the equestrian waste can easily be
mixed with green wood chips to produce an ideal fuel for the Linden Hall School.

Table 8.1 - Biomass Fuel Costs for Linden Hall

Initial Cost of Rental .
Biomass Fuel Cost [per | Delivery DZﬁCZ/r Dumpster Cost CE:?:[ tt 0 Emgﬂth / De-lri?/tearl ?Ié)::n%(/al
Ton] [per Ton] y [per month] Pty Y
Green Wood Chips | $40.00 $10.00 25 $1,250.00 per delivery
Equestrian Waste $1,100.00* $865.00 3 $2,830.00 per month
*Includes emptying dumpster once

8.3 System Recommendation

8.3.1 — Case Studies

The selection of an appropriate biomass system was based on case studies and industry
recommendations from Paul Lewandowski, a representative of AFS Energy Systems located in
Lemoyne, PA (about 35 miles from Lititz, PA). AFS Energy Systems is a leading biomass
systems manufacturer that designs, builds, and installs biomass boilers.

According to Lewandowski and other schools operating on biomass energy, combined heat and
power is not a feasible alternative for small scale projects such as the Linden Hall School for
Girls. Producing electricity, whether using direct combustion or anaerobic digestion, has very
high initial costs due to the additional equipment and setup. This results in very long payback
periods and is not always a worthwhile investment.

However, using a biomass boiler is not only sustainable but can lead to cost savings over time.
Bennington College located in Bennington, VT discovered the benefits of utilizing a wood-fired
boiler system after deciding to reduce the college’s dependency on #4 oil. Originally, the school
was solely interested in “going green” and implementing a sustainable form heating. However,
after AFS Energy Systems installed the 400 horsepower wood-fired boiler the school noticed
immediate results which combated to rising oil costs.

Likewise, many Pennsylvania school districts have begun implementing wood-fired boilers.
Most notably, Sullivan County Schools recently installed a biomass boiler system that reduces
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Sullivan County’s dependence on imported oil by over 50,000 gallons of fuel annually, as per the
press release on AFS Energy Systems’ website. Penns Valley School District has also recently
implemented a biomass boiler system to provide steam heating to the district’s elementary and
intermediate school. This system is expected to reduce the district’s oil use by over 60,000
gallons per year (Mahon). However, both Penns Valley and Sullivan County schools were
eligible to receive grants to offset the high initial costs of their biomass systems. It is assumed
that because Linden Hall is a private institution they will not have the same advantage.

8.3.2 — System Selection

The system that was recommended and selected for the Linden Hall School for Girls is a 100
boiler-horsepower wood-fired boiler. An elevation of this system can be seen in Figure 8.6 and
the specification sheet is included in Appendix D — Figure D.1. This system will be able to
provide low pressure (15 psig) steam to the entire Linden Hall campus. A biomass boiler for only
Stengel Hall was not a cost effective investment and was not analyzed in this analysis.
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Figure 8.6 — Image provided by AFS Energy Systems

This setup includes a self-feeding bin which limits the attention required by the maintenance
staff. A fly-ash collector is also included as an element of this system to collect the ashes from
the burnt wood and manure. This filter reduces the emissions released into the atmosphere but
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needs to be emptied about once a week. Further
information on emissions will be discussed in the
conclusion of this report.

8.3.3 — Mechanical Room Layout

The selected type of boiler can encompass a very
large space as seen in Figure 8.7. However, the 100
horsepower system is much smaller than the one
photographed here and can fit indoors. The
basement of the Steinman Performing Arts Center
houses the existing steam boilers and is large
enough to house this system. However, the
location is not convenient because there is not an
area for the delivery and storage of fuel. In
addition, the school has previously stated that
having a large boiler system within a classroom
facility is not ideal for safety purposes. So, a
separate structure, as seen in Figure 8, to house
the biomass boiler and fuel is necessary. Since,
the Linden Hall campus is within a historic
zoning district a separate structure may be
scrutinized if it is located near the historic section
of campus. So, the suggested location for this
structure is between the existing maintenance
shed and equestrian facility as seen in Figure 8.9.
This location has a separate entrance that prevents
large vehicles from driving through the main part
of campus. It is also in close proximity to the
equestrian facility so the waste being used as fuel
will not need to be transported very far.

8.3.4 — Flow Diagram

The flow diagram, included in Appendix D-
Figure D.1, for the new biomass boiler system
changes very little from the existing hydronic
system because it simply replaces the existing
boilers with new. However, the proposed biomass
boiler will serve all of the campus building
instead of only Stengel Hall. The flow diagram
shows the proposed cooling system for Stengel
Hall to remain, and the replacement of the four
existing boilers with a wood fired boiler system.

Figure 8.7 — Image provided by AFS Energy Systems
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Figure 8.8 - Proposed Boiler Building

Boiler Building Location
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8.4 Energy & Cost Analysis

It is assumed that the proposed system will simply update and expand the existing steam system
and the demand loads will remain constant. Since the type of fuel is the biggest change from the
existing system, the efficiency of the fuel will need to be taken into account. The specification
sheet for the low pressure boiler suggests that the boiler will use 1,054 pounds of wood chips per
hour. This is assuming that the wood chips have a moisture content of 50%. As per industry
suggestions, the wood chips provided by Weaber Lumber Inc. can be assumed to have a moisture
content of closer to 30% and have an energy content of 4,692 BTU/Ib. Unfortunately, there is not
any existing data to make a direct comparison. So, for the purposes of this comparison a
hypothetical boiler of equal size will be used to represent the existing system

To compare the efficiencies in energy, an energy cost calculator (provided by AFS Energy
Systems) was used. A screenshot of the comparison was included in Appendix D — Figure D.3.
The results show that there will be an increase in cost of about $25,572 per year by switching to
green wood residue from natural gas. For the purposes of this calculation, the use of equestrian
waste was not included in this analysis because the manure is being mixed with the wood chips
and does not produce as many BTU/Ib. It is assumed that the manure will lessen the required
amount of wood chips but this amount was not determined. Therefore, the suggested annual cost
of primary fuel is the worst case scenario and the cost savings associated with the equestrian
waste will only be analyzed in the life cycle costs.

The energy cost calculator determined that initially the use of wood chips is more expensive than
natural gas but the calculator does not account for the changes in fuel prices over the life of the
boiler. Historically, wood fuel is much more stable than natural gas and the costs do not fluctuate
as much. For the purposes of this analysis a steady inflation rate will be used for both wood fuel
and natural gas to determine the possible cost savings over time.

The life-cycle costs of the proposed boiler were evaluated over a span of 25 years. Figure 8.10
illustrates the increase in the annual cost of wood chips at an inflation rate of 0.5% and annual
natural gas costs increasing (which is offsetting the cost of wood chips) at an assumed inflation
rate of 2.0%. This figure also includes an annual savings of $33,960 ($2,830.00/month) from
eliminating the costs of equestrian waste removal. Rough maintenance costs of $10,000/year
with an additional $5,000 every 5 years were also included for the purposes of this calculation to
address the cost of maintain the boiler each year.

You can see that the annual savings in equestrian waste removal and natural gas cost quickly
surpasses the maintenance and wood chip costs. In the construction management section found
later in this report an initial cost of $2,858,888.94 was estimated for the proposed system. Using
this initial estimate and the annual cost savings over time found in Figure 8.10 a simple payback
calculation was conducted. The results of this calculation, found in Appendix D-Figure D.4,
determined that the initial costs of the wood-fired boiler system would be much greater than the
eventual energy savings and would not prove to be a cost effective alternative.
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Figure 8.10 — Annual Costs/Savings
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8.5 Emissions
To fully evaluate the wood-fired boiler system it is important to evaluate the emissions it
produces. The direct air emissions for a wood-fired boiler were determined from the Union of
Concerned Scientists and have been included in Appendix D-Figure D.5. Table 8.11 calculates
the pounds of wood residue emissions from the proposed 100Bhp estimated to be in operation
for 3,300 equivalent full-load hours per year (3,237.6 MWh/yr). This is compared to a natural
gas boiler of equivalent size (10,735.42 kcf/yr). You can see there is a significant increase in
NOy and SOy particulates but a decrease in carbon emissions. However, it is important to note
that these emissions rates given are without any filtration system and the proposed AFS Energy
boiler is installed with a particulate filter. It is assumed that the fly-ash collector specified for this
setup will eliminate a large majority of the harmful emissions but this value was not determined
for this report.

Table 8.2 - Emissions Comparison ‘

Rate Ga?c’ W(?Od Difference
Pollutant | Natural Gass Wood Fuel Emissions Boiler [%]
[Ibs/1000ft°] | [Ibs/MWh] [lbs/yr] [lbs/yr]
NO, 0.111 2.1 1192 6799 471 %
SOx 0.000632 0.008 7 26 282 %
CO, 122 12.2 1,309,721 39,499 -96.98 %
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9.0 ELECTRICAL BREADTH

The following section includes two very different studies. The first study evaluates the existing
electrical system of Stengel Hall to determine if the equipment selected for the proposed
geothermal system will be able to operate on the existing panelboards. The second study
explores the electrical rates set by PPL Electric and determines if it is possible to reduce the
number of service entrances on the Linden Hall campus.

9.1 Increased Load Due to Ground Source Heat Pumps

When equipment changes are made within a building, it is important to be sure the electrical
supply is sufficient for the new equipment. The proposed biomass boiler has little effect on the
existing electrical systems within the classroom buildings, except that it will eliminate any
electric heat that may exist. However, this does not require any panelboards to be resized and
therefore is not analyzed in this report. The focus of this study is on the equipment selected for
the geothermal heating and cooling of

Stengel Hall. Figure 9.1 - Simplified Existing Electrical Distribution
ODU-1 ‘

Re_call that the existing electric cc_mdensmg - 7@

units were removed from the design and all 125A

fan coil units are replaced with water source ODU-3

heat pumps. Figure 9.1 is a simplified E— obus

electrical diagram of the existing power I
ane

supply to the relevant mechanical equipment. 150A E

The outdoor condensing units are supplied
power directly from the Main Distribution

Panel and Panel H1 and H2 are both Main
designated for mechanical equipment only. Disg;i‘é;io"
The ground source heat pumps selected for

the proposed system have a minimum circuit 1200A
ampacity much higher than the fan coil units. 120/208V, 3P

Table 9.1 and Table 9.2 summarize the

quantity of units at a given tonnage and the

minimum circuit ampacity for each size unit. The minimum circuit ampacity for the fan coil units
was determined from an equipment submittal and the ampacity for the water source heat pumps
was determined from the manufacturer’s data (included in Appendix E-Figure E.1).

From these values we can find the increase in demand due to the added ampacity for the ground
source heat pumps. In addition to the changes in ampacity between the terminal units, two 7 %2
horsepower pumps will be added to the main distribution and the condensing units will be
eliminated, as seen in Figure 9.2. The five condensing units have a total ampacity of 796A (taken
from panelboard information) and the two pumps have a total ampacity of 61A.
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Table 9.1 - Panel H1 \

Minimum
. Nominal Circui't
Quantity Tonnage Ampacity
Fan
Coail GSHP
1 15 3.88 12.9
2 2 3.88 18.1
1 2.5 4.5 19.73
2 3 4.5 24.48
1 4 4.5 29.55
1 4.5 4.5 45.81
1 5 4.5 45.81
TOTAL 39 239
DIFFERENCE 200 Amps

Due to the added ampacity from the heat pumps, it
is suggested that Panel H2 and H1 both be
increased to 400A panels, also seen in Figure 9.2,
to fully handle the load. The following calculation
verifies the Main Distribution Panel will be able to
handle the increase in panel size:

796A reduction from ODU's
— 614 pumping requirement
— 525A increase in panel size
= 2104 still available

In conclusion, although there is a greater load from
the heat pumps, overall equipment is reduced in
Stengel Hall and this does not require the school to
increase their electrical demand.

9.2 Exploration of Electric Rates

Currently, the Linden Hall School for Girls has five main service entrances and plans for an

Table 9.2 - Panel H2

_ Nominal Minimum (_Jircuit
Quantity Tonnage Ampacity
Fan Coil | GSHP
3 15 3.88 12.9
8 2 3.88 18.1
1 3 4.5 24.48
2 4.5 4.5 45.81
TOTAL 56 300
DIFFERENCE 243  Amps

Figure 9.2 — Proposed Electrical Distribution for Mechanical Equipment

Panel H2 |
400A

Panel H1 |
400A

Main
Distribution
Panel

1200A
120/208V, 3P

PUMP-1 |

PUMP-2 I

additional entrance to provide additional electricity to Stengel Hall. These service entrances are
at a secondary voltage and are stepped down by PPL Electric before entering the Linden Hall
campus. The goal of this study is to determine if having fewer service entrances would affect the

electric rate for Linden Hall.

According to the rates and tariffs section of the PPL Electric Utilities Corporation’s website,

there are few available rate schedules available for general customers like the Linden Hall
School for Girls. It is assumed that the school currently falls under Rate Schedule GS-3. This is
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large (>25kW demand/month) general service at secondary voltage and the net monthly rate is
outlined below.

Distribution Charge: $30.00 per month (customer charge) plus
$4.510 per kilowatt for all kilowatts of the Billing KW

Since Linden Hall now has six service entrances they have a total distribution charge of $180.00
per month. If a primary voltage is available in the vicinity of the campus, Linden Hall could be
supplied service at 12,470 Volts (3-phase) and be classified under Rate Schedule LP-4. This rate
schedule is outlined as follows:

Distribution Charge: $160.19 per month (customer charge) plus
$2.136 per kilowatt for all kilowatts of the Billing KW

Under this rate schedule the customer must “furnish and maintain all equipment necessary to
transform the energy from line voltage.” This would require Linden Hall to add a transformer to
their campus but they could reduce the number of service entrances from six to one. After the
voltage is transformed to a secondary voltage it can then be distributed to each of the buildings
as it was before. This would reduce the total distribution charge by about $20.00/month and cut
the kilowatt rate in half. It is not known whether a supply of primary voltage is available but for
the purposes of this investigation it was assumed obtainable.

Stengel Hall — Center for Academic Excellence | Madeline Haus



10.0 CONSTRUCTION MANAGEMENT BREADTH

Both of the proposed mechanical systems will change the costs associated with the mechanical
system of Stengel Hall and the entire Linden Hall campus. The following section explores the
expected initial costs associated with the geothermal system and the biomass boiler. In addition,
since the current construction and main focus on this project is Stengel Hall, the construction
schedule impacts of the geothermal system are acknowledged in this analysis.

10.1 Geothermal System Estimate & Scheduling

The ground loop piping for the proposed geothermal system introduces several unique costs to
the overall mechanical system. Since Stengel Hall is the primary focus of this report, an estimate
of the major components required for the Stengel Hall geothermal system was conducted for this
analysis. RS Means Mechanical Cost Data was the primary source of estimates but
recommendations from industry professionals were used as well.

The majority of the quantities used in this estimate are take-offs directly from the loop piping
layout and equipment selected for Stengel Hall. However, borehole and trench volume needed to
be calculated, see below, in order to determine the amount of sand and bentonite required. Recall
that the grout specified contained 15% bentonite and 85% sand. In addition to the borehole
volume, an estimation for sand to be included in the bedding of the header trenches was also
included.

t
Total Borehole Volume = m = (3/12)% * 400 bﬁre * 63 bores = 4,948 ft3
+3
Total bentonite = 4,948 ft3 * 0.15 = 742.2 ft3 @ 0.625£Tg = 1188 bags
, 5 4205.8 ft* s
Sand required for boreholes = 4,948ft° * 0.85 = Tfﬁ = 156 yd
yd?

Sand ired for trench il (4" )2 1'% 3,518’ 4807 7 18 yd?
=|l——-m*|— * 10« = T o793
and required for trenches 12"~ T \12" ’ 27ft3 Y

yd3

A summary of the estimated initial costs are included in Appendix F-Figure F.1. As expected, the
largest costs are from the borehole drilling and water source heat pumps. Both of the costs for
these items came from recommendations from industry professionals. Kirk Mescher, from CM
Engineering, provided information on the typical costs of drilling and expected the cost per
linear foot to be around $6.50 for the location of the building. The water source heat pump was
estimated on a per ton basis and this information was provided by Trane Sales Representative,
Wade McCorkel. The cost per ton was based on the sale of other water source heat pumps of
similar size and quantity on two different projects. The overall cost of the proposed geothermal
system for Stengel Hall is about $465,080.00.
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The most labor intensive part of the proposed geothermal system is expected to be the drilling
and piping of the ground loop. The construction schedule for Stengel Hall has all excavation on
initial sitework scheduled during the summer months when students are not typically on campus.
It is my recommendation that the drilling and trenching required for the ground loop piping
should also occur during this time. This will ensure that any equipment already on site for
demolition will be efficiently utilized and also address safety concerns associated with the
students’ proximity to the well field.

10.2 Biomass System Estimate

Recall that the wood-fired biomass boiler proposed is sized to meet the needs of the entire
Linden Hall campus. This is because it was very quickly recommended by industry professional
Paul Lewandowski that a boiler sized only for Stengel Hall would not be cost effective.
Therefore this section explores the estimated initial costs of the campus-wide biomass boiler and
does not address the construction schedule of Stengel Hall.

A variety of sources were used in determining the initial costs associated with the installation of
a biomass boiler for Linden Hall. The facilities study of the Linden Hall campus included the
estimated costs and building areas associated with repairing the existing steam system (see Table
10.1). This steam system was in much need of updating and it was assumed that the estimate of
$22.00 per square foot for repairs could also be applied to new piping required in Honeycutt Hall
and Library. The gymnasium was not included in the estimate for steam piping because it was
recently constructed and was assumed the existing piping would suffice.

Table 10.1 - Repairs & New Installation* of Steam Piping

Building |n§$?£t?§r?irr/e . Cost/SF Cost
Stengel Hall 39,000 $22.00 $ 858,000.00
Steinman Performing Arts Center 20,600 $22.00 $ 453,200.00
The Castle & The Annex 24,395 $22.00 $ 536,690.00
Library* 3,500 $22.00 $ 77,000.00
Honeycutt Hall* 12,500 $22.00 $ 275,000.00
*new steam piping Total | $ 2,199,890.00

In addition to the facilities study, 2011 RS Means Square Foot Costs were used to estimate the
cost of building an additional structure to support the proposed boiler and wood-chip storage.
The cost per square foot for the proposed building was compared to the cost per square foot of a
small warehouse because of the simplicity in the building envelope. However, the added costs of
interior finishes, HVAC, plumbing, and electrical systems were subtracted from the total
building cost because it is assumed that any necessary elements of these systems are included in
the cost of installation of the boiler system. This left the substructure, shell, fire protection,
contractor fees, and architect fees as part of the total cost per square foot. A location factor of
0.918 was used to correct the total cost of material and installation for this structure. The RS
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Means data used is included in Appendix F — Figure F.2 and the calculation for initial costs is
outlined below.

Concrete Block (Concrete Frame) = 149.25 $/SF for exterior wall perimeters of 220 L.F.
- 18.70 $/100 L.F. (because the 30°x30’ building
proposed only has a perimeter of 120°)

- 22.9% (Interiors)
- 10.2% (HVAC)
- 1.8% (Plumbing)
-10.4% (Electrical)
= $71.41/SF

$71.41

SF

* 30'x30" = $64,269 * 0.918 (location) = $58,998.94

The cost of the wood-fired boiler system was determined from manufacturer’s suggestions for
boiler systems of equal size. Therefore, the total initial cost of the biomass boiler system for the
Linden Hall School for Girls is estimated to be $2.86 million as per calculation below.

$2,199,890.00 (steam repairs and piping) + $58,998.94 (boiler building)
+ $600,000 (manufacturer recommended cost of all boiler components) = $2,858,888.94

For the purposes of this analysis, this cost assumed accurate. The biomass boiler recently
installed for the Penns Valley School District had an initial cost of approximately $2.7 million
and also included updates for steam piping, and an additional structure to house the boiler and
fuel.
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11.0 CONCLUSION

The studies included in this report intended to investigate sustainable alternatives for the
mechanical system Stengel Hall and research the feasibility of a campus-wide heating and
cooling system. With respect to Stengel Hall, the main focus of this project, the ground source
heat pump option would provide a much more sustainable approach to heating and cooling. The
proposed system has a building energy reduction of nearly 500,000 kBtu annually. However this
only resulted in an annual cost savings of just over $5,700. With the higher initial cost of the
system this option proved to have an extremely long payback period. However, the heating and
cooling systems of the remainder of the campus buildings vary in type and efficiency and the
proposed ground loop layout could prove to be an effective way to provide heating and cooling
the entire campus. Exact values on the payback and costs associated with implementing
geothermal energy to the entire campus were not evaluated due to limited information on the
other buildings.

The second alternative explored in this study was a wood-fired boiler that would provide low-
pressure steam to the entire Linden Hall School for Girls Campus. The entire campus was the
main focus of this study because a biomass boiler would not be cost effective if only providing
heat to Stengel Hall. This option resulted in an energy savings over time when compared to a
natural gas boiler of equal size. Although the heating systems of the buildings vary, a direct
comparison was made to a natural gas boiler for simplicity purposes of this study. The wood-
fired boiler system did not see a feasible payback period when compared to natural gas but the
emissions from this alternative proved to be the lowest on a Ib/sf basis. Table 11.1 summarizes
the emissions of the three systems evaluated in this report.

Table 11.1 — Emissions Comparison

System Emissions [lbs/sf]
] - Ground Source | Wood-Fired
SYSTEM: Existing Heat Pump Boiler
AREA: 39,000 39,000 144,275
£ | NO 0.011 0.0145 0.047
5 |SOx|  0.0027 0.0042 0.00018
o
a | CO, 3.84 3.18 0.274

Either alternative proposed would provide a more sustainable and maintainable system for the
school. In addition, the costs of either proposed system could be offset by state grants and tax
incentives not explored in this study. There is also an added educational value associated with
either system that surely cannot be quantified as a cost benefit. From the two alternatives
evaluated, a geothermal system for Stengel Hall would be recommended for the Linden Hall
School for Girls.
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TABLE A.2 — Internal Load Summary

Lighting Lighting

Room # Room Name O[ngopalgit y Load Load Additional Equipment Loads
P [watts] [WI/SF]
BASEMENT
1 Corridor 260 0.67
2 Corridor 130 0.58
3 Testing/Lecture 65 1228 0.94 Smartboard, Netbooks
3A Storage 64 0.85
4 Elev. Equipment 64 1.07 Equipment (400W)
5 Elev. Lobby 186 0.87
6 Corridor 130 0.47
7 Day Lounge 35 962 0.70 Netbooks
8 E. Mech/Elec 256 0.34 Equipment (10W/sf)
9 Unisex R. Rm. 1 64 1.23
10 Unisex R. Rm. 1 64 1.23
11 Mech/Boiler/Elec 4 576 0.60 Equipment (10W/sf)
12 Mech/Elec 2 384 0.65 Equipment (10W/sf)
FIRST LEVEL
101 North Entry 150 0.60
102 Centre Lobby 19 937 1.31
103 Receptionist 1 502 4.33 Computer
104 South Entry 153 0.79
105 Corridor 312 0.64
106 Vestibule 104 0.46
107 Cot 1 128 1.66
107A | Toilet 1 64 1.07
108 Work Room 1 134 0.91 Netbooks
109 Faculty Work Room 4 320 1.24 Computer (.5 wst/pers)
110 Faculty 4 268 1.06 Computer (.5 wst/pers), Refrigerator
111 Men 2 160 1.19
112 Women 2 160 1.16
113 Conference 4 108 1.15 Netbooks
114 Passage 78 0.62
115 Display 2 550 5.85
116 Corridor 208 0.99
117 Corridor 234 0.66
118 Administrative Assistant 4 324 1.16 Computer (.25 wrk/pers)
119 Director of Admissions 1 216 0.86 Computer
120 Asst. Director of Admissions 1 108 0.72 Computer
121 Manager 1 216 1.34
122 Janitor 64 1.36
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TABLE A.2 — Internal Load Summary, continued

Occupancy

Lighting

Lighting

Room # Room Name [People] Additional Equipment Loads
123 Mechanical 64 1.73 Equipment (10W/sf)
124 Corridor 108 0.78
126 Advancement Office 1 216 1.03 Computer
127 Director of Advancement 1 216 0.84 Computer
128 Existing Passage 200 0.98
129 Business Manager 1 216 1.01 Computer
130 Business Assistant 1 216 0.97 Computer
131 Existing Passage 200 0.74
132 Conference 5 216 0.86 Computer @ .75 workstation/person
133 Mechanical/Storage 1 128 0.75
134 Existing Entry 100 0.60
135 Headmaster 1 696 1.99 Computer
136 Board Room 32 502 0.70 Laptops @ .5 workstations/person
137 Existing Passage 456 1.41 Refrigerator
SECOND LEVEL
201 Classroom 23 648 1.03 Netbooks, Smartboard
202 Learning Center 20 740 1.03 (4) Computer Stations
203 Conference 12 212 0.98 Netbooks @ .75 workstations/person
204 Learning center 21 432 0.87 (2) Computer Stations
205 Conference 5 108 1.00 Netbooks @ .75 workstations/person
206 Work Room 1 160 1.88 Computer Station @ 50W
207 Library Office Work Room 1 366 2.44
208 Bookshelves 6 856 1.80 Smartboard, Refrigerator
209 Passage 156 0.54
210 Toilet 1 64 1.21
211 Passage 128 0.56
212 Toilet 1 64 1.21
213 College Counseling 4 160 0.95 (2) Computer Stations
214 Office 1 108 0.98 Computer
215 Office 1 108 0.98 Computer
216 Corridor 156 0.78
217 Classroom 16 428 0.99 Netbooks, Smartboard
218 Corridor 130 0.77
219 Academic Dean 1 268 1.07 Computer
220 Corridor 182 0.65
221 Assistant 1 216 1.15 Computer
222 Tech Office/Server 2 216 1.19 Server (25W/sf)
223 Computer Lab 8 324 0.94 Computer
224 Assistant Head 1 216 1.40 Computer
225 Conference 6 216 1.17 Netbooks @ .75 workstations/person
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TABLE A.2 — Internal Load Summary, continued

Lightin Lightin
Ro#?m Room Name OBl Poad Poad Additional Equipment Loads
226 Passage 300 0.87
227 Classroom 15 324 0.68 Netbooks, Smartboard
228 Passage 78 0.66
231 Classroom 13 216 0.90 Netbooks, Smartboard
THIRD LEVEL
301 Classroom 26 432 0.69 Netbooks, Smartboard
302 Corridor 208 0.57
303 Mechanical Equipment (10W/sf)
304 Classroom 11 216 0.68 Netbooks, Smartboard
305 Passage 78 1.18
306 Mechanical Equipment (10W/sf)
o oL owteupionsan
nature of classroom design
309 Classroom 15 324 0.78
311 Mechanical Equipment (10W/sf)
312 Corridor 208 0.51
313 Passage 136 0.60
314 | Toilet 1 64 1.21
315 | Toilet 1 64 1.21
316 Corridor 216 1.14
317 Mechanical Equipment (10W/sf)
318 Classroom 17 324 0.83 Netbooks, Smartboard
319 Existing Classroom 11 0.90 Netbooks
320 Existing Classroom 21 0.90 Netbooks
321 Existing Classroom 23 0.90 Netbooks
322 Corridor 0.70
323 Existing Classroom 21 0.90 Netbooks, Smartboard
324 Existing Work Room/Archives 192 1.09
325 Passage 0.70
326 Office 4 216 0.71 Computers
327 Existing Storage 150 2.00
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Table A.3 — Assumed School Schedule

MONTHS TIME

12AM-6AM
6AM-7AM
7AM-8AM
8AM-11AM
11AM-1PM
1PM-3PM
3PM-6PM
6PM-12AM
12AM-8AM
JUNE-AUGUST 8AM-6PM
6PM-12AM
12AM-6AM
6AM-7AM
7AM-8AM
SEPTEMBER- 8AM-11AM
DECEMBER 11AM-1PM
1PM-3PM
3PM-6PM
6PM-12AM

JANUARY -MAY

>
<
o)
X
L
L
=

12AM-8AM

JANUARY -

DECEMBER 8AM-4PM

WEEKEND

4PM-12AM
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Figure A.4 — Electric Emissions Rates (PPL Power)

Emissions data

The charts below that show total emissions per megawatt-hour better reflect the day-to-day differences inherent
in energy production such as decreases and increases in generation based on market demand as well as planned

and unplanned outages that would decrease the amount of power and emissions generated.

PPL submits data throughout the year to the U.S. Environmental Protection Agency, which makes data available

at www.epa.gov.

Carbon Dioxide Emission Rate

14 Thousands of Pounds per Megawatt-hour

Nitrogen Oxides Emission Rate

6 Pounds per Megawatt-hour

5

4

Sulfur Dioxide Emission Rate

20 Pounds per Megawatt-hour

18
16
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02
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2004 2005 2006 2007 2008 2009

1990 2004 2005 2006 2007 2008 2009 1990

Figure A.5 — Natural Gas Emissions Rates (Dr. Jim Freihaut)

Table 8 Emission Factors for On-Site Combustion in a Commercial Boiler
(Ib of pollutant per unit of fuel)
Commercial Boiler
Bituminous Lignite Residual Distillate
pd(lnll’:t)am Coal* Coaln | MatwralGas | ol | Fuel il s
1000 Ib 10001 | 1000 ft* = 1000 gal 1000 gal 1000 gal
CO.. 2.74E+03 | 2.30E+03 1.23E+02 2.56E+04 2.28E+04 1.35E+04
CO: 2.63E+03| 2.30E+03 1.22E+02 2.55E+04 2.28E+04 1.32E+04
CH. 1.15E-01| 2.00E-02 2.50E-03 2.31E-01 2.32E-01 2.17E-01
N,O 3.68E-01 ND' 2.50E-03 1.18E-01 1.19E-01 9.77€-01
NOx S.7SE+00 | 597E+00 1.11E-01 6.41E+00 2.15E+01 1.57E+01
SOx 1.66E+00 | 1.29E-+01 6.32E-04 4.00E+01 3.41E+01 0.00E+00
cO 2.89E+00| 4.05E-03 9.33E-02 5.34E+00 S41E+00 2.17E+00
VvOC ND' ND' 6.13E-03 3.63E-01 2.17E-01 3.80E-01
Lead 1.79E-03 | 6.86E-02 5.00E-07 1.51E-06 ND' ND'
Mercury B.54E-04 | 6.54E-04 2 60E-07 1.13E.07 ND' NDT
PM10 2.00E+00 ND' 8.40E-03 4 64E+00 1.88E+00 4.89E-01
* fom the U.S. LCT data module: Bituminous Coal Combustion m an Industiial Boiler (NREL 2005)
** from the U.S. LCT data module: Liznite Coal Combustion i an Industrial Boiler (NREL 2005)
s Gas volume at 60°F and 14.70 psia.
no data available
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APPENDIX B

Revised: December, 2008

Table E2A. Major Fuel Consumption (Btu) Intensities by End Use for All Buildings,
2003

Major Fuel Energy Intensity (thousand Btu/square foot)

Space Water Office
Heat- | Cool- | Venti- | Heat- | Light- | Cook- | Refrig-| Equip-| Com-
Total ing ing lation ing ing ing eration| ment | puters | Other
All BUildings ......ccccoveevininenens 81.0 33.0 7.2 6.1 7.0 18.7 2.7 2 1.0 22 7.9
Building Floorspace
(Square Feet)
1,001 t0 5,000 .....coovveviiie 99.0 30.7 6.7 27 71 13.9 71 19.9 1.1 17 8.2
5,001 to 10,000 80.0 30.1 55 2.6 6.1 13.6 5.2 8.2 0.8 1.4 6.6
10,001 to 25,000 71.0 28.2 4.5 41 4.1 14.5 2.8 45 0.8 1.6 6.5
25,001 to 50,000 ... 79.0 299 6.8 5.9 6.3 14.9 1.7 39 0.8 1.8 71
50,001 to 100,000 88.7 31.6 7.6 7.6 6.5 19.6 1.7 3.4 0.7 2.0 8.1
100,001 to 200,000 104.2 39.1 8.2 8.9 7.9 22.9 1.1 29 Q 3.2 8.7
200,001 to 500,000 100.2 38.2 7.8 7.4 g2 22.7 1.8 1.3 1.1 2.6 8.2
OVeris00;000%..ummnnmnnns 118.2 38.2 11.8 8.8 10.6 28.7 23 24 Q 3:2 111
Principal Building Activity
Education 83.1 39.4 8.0 8.4 5.8 11.5 0.8 1.6 0.4 33 4.0
Food Sales .. 199.7 28.9 9.8 5.9 2.9 36.7 8.6 94.8 1.6 1.5 9.1
Food Service 258.3 431 17.4 14.8 40.4 254 63.5 421 1.0 1.0 9.5
Health Care . 187.7 70.4 141 13:3 30.2 3341 3.5 26 1.2 3.2 16.1
Inpatient ..... 249.2 91.8 18.6 20.0 48.4 40.1 5.6 20 1.1 3.6 181
Outpatient .. 94.6 38.1 7.2 3.3 25 22.6 Q 35 1.3 26 13.2
Lodging .... 100.0 222 4.9 27 31.4 243 3.2 23 Q 1.2 7.0
Mercantile ... 91.3 24.0 9.9 6.0 5.1 27.5 23 4.4 0.7 1.0 10.3
Retail (Other Than Mall) 73.9 248 5.9 3.7 1.1 25.7 0.6 5.0 0.6 0.9 5.6
Enclosed and Strip Malls ......... 102.2 236 12.4 7.5 77 28.6 3.4 4.0 0.8 14 13,2
Office 92.9 32.8 8.9 552 2.0 231 0.3 29 2.6 6.1 9.0
Public Assembly .... 93.9 497 9.6 15.9 1.0 7.0 0.8 2.2 Q Q 6.5
Public Order and Safety 115.8 49.9 8.9 9.5 14.0 16.5 1.3 29 0.6 15 10.6
Religious Worship . 43.5 26.2 2.9 1.4 0.8 4.4 0.8 1.7 0.1 0.2 4.9
Service ........o......... 77.0 35.9 3.8 6.0 1.0 15.6 Q 2:1 0.3 0.8 11.4
Warehouse and Storage 452 19.3 1.3 2.0 0.6 131 Q 35 0.2 0.5 4.8
Other 164.4 79.4 10.5 6.1 24 341 Q 6.0 Q 2.9 18.9
Vacant 20.9 14.4 0.6 0.4 0.1 1.7 Q Q Q 0.0 31
Year Constructed
Before 1920 80.2 477 1.8 2.9 4.4 9.1 4.4 4.4 0.5 0.9 39
1920 to 1945 ... 90.4 455 3.8 4.4 6.2 13.2 2.9 37 0.4 1.2 9.1
1946 to 1959 ... 80.9 39.1 45 4.9 6.3 12.9 1.9 3T 0.6 1.5 57
1960 to 1969 ... 91.5 40.8 5.6 6.1 7.8 14.7 1.7 4.8 0.8 22 6.9
1970 to 1979 ... 97.0 323 7.9 7.0 8.3 21.6 26 5:2 1.1 23 8.6
1980 to 1989 ... 100.0 28.8 9.8 6.6 8.2 23.9 27 6.0 1.3 34 9.6
1990 to 1999 ... 90.2 252 9.2 %2 6.0 21.0 29 6.5 1.3 2.6 8.4
2000 to 2003 81.6 19.4 8.8 5.9 6.3 217 3.3 6.5 0.7 1.6 7.4
Census Region and Division
Northeast 99.8 48.2 3.9 5.4 6.7 171 2.7 45 0.9 2.3 8.1
New England .... 99.8 53.9 3.0 45 5.8 16.0 1.9 6.0 0.7 2.0 6.0
Middle Atlantic 99.7 46.3 4.2 57 7.0 17.4 3.0 4.0 1.0 2.4 8.7
Midwest 99.4 48.3 37 6.0 5.9 17.3 21 4 0.9 2.0 8.1
East North Central 108.1 54.4 S 6.7 6.2 18.5 2.2 5.0 1.0 2:2 8.2
West North Central .... 80.2 34.8 3.8 46 5.3 14.6 1.8 53 0.6 1.6 7.8
15Tl 1| SRR 84.7 19.4 11.5 6.7 7.1 20.3 3.1 6.3 0.8 22 7.4
South Atlantic ... 88.7 19.9 11.6 74 7.1 22.2 2.9 6.8 0.9 297 76
East South Central .. 91.4 30.3 7.2 6.6 8.6 19.5 2.7 6.8 0.6 1.5 7.6

West South Central . 75.8 14:2 13.2 6.0 6.5 1.0 35 5.2 0.7 1.7 T

West ............ 829 23.2 6.7 56 8.5 18.1 2.6 46 1.6 23 8.8
Mountain 106.1 39.8 7.4 6.4 9.7 22.4 1.8 4.8 Q 21 10.2
Pacific 71.6 152 6.4 22 7.9 17.5 2.9 4.5 Q 2.4 8.0

Energy Information Administration
2003 Commercial Buildings Energy Consumption Survey: Energy End-Use Consumption Tables
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APPENDIX C

Figure C.1 — Excerpt from Chapter 34 of the 2011 ASHRAE Handbook-HVAC
Applications

Geothermal Energy 34.15
Table 4 Summary of Potential Completion Methods for Different Geological Regime Types
Grout Two-Fill with
Geological 04<k<08 08<k<12 k>1.2 Backfill Cuttings Below Other* Below
Regime Type Btu/h-ft-°F Btu/h-ft-°F Btu/h-ft-°F  with Cutting Aquifers Aquifers
Clay or low-permeability rock,
no aquifer — Yes Yes — Yes Yes
single-aquifer — Yes Yes — — Yes
multiple-aquifer Yes Yes Yes Yes Yes Yes
Permeable rock,
no shallow aquifers - Yes Yes Yes Yes Yes
single-aquifer — Yes Yes Yes Yes Yes
multiple-aquifers — Yes Yes Yes - -
Karst terrains with secondary permeability — Yes Yes Yes — —
Fractured terrains with secondary permeability - Yes Yes Yes Yes Yes
*Use of backfill material that has thermal conductivity of k > 1.4 Btu/h- ft-°F Yes = Recommended potentially viable backfill methods
install this length, and during cooling mode the efficiency benefits Table 5 Thermal Properties of Selected Soils,
of an oversized ground coil could be used to compensate for the Rocks, and Bore Grouts/Fills

higher first cost.

Selection of the fill material for the borehole is a function of ther-
mal, regulatory, and economic considerations. Historically, a rela-
tively low-thermal-conductivity bentonite grout commonly used in Soils

Dry Density, Conductivity, Diffusivity,
1b/fe3 Btu/h-ft-°F ft2/day

the water well industry and, in some cases, drill cuttings have been Heavy clay, 15% water 120 0.8to 1.1 0.45 to0 0.65
used as fill. More recently, thermally enhanced materials have been 5% water 120 0.6t00.8 0.5 t00.65
developed. Nutter et al. (2001) contains a detailed evaluation of Light clay, 15% water 80 0.4 t0 0.6 0.351t0 0.5
potential fills and grouts for vertical boreholes. Table 4 summarizes 5% water 80 031005 0.35t00.6
potential completion methods for various geological conditions. Heavy sand, 15% water 120 1.61t02.2 09 tol2
“Two-fill” refers to the practice of placing a low-permeability mate- 5% water 120 1.2t0 1.9 1.0 to 1.5
rial in the upper portion of the hole and/or in intervals where it is Light sand, 15% water 80 0.6t01.2 0.5 to 1.0
required to separate individual aquifers, and a more thermally 5% water 80 0.5t0 1.1 0.6 to1.3
advantageous material in the remaining intervals. R
A 3 ocks
Thermal resistance of the ground is calculated from ground prop- Granif 165 13t02.1 0910 1.4
erties, pipe dimensions, and operating periods of the representative SRR i gy
£rties, pipo - 8 relng - Aepresen Limestone 15010175 141022  09t014
heat rate pulses. Table 5 lists typical thermal properties for soils and s
B 7 p K andstone 1.2102.0 0.7t0 1.2
fills for the annular region of the bore holes. Table 6 gives equivalent
1 X ¥ % 3 Shale, wet 160 to 170 08to 1.4 0.7t0 0.9
thermal resistance of the vertical high-density polyethylene (HDPE) dy 061012 061008
U-tubes for two bore hole diameters dj,. Alternative methods of ) § § )
computing the thermal borehole resistance are presented by Bernier ~ Grouts/Backfills ’
(2006), Hellstrom (1991), and Remund (1999). Bentonite (20 to 30% solids) 0.42t0 0.43
The most difficult parameters to evaluate in Equations (2) and (3) ~ Neat cement (not recommended) 0.40 to 0.45
are the equivalent thermal resistances of the ground. The solutions ~ 20% bentonite/80% SiO, sand 0.85100.95
of Carslaw and Jaeger (1947) require that the time of operation, bore  15% bentonite/85% SiO, sand 1.00 to 1.10
diameter, and thermal diffusivity of the ground be related in the 10% bentonite/90% SiO, sand 1.20 to 1.40
dimensionless Fourier number (Fo): 30% concrete/70% SiO, sand, 1.20 to 1.40
s. plasticizer
40,1 Source: Kavanaugh and Raffe
Ay g 2 gh and Rafferty (1997).
Fo = 4)
d Table 6 Thermal Resistance of Bores R}, for
where High-Density Polyethylene U-Tube Vertical
@, = thermal diffusivity of the ground, ft¥day Ground Heat Exchangers
© = time of operation, days Bore Fill Conductivity,* Btu/h-ft-°F
d, = bore diameter, ft U-Tube
: ' 1 Di £ 4 in. Diameter Bore 6 in. Diameter Bore
The method may be modified to permit calculation of equivalent i 4 05 0 s 05 0 15
thermal resistances for varying heat pulses. A system can be modeled : - : v g " v
by three heat pulses, a 10 year (3650 day) pulse of ¢, a 1 month (30 3/4 0.19 0.09 0.06 0.23 0.11 0.08
y y 9a (
gay_') pulse of g,,, and a 6 h (0.25 day) pulse of g,. Three times are 1 0.17 0.08 0.06 0.20 0.10 0.07 I
efined as 11/4 0.15 0.08 0.05 0.18 I0.09 I 0.06

T, = 3650 days

T, = 3650 + 30 = 3680 days 3
e v i oy o Corrections for Other Tubes and Flows ‘
Y - eCaYR DR 9 Tubing Re = 4000 Re = 1500

+0.02 Btw/h-ft-°F +0.008 Btu/h-ft-°F +0.025 Btu/h- ft-°F
Sources: Kavanaugh (2001) and Remund and Paul (2000).

*Based on DR 11, HDPE tubing with turbulent flow

The Fourier number is then computed with the following values:
Fo, = 4at/d?
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Figure C.2 — Excerpt from Chapter 34 of the 2011 ASHRAE Handbook-HVAC

Applications

34.16

Fo, =4a(t,—1,)/d}

Fo, =4a(t,—1)/d;
An intermediate step in computing the ground’s thermal resis-
tance using the methods of Ingersoll and Zobel (1954) is to identify

a G-factor, which is then determined from Figure 15 for each Fou-
rier value.

Rya= (G~ Gk, (5a)
Ryn = (G — Gk, (5b)
Rea= Golk, (5¢)

Ranges of the ground thermal conductivity k, are given in Table 6.
State geological surveys are a good source o% soil and rock data.
However, geotechnical site surveys are highly recommended to
determine load soil, rock types, and drilling conditions.

Performance degrades somewhat because of short-circuiting
heat losses between the upward- and downward-flowing legs of a
conventional U-bend loop. This degradation can be accounted for
by introducing the short-circuit heat loss factor [F,. in Equations (2)
and (3)] in the table below. Normally U-tubes are piped in parallel
to the supply and return headers. Occasionally, when bore depths
are shallow, two or three loops can be piped in series. In these cases,
short-circuit heat loss is reduced; thus, the values for F are smaller
than for a single bore piped in series.

2011 ASHRAE Handbook—HVAC Applications

e
Fﬂ.’
Bores per Loop 2 gpm/ton
1 1.06
2 1.03
3 1.02

Temperature. The remaining terms in Equations (2) and (3) are
temperatures. The local deep-ground temperature £, can best be
obtained from local water well logs and geological surveys. A sec-
ond, less accurate source is a temperature contour map, similar to
Figure 16, prepared by state geological surveys. A third source,
which can yield ground temperatures within 4°F, is a map with con-
tours, such as Figure 17. Comparison of Figures 16 and 17 indicates
the complex variations that would not be accounted for without
detailed contour maps.

Selecting the temperature 7,,; of water entering the unit is critical
in the design process. Choosing a value close to ground temperature
results in higher system efficiency, but makes the required ground
coil length very long and thus unreasonably expensive. Choosing a
value far from 7, allows selection of a small, inexpensive ground coil,
but the system’s heat pumps will have both greatly reduced capacity
during heating and high demand when cooling. Selecting #,,, to be 20
to 30°F higher than #, in cooling and 10 to 20°F lower than £, in heat-
ing is a good compromise between first cost and efficiency in many
regions of the United States.

A final temperature to consider is the temperature penalty 7,
resulting from thermal interferences from adjacent bores. The
designer must select a reasonable separation distance to minimize
required land area without causing large increases in the required
bore length (L, L). Table 7 presents the temperature penalty for a
10 by 10 vertical grid of bores for various operating conditions after
10 years of operation in a nonporous soil where cooling effects from
moisture evaporation or water movement do not mitigate tempera-
ture change (Kavanaugh 2003; Kavanaugh and Rafferty 1997). Cor-
rection factors are included to find the temperature penalty for four
other grid patterns. Note that the higher the number of internal
bores, the larger the correction factor.

T ils talla adivinbmmnnts aea mnda ta tha numhar af aanivalent

1,000,000 =
L 7
/
7
//
100,000 |—+ /
b ll’
7.
10,000

N

1000 /

FOURIER NUMBER Fo

N

N
|

7 —G _ _Fo [i
4 0.128 1

46 / 0263 10
7 0433 L =
7 0614 10°
0.797 10* [

/ 0.978 10°

11595  10°
1 Lo ./. Y PR ST A T ST I I AR FEe I-...l,...

0 02 04 06 08 1.0 12]
G-FACTOR

Fig. 15 Fourier/G-Factor Graph for
Ground Thermal Resistance

(Kavanaugh and Rafferty 1997)

values consistent with the local ground temperature. To mitigate
long-term heat build-up for small separation distances, the required
heat exchanger length is extended to maintain good system efficien-
cies. Larger separation distances result in shorter required lengths
and smaller temperature changes, because there is greater thermal
capacity available and greater area to diffuse heat to the far field.

The table applies only to a limited number of specific cases and is
not intended for application to actual designs. It is intended to dem-
onstrate trends for various ground temperatures, hours of operation
in heating and cooling, and bore separation distances. Note that val-
ues of , in the table are significantly different from those obtained
using the approach presented by Bernier et al. (2008).

Smaller bore lengths per ton of peak block load result in larger
temperature changes; the relationship between bore length and tem-
perature change is inverse and linear.

Values in this table represent worst-case scenarios, and the tem-
perature change is usually mitigated by groundwater recharge
(vertical flow), groundwater movement (horizontal flow), and
evaporation (and condensation) of water in the soil.

Groundwater movement strongly affects the long-term tempera-
ture change in a densely packed ground loop field (Chiasson et al.
2000). A related factor is the evaporative cooling effect experienced
with heat addition to the ground. Although thermal conductivity is
somewhat reduced with lower moisture content (see Table 5), the
net effect is beneficial in porous soils when water movement
recharges the ground to original moisture levels. A similar effect
may be experienced in cold climates when soil moisture freezes and
the heat of solidification mitigates excessive temperature decline.
Because these effects have not been thoroughly studied, the design
anainear muct estahlish a ranee of desien lengths between one based
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Figure C.3 — Excerpt from Chapter 34 of the 2011 ASHRAE Handbook-HVAC
Applications

Geothermal Energy 34.17 |
|
) proy 7 > Table 7 Long-Term Temperature Penalty for Worst-Case
) bo HUNTSVILLE Nonporous Formations for 10 x 10 grid and 100 ton Load
LORENCE 62 <-/
Bore Bore
& EFLH_, EFLH,, EER, Separation, Length, Tpenains
60, h/yr h/yr  Btu/W-h COP T,,°F ft ft °F
<)66> 250 1250 17.6 3.6 42 15 230 1.3
i 176 36 20 2210 207
> 17.6 3.6 25 217 0.4
500 1000 16.8 3.7 45 15 218 -1.4
98 168 3.7 20 210 0.7
168 3.7 25 206 04 |
750 750 14.3 4.0 55 15 206 34
14.3 4.0 20 195 m
14.3 4.0 25 190 2
MONTGOMERY
68 1000 500 13.3 4.4 65 15 284 6.9
133 44 20 248 3.8
13.3 44 25 231 2.0
1250 250 13.0 4.6 68 15 362 10.0
DOTHAN 13.0 4.6 20 289 547,
70
S 130 46 25 25% 30
0 1500 Not recommended without solar or thermal regeneration
1500 0 Not recommended without fluid cooler or cooling tower
assist
Note:
k, = 1.4 Bwh-ft°F, ky,,, = 0.85 Btw/h-ft-°F, rated EER/COP = 20.0/4.2 (GLHP).
1 Fig. 16 Water and Ground Temperatures in Alabama Correction Factors for Other Grid Patterns:
{ at 50 to 100 ft Depth 1 x 10 grid 210 grid 5% 5 grid 20 x 20 grid
(Chandler 1987) Cr=0.36 Cr=045 C=0.75 Cr=1.14
~~N
e

NEW HAMPSHIRE § 48T
VERMONT { ;
MASSACHUSETTS ~ =X ~‘
; P
RHODE
ﬂ R 4 ISLAND
=
7 /SN
) =74y
— i' A CoNNECTICUT
I 3
14'_ ‘;“ NEW JERSEY
=
»‘ < DELAWARE

MARYLAND |

Fig. 17 Approximate Groundwater Temperatures (°F) in the Continental United States ‘
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Figure C.4 - Required Bore Length for Cooling

Variable Units Coefficient Sﬁr;ﬂel L'ggre:ptl:”
Short Circuit Heat Loss Factor F 1.04
Part Load Factor During Design Month PLF, 1.0
Building Design Cooling Block Load Btu/h Qe -1087200 -4525200
Net Annual Average Heat Transfer to Ground Btu/h Qa -322900 -1334900
Thermal Resistance of Pipe | h*ft*°F/Btu Ry 0.09
Effective Thermal Resistance of Ground (annual pulse) | h*ft*°F/Btu Ry 0.117
Effective Thermal Resistance of Ground (monthly pulse) | h*ft*°F/Btu Rgm 0.172
Effective Thermal Resistance of Ground (daily pulse) | h*ft*°F/Btu Ry 0.133
Undisturbed Ground Temperature °F t, 52
Temperature Penalty for Interference of Adjacent Bores °F t, 18
Liquid Temperature at Heat Pump Inlet °F ti 65
Liquid Temperature at Heat Pump Outlet °F two 75
Power Input at Design Cooling Load W W, 10000 10000
Required Bore Length for Cooling ft L. 24605 100177

Figure C.5 - Required Bore Length for Heating ‘

Variable Units Coefficient Stf'gﬂel L'ggf;‘p:':"
Short Circuit Heat Loss Factor Fe 1.04
Part Load Factor During Design Month PLF,, 1.0
Building Design Heating Block Load Btu/h Oin 764300 3190300
Net Annual Average Heat Transfer to Ground Btu/h Oa -322900 -1334900
Thermal Resistance of Pipe | h*ft*°F/Btu Ry 0.09
Effective Thermal Resistance of Ground (annual pulse) | h*ft*°F/Btu Rga 0.117
Effective Thermal Resistance of Ground (monthly pulse) | h*ft*°F/Btu Rgm 0.172
Effective Thermal Resistance of Ground (daily pulse) | h*ft*°F/Btu Ry 0.133
Undisturbed Ground Temperature °F ty 52
Temperature Penalty for Interference of Adjacent Bores °F t 18
Liquid Temperature at Heat Pump Inlet °F twi 35
Liquid Temperature at Heat Pump Outlet °F two 45
Power Input at Design Heating Load W W, 10000 10000
Required Bore Length for Heating ft L, 25006 108779
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Figure C.5 — Friction Loss for Branch Piping (ASHRAE)
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Fig. 6 Friction Loss for Water in Plastic Pipe (Schedule 80)

Figure C.6 — Friction Loss for Main Header Piping ASHRAE)
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Figure C.6 — Sample Equivalent Length Calculation (McQuiston, 323)
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Figure C.7 — Recommended Pump Curve (Bell & Gossett)
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Figure C.8 — Pump Curve Selected (Bell & Gossett)
1750 RPM PUMP CURVES
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Figure C.9 — Selected Pump Specifications (Bell & Gossett)
w w
Series 1510 Centrifugal Pumps
Dimensions Motor Horsepower and Frame Tabulation
DISCHARGE —— . SUCTION three phase (Dripproof Enclosure)
Frame @ Frame @ Frame @ Frame @
- SN i Horsepower | 1750 RPM | 3500 RPM | Horsepower | 1750 RPM RPM
\ S ANARTACENGY ”: 56 20 256T 254T
' /s 56 25 284T 256T
G 1 1437 30 286T 284TS
4 HO l 1% 145T 40 3247 286TS
j 2 145T 145T 50 326T 324TS
: O it 3 182T 145T 60 364T 326TS
; 1 2 l ‘ 5 184T 182T 75 365T 364TS
+ 7 213T 1847 100 404TS 365TS
22l 10 215T 213T 125 22 404TS
- 15 254T 215T
HA
*Gauge Tapping Sizes: '/s* for NPT, '/." for Flanged Sizes
STANDARD MECHANICAL SEAL STUFFING BOX CONSTRUCTION
DIMENSIONS - INCHES (MM) PUMP MODEL 1510, 1510-F PUMP MODEL 1510-PF, 1510-S
PUMP SIZE | SUCTION | MOTOR FRAME
DISCHARGE |  SIZE SIZE HA HB HD | HL HO | HP | ¥ z |HA| HB HD | HL | HO | WP | ¥ z
AR 1 21 ail
T @) | 9 | gi | (10 ] o ‘ ] | || ;
2/ A8 1821-1641 31787 | (248) (400) ity | i LA [ | o
21372157 397,(879) ‘736’ ‘736‘ Y 6 [aemnen | e | an 17 5
2AT26T | bl [3941000) 670425) (496) [5T7(1314) [ 12(305) | (105) | (432) | (127)
18271841 31(787) (‘2%, 2 | 17 4% | SN | 107 | 2h | 7% | 3
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2/,88 2847528615 B0 | 190880 | | 19%502) i | e  [13630) 197(502) sty | vasa
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182T-1B4T wn 9080 | i [ 2% | (oo | oo | @) @) | (48 | (15 | (oo) | (7) |
3AC 4 205 @71) [39(1000) (75) 00 S-S e P73V R N 2 I R R
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Figure C.9 — Selected Heat Pump Performance Data (Trane)

Performance Data

Table 17. Honzontal GEH ARI-ISO performance

Cooling Heating Cooling Heating Cooling Heating
Unit Btuh EER Btuh COP Btuh EER Btuh coP Btuh EER Btuh COoP
Size |GPM| scfm| WHLP |WLPH WLHP |WLHP| GWHP |GWHP GWHP |GWHP| GLHP |GLHP| GLHP |GLHP
006 | 1.8 | 215 7,500 12.6 9,700 4.6 8,600 17.5 8,100 4.0 7,900 14.1 6,300 3.3
009 | 2.1 | 28% 8,800 13.0 11,300 4.9 10,100 18.0 9,300 4.2 9,300 14.5 7,200 3.4

0iz2 | 2.8 | 380 11,700 14.0 14,600 4.9 12,700 20,0 12,000 4.2 12,000 | 15.4 9,300 34
015 | 3.5 | 475 14,300 135 18,300 4.5 15,800 20.6 15,300 4.0 14,800 | 15.4 12,100 13
o018 | 4.2 | 570 18,000 133 21,900 4.8 19,500 19.5 18,100 4.2 18,500 | 14.9 14,300 34
024 | 5.6 | 760 24,000 14.4 29,700 4.7 26,800 21.8 24,900 4.2 25100 | 16.8 19,300 3.4
030 | 7.0 | 900 28,200 138 35,700 4.6 32,000 20.4 29,800 44 29,500 | 15.7 22, 800 3.4
036 | 8.4 | 1140 | 35,200 14.2 44,100 4.6 39,400 21.6 36,000 44 36,600 | 16.3 28,200 33
042 | 9.8 | 1330 | 41,500 136 51,900 4.6 45,900 19.5 42,900 4.0 43,100 | 15.4 34,100 34
048 | 11.2| 1520 | 49,700 139 58,200 4.8 55,700 20.6 49,300 4.3 51,800 | 159 38,700 3.6
060 | 14.0| 1900 | 59,700 134 70,500 4.5 66,200 19.3 58,000 4.0 62,200 | 15.4 46,400 34

Mote: Rated In accordance with 150 Standard 13256-1: 1998 (Water Loop Heat Pumps and Ground Loop Heat Pumps). Certifled conditions are 85°%F EWT,
80.6%F DE/66.2°F WE EAT in cooling and 68°F EWT, 68°F DE/S9°F WE EAT In heating.

Table 18. Vertical GEV ARI-ISO performance

Cooling Heating Cooling Heating Cooling Heating
Unit Btuh EER Btuh COP Btuh EER Btuh coP Btuh EER Btuh |COP
Size |GPM| scfm WHLP WLPH| WLHP |WLHP| GWHP |GWHP GWHP |GWHP| GLHP |GLHP| GLHP |GLHP
o0s | 1.8 | 215 7.600 12.5 10,000 4.8 8,500 17.6 8,000 4.1 7,800 13.8 6,200 3.3
oos | 2.1 285 8,800 13.0 11,300 5.1 10,000 18.1 9,300 4.3 9,100 14.6 7,200 3.5

012 | 2.8 | 380 11,600 14.0 14,900 5.0 12,800 20.8 12,200 4.3 12,000 15.8 9,400 3.5
015 | 3.5 | 475 14,400 13.8 18,300 4.9 15,900 21.3 15,000 4.2 14,800 15.6 11,700 3.5
018 | 4.2 | 370 17,800 13.1 22,200 4.8 19,400 19.2 18,400 4.1 18,300 14.7 14,500 3.5
024 | 5.6 | 760 24,700 14.7 29,500 4.9 26,900 22.4 24,600 4.3 25,500 17.0 19,500 315
030 | 7.0 | 900 28,800 14.4 34,900 4.9 31,900 21.6 25,300 4.4 29,900 16.5 23,200 3.6
036 | 8.4 | 1140 36,300 15.0 46,200 5.0 40,100 22.8 38,100 4.4 37,600 17.2 30,100 315
042 | 9.8 | 1330 41,000 139 51,700 4.7 45,900 20.5 42,800 4.1 43,100 16.0 33,800 3.5
048 | 11.2 | 1520 49,500 14.1 51,400 4.6 55,200 20.9 43,000 4.0 51,300 16.2 34,200 3.4
060 | 14.0 | 1900 61,600 14.0 71,700 4.8 67,600 20.0 58,600 4.2 64,100 15.9 | 46,800 3.5

Mote: Rated in accordance with 150 Standard 13256-1: 1998 (Water Loop Heat Pumps and Ground Loop Heat Pumps). Certified conditions are 86%F EWT,
80.6%F DE/66.2°F WE EAT in cooling and 68°F EWT, 68°F DE/S9°F WE EAT In heating.
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Figure C.10 — Payback Period of Geothermal System

égg{iﬁiﬂ;;ﬁg;‘;} (Sszzri?:l/éng;) Sum of Ann_ual Cumulative Cost of
inflation) inflation) Costs & Savings System
Year

1 $4,026.00 -$9,790.83 $279,315.17 $279,315.17
2 $4,066.26 -$9,986.65 -$5,920.39 $273,394.78
3 $4,106.92 -$10,186.38 -$6,079.46 $267,315.33
4 $4,147.99 -$10,390.11 -$6,242.12 $261,073.21
5 $4,189.47 -$10,597.91 -$6,408.44 $254,664.77
6 $4,231.37 -$10,809.87 -$6,578.50 $248,086.27
7 $4,273.68 -$11,026.06 -$6,752.38 $241,333.89
8 $4,316.42 -$11,246.59 -$6,930.17 $234,403.72
9 $4,359.58 -$11,471.52 -$7,111.94 $227,291.78
10 $4,403.18 -$11,700.95 -$7,297.77 $219,994.01
11 $4,447.21 -$11,934.97 -$7,487.76 $212,506.25
12 $4,491.68 -$12,173.67 -$7,681.99 $204,824.27
13 $4,536.60 -$12,417.14 -$7,880.54 $196,943.72
14 $4,581.96 -$12,665.48 -$8,083.52 $188,860.21
15 $4,627.78 -$12,918.79 -$8,291.01 $180,569.20
16 $4,674.06 -$13,177.17 -$8,503.11 $172,066.09
17 $4,720.80 -$13,440.71 -$8,719.91 $163,346.18
18 $4,768.01 -$13,709.53 -$8,941.52 $154,404.66
19 $4,815.69 -$13,983.72 -$9,168.03 $145,236.64
20 $4,863.85 -$14,263.39 -$9,399.54 $135,837.09
21 $4,912.49 -$14,548.66 -$9,636.17 $126,200.92
22 $4,961.61 -$14,839.63 -$9,878.02 $116,322.90
23 $5,011.23 -$15,136.42 -$10,125.20 $106,197.70
24 $5,061.34 -$15,439.15 -$10,377.81 $95,819.89
25 $5,111.95 -$15,747.94 -$10,635.98 $85,183.90
26 $5,163.07 -$16,062.89 -$10,899.82 $74,284.08
27 $5,214.70 -$16,384.15 -$11,169.45 $63,114.63
28 $5,266.85 -$16,711.84 -$11,444.99 $51,669.64
29 $5,319.52 -$17,046.07 -$11,726.55 $39,943.09
30 $5,372.71 -$17,386.99 -$12,014.28 $27,928.81
31 $5,426.44 -$17,734.73 -$12,308.29 $15,620.51
32 $5,480.70 -$18,089.43 -$12,608.72 $3,011.79

33 $5,535.51 -$18,451.22 -$12,915.71 -$9,903.92
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APPENDIX D

Figure D.1 — Biomass Boiler Specification Sheet (AFS Energy Systems)

Low Pressure Underfed gnergy systems

Stoker Boiler System
HEADQUARTERS:

420 OAKSTREET - P.O.BOX 170
LEMOYNE, PA 17043-0170
TELEPHONE: 717.763.0286
FAX:717.763.1066
info@AFSenergy.com

www.AFSenergy.com

s mtr—r BB Bo

vos - T
| r—_t__- i
|
|
2 y—L L } K
RS |\
= B
TILL L ~
—— - - - ’ e P

AFS Combustion System with Firebox Steam Generator - GREEN FUEL
15 psig Design (30 psig Hot Water Available)

A

-4

WT/FT-GWF MODEL NO. 100 125 150 180 200 250 300 350 400 450 500
Capacity BHP 100 125 150 180 200 250 300 350 400 450 500
PPH Steam (F & A212 deg.F) 3,450 4313 5,175 6210 6,900 8,625 10,350 12,075 13,800 15,525 17,250
MM/Btu's/Hour 335 4.18 502 603 6.7 837 10.04 1172 1339 15.06 16.74
Input (Lbs/Hour @ 50% mc (wb}) 1054 1,317 1,581 1,897 2,108 2,634 3,161 3,688 4,215 4742 5269

DIMENSIONS (inches)

A. Furnace Width 655 71.5 71.5 775 775 89.5 89.5 98 98 101.5 107.5
|B. Furnace Depth 120 120 140 139 156 141 166 157 176 181 184
C. Furnace Height 66 66 66 75 75 81 75 81 31 81 78
D. Bottom of Water Leg to Steam Outlet 94.5 102 102 110.5 110.5 119 131 147 153 162.5 174
|E. Boiler Width Qutside) 585 64.5 64.5 705 70.5 82.5 82.5 91 91 94.5 100.5
F. Boiler Length 109 109 129 128 145 130 155 146 165 170 173
G. Boiler Length Including Smoke Boxes 137 138 158.5 157 174 165 189.5 180.5 200 2115 214
H. System Over All Length 234 235 268 267 283 286 311 303 321 345 348
|. Height to Main Steam Qutlet 1605 168 206 186 186 200 206 228 234 243.5 252

OPENINGS (inches)

J. Steam Outlet 8 8 8 8 8 10 10 10 12 12 12
K. Feedwater Inlet 4 4 4 4 4 6 6 6 6 6 6
L. Blowdown Connection 1.5 15 1.5 15 15 1.5 1.5 1.5 55 1.5 1.5
M. Surface (continuous) Blow Down 1.5 15 1.5 1153 15 1.5 1.5 1.5 1.5 1.5 1.5

Note: All dimensions are subject to change. As built drawing will be submitted with each contract.
Higher outputs available for dry fuel. Firebox boilers also available in 15 psig designs.




Figure D.2 — Flow Diagram for Biomass Boiler
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Figure D.3 — Energy Cost Calculator (AFS Energy Systems)
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Figure D.4 - Simple Payback Calculation of Biomass Boiler

. Sum of Annual
Maintenance Wood C_hlps Cost Natural Gas_ Equestrian Costs & Savings | Cumulative Cost
Year (assuming 0.5% | Savings (assuming . . -
Cost . o Waste Savings (includes initial of System
inflation) 2% inflation)
cost)
1 $ 10,000.00 | $ 90,553.00 [ $ (64,981.00)| $ (33,960.00)[ $ 2,860,500.94 | $2,860,500.94
2 $ 10,000.00 | $ 91,005.77 | $  (66,280.62)| $ (33,960.00) $ 765.14 | $2,861,266.09
3 $ 10,000.00 | $ 91,460.79 [ $  (68,600.44)| $ (33,960.00)| $ (1,099.65)| $2,860,166.44
4 $ 10,000.00 | $ 91,918.10 [ $  (71,001.46)| $ (33,960.00)| $ (3,043.36)| $2,857,123.08
5 $ 15,000.00 | $ 9237769 | $  (73,486.51)[ $ (33,960.00)| $ (68.82)| $2,857,054.26
6 $ 10,000.00 | $ 92,83958 [ $ (76,058.54)| $ (33,960.00)| $ (7,178.96)| $2,849,875.30
7 $ 10,000.00 | $ 93,303.77 [ $  (78,720.58)| $ (33,960.00)| $ (9,376.81)| $2,840,498.49
8 $ 10,000.00 | $ 93,770.29 [ $ (81,475.81)| $ (33,960.00)| $ (11,665.51)| $2,828,832.98
9 $ 10,000.00 | $ 94,239.14 | $  (84,327.46)| $ (33,960.00)| $ (14,048.31)| $2,814,784.66
10 $ 15,000.00 | $ 94,710.34 | $  (87,278.92)[ $ (33,960.00)| $ (11,528.58)| $2,803,256.08
11 $ 10,000.00 | $ 05,183.89 [ $ (90,333.68)| $ (33,960.00)| $ (19,109.79)| $2,784,146.30
12 $ 10,000.00 | $ 95,659.81 [ $  (93,495.36)| $ (33,960.00)| $ (21,795.55)| $2,762,350.75
13 $ 10,000.00 | $ 96,138.11 [ $  (96,767.70)| $ (33,960.00)| $ (24,589.59)| $2,737,761.16
14 $ 10,000.00 | $ 96,618.80 [ $ (100,154.57)| $ (33,960.00)| $ (27,495.77)| $2,710,265.39
15 $ 15,000.00 | $ 97,101.90 [ $ (103,659.98)| $ (33,960.00)| $ (25,518.08)| $2,684,747.31
16 $ 10,000.00 | $ 97,587.40 | $ (107,288.08)[ $ (33,960.00)| $ (33,660.67)| $2,651,086.64
17 $ 10,000.00 | $ 98,075.34 [ $ (111,043.16)| $ (33,960.00)| $ (36,927.82)| $2,614,158.82
18 $ 10,000.00 | $ 98,565.72 [ $ (114,929.67)| $ (33,960.00)| $ (40,323.95)| $2,573,834.87
19 $ 10,000.00 | $ 99,05855 | $ (118,952.21)[ $ (33,960.00)| $ (43,853.66)| $2,529,981.21
20 $ 15,000.00 | $ 99,553.84 [ $ (123,115.54)| $ (33,960.00)| $ (42,521.70)
21 $ 10,000.00 [ $ 100,051.61 | $ (127,424.58)| $ (33,960.00)[ $ (51,332.97)
22 $ 10,000.00 [ $ 100,551.87 | $ (131,884.44)] $ (33,960.00)| $ (55,292.57)
23 $ 10,000.00 | $ 101,054.63 | $ (136,500.39)] $ (33,960.00)| $ (59,405.77)
24 $ 10,000.00 [ $ 101,559.90 | $ (141,277.91)] $ (33,960.00)| $ (63,678.01)
25 $ 10,000.00 [ $ 102,067.70 | $ (146,222.64)] $ (33,960.00)| $ (68,114.94)
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Figure D.5 — Biomass Boiler Emissions Data (UCSUSA)

Direct Air Emissions from Biomass, Coal and Natural Gas Power Plants, by Boiler Type
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niot EpecTied nct spectied) [thorEss type {uncaniroied)
nek speckied)
Flurdized Bed. 0.08 0g 017 0.3 11 F5Z boliers In Calfornla
Biomass (4] (biomass type [hiDTEsS ype DiOmEss fype [iotal parficulates)
not speciied) not specTied net specTied) {blerass typa
ok specried)
Energy Crops 0.05 1.10%02.2 023 0.01 Comiustor i gas goss
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Gaeifiaation based on SO numbers | 0.22 12 0.44 wBh SCF) particuiates) Baghouse. Symgas goes
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ia.k) adusted by 3 factor of |paghauss betare gas tubine,
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Tor heal rae
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Holler (d) (1ot parbe yLIEs {5y pleally Baghouse,
Imggsang FGC)
[Cofiing 15% Bomass 122 5.7 0.55 0.32 (ot ;
{d2) pArTCLIBES)
[Flodized Bea. 3.7 (1wl 5ooa 27 LE 0.30 BagnouseE for P Lanue, Ca
Coal () 3 =3 5 saroenis used far 50,
Matural Gas Technology
4-Stroke NG 0.008 76383 208-35.0 0.09-0.18 No contral excepl
Reciprocating (depends onioad | [Sepends onioad | (depends on koad PG & nigh-end of
Engine {g] andarfisirain) | andarfusirato) | and sirfuel ratc) P10 range
Natural Gas 0.00g 1.72 0= i) Viater-steam
Turbing {2} {00007 wise S) [ital pariculates) Iriecion oniy
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(Source: DOE, 2003 [181)
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APPENDIX E

Figure E.1 — Electrical Data for Ground Source Heat Pumps (Trane)

TRANE*
Electrical Data
Table 103. Electrical data: standard static motors—72>-5 tons
Maximum
Total|Comp|Comp Blower|Blower| Fan |Minimum [Overcurrent|Electric|Electric
Model Unit | RLA | LRA | No. of |Cmp| Motor | Motor | Motor | Circuit | Protective | Heat Heat
No. Volts FLA | (ea) | (ea) |Comp.| MCC| FLA hp Num. | Ampacity Device kw Amps
GEHE/GEVE
006 115/60/1 6.8 5.6 30.0 1 755 1.20 1/12 1 8.20 15 0.0 0.0
006 208/60/1 3.9 3.3 14.0 1: 4.2 0.60 1/12 1 4.73 15 0.0 0.0
006 208/60/1 4.5 3.3 14.0 1 4.2 0.60 1/12 1 5.68 15 0.8 3.9
006 230/60/1 3.8 3.2 15.0 1 4.2 0.60 1/12 1, 4.60 15 0.0 0.0
006 230/60/1 4.9 3.2 15.0 1 4.2 0.60 1/12 ik 6.18 15 1.0 4.3
006 220-240/50/1| 3.4 2.9 17.0 1 4.0 0.52 1/12 1 4.15 15 0.0 0.0
006 220-240/50/1 | 7.4 2.9 17.0 1 4.0 0.52 1/12 1 9.19 15 1.6 6.8
006 265/60/1 3.0 2i5 11.0 1 3.5 0.52 1/12 1 3.65 15 0.0 0.0
006 265/60/1 5.5 2.5 11.0 1 3.5 0.52 1/12 1 6.92 15 1.3 5.0
009 115/60/1 7.6 6.4 36.0 1 8.6 1.20 1/12 1 9.20 15 0.0 0.0
009 208/60/1 4.3 3.7 16.0 1 4.8 0.60 1/12 il 5.23 15 0.0 0.0
009 208/60/1 6.5 37 16.0 1 4.8 0.60 1/12 1 8.14 15 1.2 5.9
009 230/60/1 4.1 35 17.0 i 4.8 0.60 1/12 1 4.98 15 0.0 0.0
009 230/60/1 ok 3.5 17.0 I 4.8 0.60 1/12 i 8.90 15 1.5 6.5
009 220-240/50/1| 6.0 5.3 23.0 i, 7.4 0.72 1/8 1 7.35 15 0.0 0.0
009 220-240/50/1| 9.8 5.3 23.0 I 7.4 0.72 1/8 1 12.20 15 2.2 9.0
009 265/60/1 3.3 2.8 13.0 . 3.7 0.52 1/12 1 4.02 15 0.0 0.0
009 265/60/1 81 | 2.8 | 13.0 1 3.7 | 0.52 1/12 A 10.08 15 2.0 755
012 115/60/1 13.7'| 124 58.0 , 16.9 1:57 1/8 1 16.70 25 0.0 0.0
012 208/60/1 7.0 6.3 30.0 i 8.8 0.70 1/8 1 8.58 15 0.0 0.0
012 208/60/1 8.5 6.3 27.0 1. 8.8 0.70 1/8 1 10.67 15 1.6 7.8
012 230/60/1 7.0 6.3 30.0 1 8.8 0.70 1/8 1 8.58 15 0.0 0.0
012 230/60/1 9.4 6:3 30.0 1 8.8 0.70 1/8 1 11.74 15 2.0 8.7
012 220-240/50/1| 7.4 6.7 30.0 1 9.4 0.72 1/8 1 9.10 15 0.0 0.0
012 220-240/50/1| 12.0| 6.7 | 30.0 i 9.4 | 0.72 1/8 1 14.96 15 2.7 11.3
012 265/60/1 57 5.0 23.0 1 7.0 0.72 1/8 1 6.97 15 0.0 0.0
012 265/60/1 10.7 5.0 23.0 1. 7.0 0.72 1/8 1 13.40 15 2.7 10.0
015 208/60/1 8.6 78 36.0 1 11.1 0.70 1/8 1 10.58 15 0.0 0.0
015 208/60/1 10.3| 7.9 36.0 1 114 0.70 1/8 1 12.89 15 2.0 9.6
015 230/60/1 8.6 7.9 36.0 1 111 0.70 1/8 1 10.58 15 0.0 0.0
015 230/60/1 11.6| 7.9 36.0 1 111 0.70 1/8 1 14.46 15 2.5 10.9
015 220-240/50/1| 9.0 | 8.2 | 36.0 1 11.5 | 0.80 1/8 1 11.05 15 0.0 0.0
015 220-240/50/1| 14.5( 8.2 36.0 1: 11.5 0.80 1/8 1 18.08 20 3.3 13.7
015 265/60/1 7 6.4 30.0 1 9.0 0.72 1/8 1 8.72 15 0.0 0.0
015 265/60/1 13.2| 6.4 30.0 d: 9.0 0.72 1/8 i1 16.47 20 3.3 12.5
018 208/60/1 10.5| 9.6 42.0 al 13.4 0.90 1/8 1 12.90 20 0.0 0.0
018 208/60/1 1272 9.6 42.0 1 13.4 0.90 1/8 1 15.91 20 2.5 11.8
018 230/60/1 10.5| 9.6 42.0 1 13.4 0.90 1/8 1 12.90 20 0.0 0.0
018 230/60/1 13:9:| 96 42.0 1 13.4 0.90 1/8 1, 17.43 20 3.0 13.0
continued on next page
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Figure E.1 — Electrical Data for Ground Source Heat Pumps (continued)

Electrical Data

Table 103. Electrical data: standard static motors—2-5 tons {(continued)

Maximum
Total|Comp|Comp Blower|Blower| Fan |[Minimum |Overcurrent|Electric|Electric

Model Unit| RLA | LRA | No. of [Cmp | Motor | Motor | Motor | Circuit Protective Heat Heat

No. Volts FLA | (ea) | (ea) |Comp.| MCC| FLA hp Num. | Ampacity Device kw Amps
GEHE/GEVE
018 220-240/50/1| 11.1 9.6 54.0 1 15.0 1.53 1/3 1 13.53 20 0.0 0.0
018 220-240/50/1| 19.7 9.6 54.0 1 15.0 1.53 1/3 1 24.57 25 4.4 18.1
018 265/60/1 8.5 7.7 35.0 1 10.8 0.80 1/8 1 10.43 15 0.0 0.0
018 265/60/1 159 | 7.7 35.0 1 10.8 0.80 1/8 1 19.87 20 4.0 15.1
018 380-415/50/3| 5.2 4.2 28.0 1 6.5 0.95 1/3 1 6.20 15 0.0 0.0
018 380-415/50/3| 7.0 3.6 28.0 1 5.6 0.95 1/3 1 8.75 15 4.4 6.1
024 208/60/1 14.9| 12.8 58,8 il 20.0 2,10 1/3 1 18.10 30 0.0 0.0
024 208/60/1 17.8 | 12.8 58.3 1 20.0 2.10 1/3 1 22:22 30 3.3 15.7
024 230/60/1 14.9| 12.8 58.3 1 20.0 2.10 1/3 1 18.10 30 0.0 0.0
024 230/60/1 19.5| 12.8 58.3 1 20.0 2.10 1/3 1 24.36 30 4.0 17.4
024 220-240/50/1| 12,7 | 11.2 60.0 1 17.5 1.53 1/3 1 15.53 25 0.0 0.0
024 220-240/50/1| 24.0 | 11.2 60.0 1 17.5 1.53 1/3 1 30.04 35 5.4 22.5
024 265/60/1 11.1 9.6 54.0 1 15.0 1.53 1/3 1 13.53 20 0.0 0.0
024 265/60/1 21.5| 9.6 54.0 1 15.0 1.53 1/3 1 26.91 30 5.3 20.0
024 208/60/3 9i2 LT 53.7 1 12.0 1.53 1/3 1 11.16 15 0.0 0.0
024 208/60/3 10.6 | 7.7 53.7 1 12.0 1.53 1/3 1 13.22 15 3.3 9.0
024 230/60/3 9.8 7.7 53.7 1 12.0 2.10 1/3 1 13273 15 0.0 0.0
024 230/60/3 12.1 7.7 53.7 1 12.0 2.10 1/3 1 15.18 20 4.0 10.0
024 380-415/50/3| 5.2 4.2 28.0 1 6.5 0.95 1/3 1 6.20 15 0.0 0.0
024 380-415/50/3| 8.5 4.2 28.0 1 6.5 0.95 1/3 1 10.58 15 5.4 7.5
024 460/60/3 4.6 3.6 28.0 1 5.6 0.95 1/3 1 5.45 15 0.0 0.0
024 460/60/3 7.6 3.6 28.0 1 5.6 0.95 1/3 1 9.50 15 5:3 6.7
030 208/60/1 16.2 | 14.1 | 73.0 1 22.0| 2.10 1/3 1 19.73 30 0.0 0.0
030 208/60/1 21.8 | 14.1 73.0 1 22.0 2.10 1/3 1 27.26 30 4.1 19.7
030 230/60/1 16.2 | 14.1 73.0 1 22.0 2.10 1/3 1 19.73 30 0.0 0.0
030 230/60/1 23.8| 14.1 73.0 1 22.0 2.10 1/3 1 29.80 30 5.0 21.7
030 220-240/50/1| 19.5 | 16.7 79.0 1 26.0 2.77 1/2 1 23.65 40 0.0 0.0
030 220-240/50/1| 29.9 | 13.5 72.0 1 21.0 2.77 1/2 1 37.42 40 6.5 27.2
030 265/60/1 12.7 | 11.2 60.0 1 17.5 1.53 1/3 1 15.53 25 0.0 0.0
030 265/60/1 26.4 | 11.2 60.0 1 17.5 1.53 1/3 1 33.04 35 6.6 24.9
030 208/60/3 11.0| 8.9 58.0 1 13.9 2.10 1/3 1 13:23 20 0.0 0.0
030 208/60/3 13.5| 8.9 58.0 1 13.9 2.10 1/3 1 16.85 20 4.1 11.4
030 230/60/3 11.0| 8.9 58.0 1 13.9 2.10 1/3 1 13.23 20 0.0 0.0
030 230/60/3 14.7 8.9 58.0 1 13.9 2.10 1/3 1 18.31 20 5.0 12.6
030 380-415/50/3| 7.5 5.8 38.0 1 9.0 1.70 1/2 1 8.95 15 0.0 0.0
030 380-415/50/3| 10.8 5.8 38.0 1 9.0 1.70 1/2 1 13.46 15 6.5 9.1
030 460/60/3 5.2 4.2 28.0 1 6.5 0.95 1/3 1 6.20 15 0.0 0.0
030 460/60/3 952 4.2 28.0 1 6.5 0.95 1/3 1 11.54 15 6.6 8.3
continued on next page
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Figure E.1 — Electrical Data for Ground Source Heat Pumps (continued)

Electrical Data

Table 103. Electrical data: standard static motors—"2-5 tons {continued)

Maximum
Total|Comp|Comp Blower|Blower| Fan |Minimum |Overcurrent|Electric|Electric

Model Unit | RLA | LRA | No. of [Cmp | Motor | Motor | Motor | Circuit Protective | Heat Heat

No. Volts FLA | (ea) | (ea) |Comp.|MCC| FLA hp Num. | Ampacity Device kw Amps
GEHE/GEVE
036 208/60/1 20.3| 16.7 | 79.0 1 26.0 | 3.60 1/2 1 24.48 40 0.0 0.0
036 208/60/1 27.2 | 16.7 79.0 1 26.0 3.60 1/2 1 33.95 40 4.9 23.6
036 230/60/1 20.3| 16.7 | 79.0 1 26.0 | 3.60 1/2 1 24.48 40 0.0 0.0
036 230/60/1 29.7 | 16.7 79.0 1 26.0 3.60 1/2 1 37.11 40 6.0 26.1
036 265/60/1 16.3 | 13.5 | 72.0 1 21.0 | 2.77 1/2 1 19.65 30 0.0 0.0
036 265/60/1 32.8| 13.5 | 72.0 1 21.0 2.77 1/2 1 40.96 45 8.0 30.0
036 208/60/3 14.0 | 10.4 73.0 1 16.3 3.60 1/2 1 16.60 25 0.0 0.0
036 208/60/3 17.2 | 10.4 | 73.0 1 16.3 3.60 1/2 1 21.50 25 4.9 13.6
036 230/60/3 14.0| 10.4 | 73.0 1 16.3 3.60 1/2 1 16.60 25 0.0 0.0
036 230/60/3 18.7 | 10.4 | 73.0 1 16.3 3.60 1/2 1 23.33 25 6.0 15.1
036 380-415/50/3| 7.7 6.0 44.0 1 9.3 1.70 1/2 1 9.20 15 0.0 0.0
036 380-415/50/3| 11.6 | 6.0 | 44.0 1 9.3 1.70 1/2 1 14.56 15 7:2 9.9
036 460/60/3 7.5 5.8 38.0 1 9.0 1.70 1/2 1 8.95 15 0.0 0.0
036 460/60/3 1317 5.8 38.0 1 9.0 1.70 1/2 1k 14.60 15 8.0 10.0
GEHE/GEVE
042 208/60/1 21.5| 17.9 | 112.0 1 28.0 3.60 1/2 1 25.98 40 0.0 0.0
042 208/60/1 31.0| 17.9 | 112.0 1 28.0 3.60 1/2 1 38.75 40 5.7 27.4
042 230/60/1 21.5| 17.9 | 112.0 1 28.0 | 3.60 1/2 1 25.98 40 0.0 0.0
042 230/60/1 34.0| 17.9 | 112.0 1 28.0 3.60 1/2 s 42.54 45 7.0 30.4
042 208/60/3 17.1| 13.5 | 88.0 1 21.1 3.60 1/2 1 20.48 30 0.0 0.0
042 208/60/3 19.4 | 13.5 | 88.0 1 211 3.60 1/2 1 24.28 30 5.7 15.8
042 230/60/3 17.1| 13.5 | 88.0 1 211 3.60 1/2 1 20.48 30 0.0 0.0
042 230/60/3 21.2 | 13.5 | 88.0 1 21.1 3.60 1/2 1 26.46 30 7.0 17.6
042 380-415/50/3| 7.7 6.3 55.0 1 9.9 1.40 1/2 1 9.28 15 0.0 0.0
042 380-415/50/3| 13.4| 6.3 | 55.0 1 9.9 1.40 1/2 1 16.71 20 8.6 12.0
042 460/60/3 7.7 6.0 44.0 1 S:3 1.70 1/2 1 9.20 15 0.0 0.0
042 460/60/3 13.4| 6.0 | 44.0 1 9.3 1.70 1/2 1 16.72 20 9.3 11.7
042 575/60/3 6.2 4.9 34.0 1 7 1.31 1/2 1 7.44 15 0.0 0.0
048 208/60/1 24.2 | 21.4 | 135.0 il 33.4| 2.80 1/2 1 29.55 50 0.0 0.0
048 208/60/1 34.1| 21.4 | 135.0 1 33.4| 2.80 1/2 1 42.56 50 6.5 31.3
048 230/60/1 24.2 | 21.4 | 135.0 1 33.4 2.80 1/2 1k 29.55 50 0.0 0.0
048 230/60/1 37.6 | 21.4 | 135.0 1 33.4| 2.80 1/2 1 46.98 50 8.0 34.8
048 208/60/3 17.3| 14.5 | 98.0 1 22.6 2.80 1/2 1 20.93 35 0.0 0.0
048 208/60/3 20.8 | 14.5 | 98.0 ik 22.6 | 2.80 1/2 1 26.05 35 6.5 18.0
048 230/60/3 17.3| 14.5 | 98.0 1 22.6 2.80 1/2 1 20.93 35 0.0 0.0
048 230/60/3 22.9| 14.5 | 98.0 1 22.6 2.80 1/2 1 28.60 35 8.0 20.1
048 380-415/50/3| 10.5| 7.8 | 52.0 i 121 | 270 i 1 12.45 20 0.0 0.0
048 380-415/50/3| 14.7 | 7.8 52.0 1 12.1 2.70 1 1 18.33 20 8.6 12.0
048 460/60/3 7.7 | 6.3 | 55.0 1 9.9 1.40 1/2 1 9.28 15 0.0 0.0
048 460/60/3 14.7 | 6.3 55.0 1 9.9 1.40 1/2 1 18.38 20 10.6 13.3
continued on next page
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Figure E.1 — Electrical Data for Ground Source Heat Pumps (continued)

e TRANE'
Electrical Data
Table 103. Electrical data: standard static motors—"2-5 tons {continued)
Maximum
Total|Comp|Comp Blower|Blower| Fan |Minimum |Overcurrent|Electric|Electric
Model Unit | RLA | LRA | No. of [Cmp | Motor | Motor | Motor | Circuit Protective Heat Heat
No. Volts FLA | (ea) | (ea) |Comp. | MCC| FLA hp Num. | Ampacity Device kw Amps
048 575/60/3 7.4 6.0 41.0 1 9.4 1.40 1/2 1 8.90 15 0.0 0.0
060 208/60/1 31.7 | 26.3 | 134.0 1 41.0 5.40 1 1 38.28 60 0.0 0.0
060 208/60/1 36.7 | 26.3 | 134.0 1 41.0| 5.40 1 il 45.81 60 6.5 31.3
060 230/60/1 31.7 | 26.3 | 134.0 1 41.0 5.40 1 1 38.28 60 0.0 0.0
060 230/60/1 40.2 | 26.3 | 134.0 1 41.0 5.40 1 1 50.23 60 8.0 34.8
060 208/60/3 21.0| 15.6 | 110.0 1 24.4 5.40 1 1 24.90 40 0.0 0.0
060 208/60/3 23.4 | 15.6 | 110.0 1 24,4 | 5.40 1 1 29.30 40 6.5 18.0
060 230/60/3 21.0| 15.6 | 110.0 1 24,4 5.40 1 1 24.90 40 0.0 0.0
060 230/60/3 25.5| 15.6 | 110.0 1 24.4 5.40 1 1 31.85 40 8.0 20.1
060 380-415/50/3| 12.3| 9.6 75.0 1 15.0 2.70 1 1 14.70 20 0.0 0.0
060 380-415/50/3| 14.7 | 9.6 | 75.0 1 150 2.70 1 1 18.33 20 8.6 12.0
060 460/60/3 10.5| 7.8 | 52.0 1 121 | 2.70 1 1 12.45 20 0.0 0.0
060 460/60/3 16.0| 7.8 52.0 1 12.1 2.70 1 1 20.01 25 10.6 13.3
060 575/60/3 8.0 5.8 38.9 1 9.1 2.20 1 1 9.45 15 0.0 0.0
Table 104. Electrical data: High static motors—72-5 tons
Maximum
Total |[Comp| Comp Blower |Blower| Fan |Minimum |[Overcurrent|Electric|Electric
Model Unit | RLA | LRA [No.of |Cmp| Motor | Motor | Motor | Circuit | Protective | Heat | Heat
No. Volts FLA | (ea) | (ea) |Comp.|MCC| FLA hp Num. |Ampacity Device kW Amps
GEHE/GEVE
006 115/60/1 6.8 56 | 30.0 1 7.5 1.20 1/12 1 8.20 15 0.0 0.0
006 208/60/1 3.9 3.3 | 14.0 1 4.2 | 0.60 1/12 1 4,73 15 0.0 0.0
006 208/60/1 4.5 3.3 14.0 1 4.2 0.60 1/12 1 5.68 15 0.8 3.9
006 230/60/1 3.8 3.2 15.0 1 4.2 0.60 1/12 1 4.60 15 0.0 0.0
006 230/60/1 4.9 3.2 15.0 1 4.2 0.60 1/12 1 6.18 15 1.0 4.3
006 220-240/50/1 | 3.4 2.9 | 17.0 1 4.0 | 0.52 1/12 1 4,15 15 0.0 0.0
006 220-240/50/1 | 7.4 2.9 | 17.0 1 4.0 | 0.52 1/12 1 9.19 15 1.6 6.8
006 265/60/1 3.0 2.5 11.0 1 3.5 0.52 1/12 1 3.65 15 0.0 0.0
006 265/60/1 5.5 2.5 | 11.0 1 3.5 | 0.52 1/12 il 6.92 15 1.3 5.0
009 115/60/1 7.6 6.4 | 36.0 1 8.6 1.20 1/12 1 9.20 15 0.0 0.0
009 208/60/1 4.3 3.7 16.0 1 4.8 0.60 1/12 1 5.23 15 0.0 0.0
009 208/60/1 6.5 3.7 16.0 1 4.8 0.60 1/12 1 8.14 15 1.2 5.9
009 230/60/1 4.1 3.5 17.0 1 4.8 0.60 1/12 1 4.98 15 0.0 0.0
009 230/60/1 7.1 3.5 | 17.0 1 4.8 | 0.60 1/12 1 8.90 15 1.5 6.5
009 220-240/50/1 | 6.0 5.3 | 23.0 1 7.4 | 0.72 1/8 1 7.35 15 0.0 0.0
009 220-240/50/1 9.8 5.3 23.0 1 7.4 0.72 1/8 1 12.20 15 2.2 9.0
009 265/60/1 3.3 2.8 | 13.0 1 3.7 0.52 1/12 1 4,02 15 0.0 0.0
009 265/60/1 8.1 2.8 | 13.0 1 3.7 0.52 1/12 1 10.08 15 2.0 7.5
012 115/60/1 13.7 12.1 58.0 1 16.9 1.57 1/8 1 16.70 25 0.0 0.0
012 208/60/1 7.0 6.3 30.0 1 8.8 0.70 1/8 1 8.58 15 0.0 0.0
012 208/60/1 8.5 6.3 27.0 1 8.8 0.70 i/8 1 10.67 15 1.6 7.8
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APPENDIX F

Figure F.1 - Initial Cost of Geothermal System

. Material Labor . COST
Unit . t tit .

System Component "] fsiunig | fsinig | *Y*™Y [“Material | Labor | TOTAL

Drill Boreholes, 6" diameter | L.F. $0.00 $6.50 25,000 $0.00 $162,500.00 | $162,500.00

Trench Excavation for

Header, 8" wide, 48" deep L.F. $0.00 $1.03 3518 $0.00 $3,623.54 $3,623.54

and backfill

U-tube piping, 1-1/4" HDPE | L.F. $0.91 $0.00 52,392 $47,676.72 $0.00 $47,676.72

Header Piping, 4" HDPE L.F. $3.05 $0.00 1526 $4,654.30 $0.00 $4,654.30

Fusion for HDPE joint, 1-

1/4" (every 40' of piping) EA $0.00 $8.30 718 $0.00 $5,959.40 $5,959.40

Fusion for HDPE joint, 4"

(every 40 of piping) EA $0.00 $18.85 88 $0.00 $1,658.80 $1,658.80

Sand, grout mixture and pipe

bedding in trench C.Y. $1.60 $0.81 523 $836.80 $423.63 $1,260.43

Granular Bentonite, 50lbbag | g, | g980 | $081 | 1188 | $11,642.40 | $962.28 | $12,604.68

(0.625 ft°)

90d Elbow, 4" HDPE EA $18.70 $0.00 36 $673.20 $0.00 $673.20

90d Elbow, 1-1/4" HDPE EA $6.70 $0.00 252 $1,688.40 $0.00 $1,688.40

Tee, 4" HDPE EA $22.50 $0.00 22 $495.00 $0.00 $495.00

7-1/2 hp, 1750RPM

Centrifugal Pump, end EA | $7,600.00 | $465.00 2 $15,200.00 $930.00 $16,130.00

suction, base mounted

Water Source Heat Pump ton | $1,800.00 | $500.00 90 $162,000.00 | $45,000.00 | $207,000.00
$244,866.82 | $221,057.65 | $465,924.47
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Figure F.2 - RS Means Square Foot Cost of Small Warehouse

CONMMERCIAL/ INDUD I KIAL/ 0 T Warehouse. M
INSTITUTIONAL arehouse, mMmini

Costs per square foot of floor area

| -
| . S.F. Area 2000 3000 5000 8000 12000 20000 30000 50000
| St LF. Perimeter 180 220 300 420 580 900 1300 2100
‘ Concrete Block Steel Frame 18465  162.90 145.65 135.85 130.40 126.15 123.95 122.20
| R/Conc. Frame 160.90 I 149.25 I 139.90 134.70 131.75 129.45 128.25 127.35
i Metal Sandwich Panel Steel Frame 15595 14325 133.10 127.40 124.20 121.65 120.40 119.40
i Tiltup Concrete Panel R/Conc. Frame 16885  156.80 147.20 141.80 138.80 136.40 135.20 134.20

R Oho Skl Frame 16705 15140 13895 13195 12800 12490 12335 12210

Panel R/Conc. Frame 18620 17075 15840 15145 14760 14445 14295 14170

Perimeter Adj., Add or Deduct Per 100 LF. 27.95 I 18.70 I 11.25 7.00 4.65 2.80 1.85 1.10
‘1 Story Hgt. Adj., Add or Deduct Per 1 Ft. 2.80 2.30 1.95 1.65 1.60 1.40 1.40 1.35
‘r Bosement—Not Applicable

| The above costs were calculated using the basic specifications shown on the fucing page. These cosls should be adusted where necessary for

| design alternatives and owner's requirements. Reported completed project costs for this fype of structure, range from $34.95 to $200.50 per S.F.
l Common additives

| Descripfion Unit § Cos Description Unit
i Dock Leveler, 10 ton cap. Sound System

| 6 x8 Each 6925 Amplifier, 250 watts Eoch
| 7'x8' Each 7800 Speaker, ceiling or wall Each
- Emergency Lighting, 25 watt, battery operated Trumpet Each
§ Lead battery Each 290 Yard Lighting, Boch

4 Nickel cadmium Each 770 20’ aluminum pole with

Fence, Chain link, 6’ high 400 wat high pressure
9 ga. wire LF. 7 sodium fixture

[ 6 ga. wire LF. 28.50
’; Gote Foch 360
fl Flagpoles, Complete
B Aluminum, 20" high Each 1600

| 40'high Each 3625

i 70" high Each 9975

| Fiberglass, 23" high Each 1400

| 39'5" high Each 3500

i 59" high Each 8675

| Paving, Bituminous

L Wearing course plus base course SY. 805

! Sidewalks, Concrete 4" thick 5 433

!

226 Important: See the Reference Section for Location Facic
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Figure F.2 — RS Means Square Foot Cost of Small Warehouse, continued

i - STeTTeTeTTOr v - ot -y
with 12’ story height and 20,000 square feet
of floor area Unit Unit | Cost | %Of
Cost | PerSF | Sub-Tokal
A. SUBSTRUCTURE
1010 | Standard Foundations Poured concrete; strip and spread footings S.F. Ground 1.88 1.88
1020 | Special Foundations N/A - = -
1030 | Slab on Grade 4" reinforced concrete with vapor barrier and granular base S.F. Slab 10.57 10.57 16.9%
2010 | Basement Excavation Site preparation for slab and trench for foundation wall and footing S.F. Ground .30 .30
2020 | Basement Walls 4" foundation wall L.F. Wall 72 3.22
B. SHELL
B10 Superstructure
1010 | Floor Construction N/A 4 =2 £ i
1020 | Roof Construction Metal deck, open web steel joists, beams, columns S.F. Roof 8.79 8.79 S
B20 Exterior Enclosure
2010 | Exterior Walls Concrete block 70% of wall S.F. Wall 14.71 5.56
2020 | Exterior Windows Aluminum projecting 5% of wall Each 811 7.30 17.6%
2030 | Exterior Doors Steel overhead, hollow metal 25% of wall Each 1716 378
B30 Roofing
3010 | Roof Coverings Builtup tar and gravel with flashing; perlite/EPS composite insulation S.F. Roof 4.94 494
: 5.2%
3020 | Roof Openings N/A < L o7
C. INTERIORS
1010 | Parfitions Concrete block, gypsum board on metal studs 10.65 S.F. Floor/L.F. Partiion | S.F. Partifion 8.86 15.19
1020 | Interior Doors Single leaf hollow metal 300 S.F. Floor/Door Each 1920 6.40
1030 | Fittings N/A = g —
2010 | Stair Construction N/A - - - 22.9%
3010 | Wall Finishes N/A 8¢ 2 o5
3020 | Floor Finishes N/A Al 3% L
3030 | Ceiling Finishes N/A = oL -
D. SERVICES
D10 Conveying
1010 | Elevators & Lifts N/A & 18, 504
1020 | Escalators & Moving Walks N/A = = s
D20 Plumbing
2010 | Plumbing Fixtures Toilet and service fixtures, supply and drainage 1 Fixture/5000 S.F. Floor Each 2750 .55
2020 | Domestic Water Distribution | Gas fired water heater S.F. Floor 27 27 I 1.8% I
2040 | Rain Water Drainage Roof drains S.F. Roof .87 .87
D30 HVAC
3010 | Energy Supply N/A = = =
3020 | Heat Generating Systems Oil fired hot water, unit heaters Each 9.65 9.65
3030 | Cooling Generating Systems | N/A - - -
3050 | Terminal & Package Units N/A - - -
3090 | Other HVAC Sys. & Equip N/A = - &
D40 Fire Protection
4010 | Sprinklers Wet pipe sprinkler system S.F. Floor 473 4.73
P Y
4020 | Standpipes Standpipe S.F. Floor 48 A48
D50 Electrical
5010 | Electrical Service/Distribution | 200 ampere service, panel board and feeders S.F. Floor 173 1.73
5020 | Lighting & Branch Wiring High efficiency fluorescent fixtures, receptacles, switches and misc. power S.F. Floor 6.67 6.67
5030 | Communications & Security | Addressable alarm systems S.F. Floor 1.29 1.29
5090 | Other Electrical Systems Emergency generator, 7.5 kW S.F. Floor RA R
E. EQUIPMENT & FURNISHINGS
1010 | Commercial Equipment N/A = = =
1020 | Institutional Equipment N/A 5 7 i 0.0 %
1030 | Vehicular Equipment N/A = = = $oKy
1090 | Other Equipment N/A %% o i
F. SPECIAL CONSTRUCTION
1020 | Integrated Construction N/A =5 i o 0.0 %
1040 | Special Facilities N/A = - L g
G. BUILDING SITEWORK N/A
Sub-Total 9428  100%
CONTRACTOR FEES (General Requirements: 10%, Overhead: 5%, Profit: 10%) 25% | 23.62
ARCHITECT FEES 7% 8.25
Total Building Cost  126.15
227
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Figure F.3 — RS Means Location Correction Factors

Location Factors

0 Building Systems

STA
TE/ZIP [ ey MAT. INST. TOTAL STATE/ZIP , CITY
;*] NORTH CAROLINA (CONTD) i INST. | ToTAL
| 52?»288 ;"Chkow 95.2 428 71.8 T%‘ NSYLVANIA (CONTD)
1 o MS eville 97.4 46.0 74.4 178 Williamsport 933 79.7
§ urphy 9%.2 334 68.1 179 Sy 95.5 94.0 4
2 ottsville g 2
§ ?8%?;5 DAKOTA % g? Lehigh Valley ggfg 1 ?22 o
& 282 Fargo 1024 64.3 85.4 182 Allentown 98.3 10856 jos2
. e Dot Lores 1026 538 80.8 183 il 95.5 97.3 %3
b ake 101.7 56.0 : troudsburg 95.3 : -
) 584 Jamestown 101 ’ 81.3 184-185 - 102.3 98.4
i : 9 46.8 Sc_ranton 99, 5
Ts‘" ggg g:(s:mrzlaggl:l 100.8 63.0 8753 }32187 Wkesﬁarre 95.(2) g;; ggg
3 ! 102.8 58.2 g ontrose 9. ! -
| Minot 1025 70.0 e 1 Doylestown %51 129 o
4 Williston 101.0 58.2 819 19(}191 Philadelphia 997 1325 107.1
L oo 4 154 oo il o1 1267 | 1089
orristown 95, § :
P |3 oo™ 79 | w3 | ws el Reacing 74 | 'Se | i3
b [432436 Toledo 581 = 88.2 PUERTO RICO '
437438 Zanesville 9%, 21 7.1 009 San Ji
‘ 439 Steubenville 2 811 886 = 1218 24.0 78.1
L [0 Lorain o 905 938 RHODE ISLAND '
| Cleveland ' 1.5 95.5 028 N
| 440443 i 99.0 1005 99.7 029 ewport 993 1115 104.7
o 444445 Yoﬂ?'gstown 89'8 926 9.6 Providence 100.3 1115 1053
6447 Canton o 87.5 939 SOUTH CAROLINA
I | 18440 Mansfield o 82.5 918 290292
| 150 Hanat 96.2 87.0 92.1 293 Columbia 97.6 50.0 76.3
| |s51452 Cicimat %0 g8 04 294 Charan x4 4956 755
I | 453454 Dayton : 86.3 91.7 295 Flaaeon 98.0 58.3 80.2
l] 4%5 Springfield A 836 9.3 296 el %.2 50.0 755 I
| i 95.7 83.8 Greenville 96.2 . ; |
| 456 Chillicoth - 90.4 297 : . 496 75.3
g othe 94.5 885 Rock Hill 95 ;
i 457 Athens 97 : 91.8 298 Aik 7 47.7 743 ;
I [48 Lima 0 810 89.8 299 e 9.7 719 86 | |
'}'. N 97.4 85.0 91.9 " Beaufort 975 430 731
UTH DAKOTA f
ER Oklahoma City 98.2 615 81.8 S Sioux Falls 1006 57.9 4
M g o2 610 79.9 273 i 9.7 522 % | B
| i 6 62.3 : chel 08, y : .
| ;gg Elvnton %.7 596 gég g;g Aberdeen 10?.3 ?,ig %4
|73 Wou 974 50,6 805 576 i 997 545 708
{ 73 Goodward 95.4 507 292 i Mobrldge 99.1 52-0 78.0
b (720741 i 9.5 311 67.3 Rapid City 101.0 55.3 806 §
43 Miami 974 542 781 TENNESSEE '
744 Muskoge 94.0 69.0 82.8 370372 < E
" Msioges %.7 396 28 i Nashville 9.7 727 85.9 i
D Calester 937 51.2 5 L Chattanooga 98.2 66.9 : |
o gﬁpac; City 043 Y = 375,380381 gﬂemphis %6 703 gﬁ-g 13
94.3 58. ) lohnson City i . : i
;ig Shawnee 96.0 5?2 ;g; 377379 Knoxville ‘%g 217171 5
Poteau 933 623 795 382 Mckenzie 9.3 62.1 B
OREGON ‘ e ckean 98.2 638 8a
97097 = Columbia 94.9 67.3 Y
4 Portand 100.0 99.7 99.9 85 Cookeville %.2 603 o
o Evgene %5 %3 993 TEXAS ' i 1
75 Medford ; : 2.1 750 i 4
97 101.5 9.7 Mckinney 99, i
(o7 i 1015 9.7 %3 72753 Warahackie %94 25 a0 1
97 100.3 98.4 i : allas i : .
i Pendleton 94.9 100.3 o o Greeniill be s iy
Vale 926 90.4 916 4y Texarkana 991 515 78
& ongview 3 :
i 758 L 02 | se | 2
1% Washingion %3 | lo29 | 009 759 e o 274 788
5 - 100.8 in 9.7 ;
155 gnlontown 9%.6 99.9 ggg 322761 Fort Worth 97.7 2§'é ;2-2
156 e 97.6 911 94.7 763 Denton 97.3 484 754
157 reensburg 975 99.4 383 : Wichita Falls 98.1 55.5 791
158 Indiana 9.3 982 971 e Eastiand %3 503 e
15 ubois 980 345 B . Temple 9.3 50.0 75.1
160 éohnstown 97.6 94.9 96.4 768- 67 Waco 97.5 57.1 79.4
e Butlr 9256 100.3 9.0 769 Brownwood 98,0 496 76.3
L lew Castle 926 97.2 94.7 770 o gl 276 50.1 76.3
& Kittanning S i u7 10772 Houston 1000 704 86.8
164165 ,(E)rl!eCIty 92.6 9.9 936 772 \I;/:ntsviue 98.6 56.7 79.9
166 9.8 3. 7 arton 99.8 ! ;
167 Altoona 95.0 90? 8§§ ;;5 Galveston 97.6 ggg ;2;
168 gradford 95.9 93.1 347 773777 Beaumont 98.2 62.9 824 3
H Wellshon s 91.4 937 779 o 95.1 62.1 803
0171 : 6.7 91.0 94.2 Kiora 99.9 44.4 75.1
17 Harrisburg 98.0 93 d 780 Laredo 94.7 ; 2
73174 Chambersburg %1 o i 781782 San Antonio 95.0 e i 4
e Yor i o o 92. 783784 Corpus Chrst 976 5238 7o 3
aster A E E
~—— 4/ 883 786787 Mt | %1 204 o1 1
; , 1 ;
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