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1. BUILDING ABSTRACT

Project Overview:

MOUNT ST. MARY'S UNIVERSITY

STUDENT HOUSING PROJECT
16300 OLD EMITTSBURG ROAD
EMMITSBURG, MD 21747

Arcitecture:

Function: Student housing / Dormatory
Size: 60,000 SF / 3 Stories / 180 Beds

Estimated Cost: $10,800,000 Total /
$3,400,000 MEP

Dates of Construction: 2007 Completion Date

Delivery Method: GMP

Project Team:

Designed to create the appearance of a village

Comprised primarily of 4-bedroom suites, each
with a shared bathroom and living area

Small lounge area provided on each floor
Designed to. _échieve LEED Certification

Electrical System:

Owner: Mount St. Mary’s University
Architect: Ayers / Saint / Gross Architects
Construnction Manager: Gilbane _

Civil Engineer: Harris, Smariga, & Assoc., Inc.
Strl..'ll:t':t'ural Engineer: Keast & Hood Co.

MEP. Englneer Burdette, Koehler, Murphy,
I &Assoc, Inc.

Al

Mechanical System:

Stgppef:] ‘down to 208Y/120V, 3 phase, 4 wire
_outside the building |

(1) 1600v sw1tchboard feeding the building

Various 120V ﬂuorescaht_ wall washers,
ceiling-mounted pendants, and other
conventional downlighting

Emergency lighting on battery backup

Structural System:

VAV system utilizing energy recovery and
lectric heat

12MBH to 30MBH gecthermal heat pumps in
each individual suite

\
(3) 1050CFM energy recovery units
(1) 750CFM, 600MBH domestic water heater

1’ spread footings and 5" concrete slab on 6"
crushed stone

1 1/2" fibermesh concrete over 3/4” tounge
and groove flooring

Floors supported by wooden bearing stud walls
and wooden I-joists

Gabled roof made up of 2x6 wooden rafters

ERIK SHEARER

THE PENNSYLVANIA STATE UNIVERSITY
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ARCHITECTURAL ENGINEERING
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4. EXECUTIVE SUMMARY

The Mount St. Mary’s University began the design of this new student
housing project with a fixed budget and certain goals. One of those goals was for
the building to utilize sustainable systems in order to promote environmental
consciousness while at the same time assuring a comfortable and functional
building for the students who would reside there.

The following pages outline my analyses of this building with respect to
marrying possible “green” design approaches to the realistic aspects of the
university’s budget. I will be attempting to determine what building systems
have the potential to minimize life-cycle costs based on installation, maintenance,
equipment, and yearly energy usage costs, and hopefully based on these
analyses, I will be able to recommend the best possible sustainable building
approach in terms of cost efficiency.

My depth work will entail a detailed analysis of the current geothermal
system as well as a comparison to other conventional means of design for
thermal comfort. Breadth work will encompass the implementation of
photovoltaic panels for electrical energy generation, and an analysis will be
performed as to how each system will affect constructional decisions and costs.
Hopefully after completing all analyses, I will be able to specify with certainty
the limits of the proposed systems and their actual impacts on environmentally
conscious design.

Based on my previous studies of the new dormitory concluded last
semester , I feel that the designed system for this new student housing project is
probably one of the best possible based on the realistic budget of the project and
the desires of the university. This investigation is to be preformed as an exercise
in optimization, the goal of which being an attempt to determine a best possible
sustainable systems based on initial, operational, and life-cycle costs.
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5. PROJECT BACKGROUND

5.1. Design Objectives and Requirements

The Mount St. Mary’s University began this new student housing project
with a budget of approximately $10 Million, and their goal was to create a
sustainable, environmentally friendly dormitory to house their growing
population of students.

The vision for the project was to create an inviting dormitory consisting of
3- and 4-bedroom suites, each with their own living area and bathroom, as well
as ample lounge space in which students could congregate and study. Each of
these living units would have complete control over thermal comfort and
lighting, and mechanical equipment would be as inconspicuous as possible. The
building itself was to resemble a rural village, complementing the rest of the
campus without being overly obtrusive, and at the same time, it had to be large
enough to house approximately 200 students comfortably.

The university was also very interested in sustainable or “green”
technologies. They wanted to project an image of environmental consciousness
without taxing their budget too sorely or compromising the function of the
building. A large number of windows were desired to take advantage of natural
ventilation, and the university wanted to look into different options of
sustainable design, such as energy recovery and geothermal heating and cooling,
both of which were eventually adopted.
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5.2. LEED Green Design Analysis

Created by the U.S. Green Building Council (USGBC), the Leadership in
Energy and Environmental Design (LEED) rating system is considered to be the
“nationally accepted benchmark for the design, construction, and operation of
high performance green buildings.” Ultilization of the LEED system encourages

an environmentally friendly approach to building design, while at the same time
saving on building operating costs.

Four levels of LEED certification exist and are dependant upon the
number of credits a building receives under six different categories: Sustainable
Sites, Water Efficiency, Energy and Atmosphere, Materials and Resources,
Indoor Environmental Quality, and Innovation and Design Process. Receiving
between 26 and 32 credits allows a building to become Certified, 33 to 38 receive
a Silver rating, 39 to 51 will receive Gold, and 52 to 69 receive Platinum.

Those involved with the new student housing project at the Mount St.
Mary’s University were very interested in creating an efficient building that
would also demonstrate the university’s commitment to environmentally
conscious design practices. Because this housing project was entirely new
construction, a preliminary study of compliance to LEED-NC Version 2.2 was
undertaken. Although the university has chosen not to pursue a LEED
classification, the building would, in fact, have received a minimum of 26 credits
and been a candidate for basic certification. It could possibly have been designed
to receive a Silver rating if the university had pushed for certain credits, such as
Innovative Wastewater Technologies, Measurement and Verification, Outdoor
Air Delivery Monitoring, and Controllability of Systems.

Credits that would have been achieved due to mechanical systems are
largely from three of the six categories: Water Efficiency, Energy and
Atmosphere, and Indoor Environmental Quality. Requirements for Water Use
Reduction, Enhanced Refrigerant Management, and Thermal Comfort credits
were all designed into the building mechanical systems, and of the ten possible
Optimize Energy Performance credits, it was assumed that a minimum of three
could have been attained by the geothermal heat pump system. The entire
LEED-NC checklist as it was compiled in the initial preliminary analysis is
available in Appendix A of this report.
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5.3. Site Factors Influencing Design

One of the objectives of the new student housing project was for the final
design of the building to fit in with the style of the campus and project the image
of a rural village. The desired gabled roof allowed little space for a cooling tower
or the condensing units that are required in air source applications. The
university also disliked the idea of a “farm” of condensing units clustered
directly behind the building. The rural atmosphere of the campus forced the
university to look into other, less obvious approaches, and when the geothermal
system was suggested, they happily accepted this alternative. Geothermal wells
are invisible to the general public, and the system’s efficient ability to save on
energy usage made it even more attractive.

Also, the extremes of the temperature ranges in the summer and winter
months allowed energy recovery to be adopted by the university for the project.
Prior to the addition of the energy recovery units, the building design had been
relying entirely on natural ventilation to meet the building’s outdoor air
requirements. As another form of sustainable design, these units could replace
the exhaust fans with only a short period of payback while allowing a more
generous amount of ventilation air to be introduced into the building.
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5.4. Indoor and Outdoor Design Conditions

The indoor design conditions on this project were based on standard
summer and winter comfort levels for residential buildings. While each suite
will have its own thermostat, allowing students to regulate the temperature to

their own levels of comfort, the building was designed to maintain the setpoints

that are listed in Table 5.4.1 below:

Table 5.4.1: Indoor Design Conditions

DESIGN CONDITIONS SCHEDULE

Czcupied Haours nocoupied Hours
Room Deseription Summer Winter Wentilation Surmnaner Winter
DE{F)| % RH |DE (°F)| % RH (0A CFM| AC/he |DB (°F) | % EH | DE F) | % RH
Eesidential Suite 7h 1] 70 30 &0 1.0 gh 1] =13 a0
Labby 75 1] 70 30 &0 0.3 gh 1] A5 30
Lounge 7h 1] 70 30 &0 0.g gh 1] =13 a0
Small Lounge 75 1] 70 30 &0 1.0 gh 1] A5 30
Electrical Room / Hallwray | 75 1] Al a0 &0 R g5 &0 =1 a0

Outdoor design conditions were taken from Carrier’'s HAP for the city of
Hagerstown, Maryland. They are shown in Table 5.4.2 below:

Table 5.4.2: Outdoor Design Conditions

OUTDOOR DESIGN CONDITIONS
Dresign:
Dy Bulb Temp °F) | Wet Bulb Temp (°F)
Summer 94.0 7RO
Winter g.a0 L%
Ivlonthlsy:
Ivlax. DET | Min. DBT | Iax. WET | Min. WET
Jarmarsy Lk 258 4710 2833
February 40 320 k20 1.5
Ilarch ahi0 43.0 a1l 425
April 7R 3.0 ahi0 b2h
Ilayy g4 .3 625 o 623
June 910 a9.0 7an a6 .5
Jal+ 240 720 7R 635
Angust 9410 720 7R 6.5
SJeptember| §583 a6.5 720 ah.4
Oetober waan b&.0 a7 LR
Mowember 6 .G 46.5 a1l 46.3
Diecember ha 0 J4.0 k20 J3.5

10
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5.5. Energy Sources and Rates

The new student housing project at the Mount St. Mary’s University uses
electricity for most of its systems, making use of natural gas only for the
domestic hot water heater. Because the new student housing project is not yet
built, electric and natural gas rates were assumed comparable to those provided
by Baltimore Gas and Electric.

Electric rates were taken from the Large General Service schedule for Type
II-A Market priced service. The electric service rates were separated into
delivery service customer charge, demand charges, energy charges, and a
delivery service charge. The energy charges were divided into peak,
intermediate, and off-peak periods. Information pertaining to rating periods and
electrical utility rates may be found in respective Tables B.1 and B.2 of Appendix
B of this report.

Natural gas rates were taken from the General Service-C schedule, and
rates were separated into customer and delivery charges. The distribution
charge was broken down based on the amount of gas (therms) used in one
month. Information pertaining to natural gas rates may be found in Table B.3 of
Appendix B of this report.

There are no known incentives being offered that would influence energy
consumption or operational costs.

11
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5.6. Design Ventilation Requirements

The new student housing project at the Mount St. Mary’s University
utilizes a dedicated outdoor air system with energy recovery coupled with
natural ventilation. Three energy recovery units provide a constant flow of 50
CFM of outdoor air to each of the building’s heat pumps. It was determined by
previous analysis that natural ventilation from the windows alone would have
been sufficient to adequately ventilate the building to the approval of Standard
62.1-2004.

It was determined by the mechanical consultant on the project that should
natural ventilation alone be used, the building would be very negatively
pressurized as well as possibly being underventilated in the winter months when
windows would most often be closed. The energy recovery units were,
therefore, proposed as an alternative to simple exhaust fans. Due to the
University’s dedication to environmentally friendly design, they adopted the
plan, which would have initially supplied 100 CFM of ventilation air to each of
the heat pumps. The flow was cut back to 50 CFM due to cost restraints.

A building ventilation analysis was performed on the building’s
mechanical ventilation systems based on ASHRAE Standard 62.1-2004. The
results of that study may be seen in Table 5.6.1 below:

Table 5.6.1: Calculated vs. Design Ventilation Flow Rates

System Population (Oecupant | Uncorrected INominal Required |Actual Supplied
Iax Z, Wentilation Density |Diversity |Outdoor Intake| Cutside Air |Outside Air | Ventilation Air
Efficiency ({E.) iFs) 18] (o) [CFM] Y o) [CFM] | (¥ o) [CFIM] [CFM]
_______ ERU1 0.11 1 =] 0.87 1102 1161 1102 1050
_______ ERU.2 0.10 1 a4 0.79 1325 1431 1325 10580
ERU3 ______ 0.09 1 a7 1.00 90 1001 930 7a0
Total Building 3593 3417 2850

At first glance, it would appear that all three ERU’s are undersized and do
not meet the building’s ventilation requirements. However, one must keep in
mind the fact that natural ventilation alone would be sufficient under the
circumstances; the mechanical ventilation is only for supplemental and
pressurization purposes. Had cost not constrained the units from delivering 100
CFM to each of the pumps, the mechanical system alone would have far
exceeded the requirements listed in the Standard.

12
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5.7. Design Heating and Cooling Loads

In order to create a comparison of estimated heating and cooling loads to
those scheduled by the mechanical engineer, Carrier HAP was utilized to simulate
the new student housing project at the Mount St. Mary’s University. A brief summary
of calculated load results as compared to actual design data is provided in Table 5.7.1
below. Some inconsistencies between the numbers can be contributed to incorrect
estimates of schedules, lighting and electrical equipment power densities, and other
general conditions. The large difference in the cooling and heating loads may also be
contributed to the fact that the design data is based on the total rated capacity of the
building’s various geothermal heat pumps; the actual loads being seen by these units are
not described on the design documents and are probably less than their rated capacities.

Table 5.7.1: Calculated vs. Design Cooling and Heating Loads

Energy Usage Comparisons

Coaling Coaling Heating | Cooling | Heating

System | OWBM |71l (Tons)| Sensibie (Tons)| (Tons) | %Ton) | (A%Tom
ERLU-1 HA.F' 23.0 202 220 534 G54
Design 35.5 30.8 33.9 355 430
ERU- HA.F' 28.5 24.5 271 519 549
Design 41.4 33.1 36.3 426 454
ERU-3 HA.F' 19.6 17.0 19.8 bE2 B55
Design 31.3 236 256 414 505

13
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6. EXISTING MECHANICAL SYSTEMS
DESCRIPTION

The following are descriptions of the three main mechanical systems at the
new student housing project, as well as their respective components. The three
major systems analyzed are the geothermal heat pump system, the ventilation
system with energy recovery, and the domestic service water system. A brief
listing of abbreviations and symbols referenced in the following schematics is
provided in Figure 6.1 below:

Figure 6.1: Abbreviations and Symbols Used in Following Schematics

ABBREVIATIONS AND SYMBOLS
Cs CONDENSER WATER SUPPLY
CR CONDENSER WATER RETURN
OA OUTDOOR AIR
EA EXHAUST AIR
FD FIRE DAMPER
CW DOMESTIC COLD WATER
HW DOMESTIC HOT WATER
HWR DOMESTIC RECIRCULATED HOT WATER
RPBFP REDUCED PRESSURE BACK FLOW PREVENTER
e BALL VALVE
I BUTTERFLY VALVE

14
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6.1. Geothermal Heat Pump System

The new student housing project at the Mount St. Mary’s University utilizes a
geothermal heat pump system to both heat and cool the building. Originally designed
with 125 vertical wells, each 4 inches in diameter and 200 feet deep, the system has
recently been redesigned with 64 vertical wells, each 4 inches in diameter and 400 feet
deep. They are located around the front of the site and stem from a geothermal pipe
distribution vault located beneath the main courtyard of the building. From this vault,
the condenser water is distributed directly to the heat pumps located throughout the
building for either heating or cooling.

The condenser water returns to the building’s mechanical room, where it is sent
through an air separator, and it is approximately here that both the 160 gallon expansion
tank and the glycol tank are linked to the system. The water is then run through one of
two centrifugal pumps capable of moving 375 GPM and back out to the geothermal
vault for redistribution to the vertical wells.

Some of the benefits of this geothermal system, impacting first cost, maintenance
costs, and energy costs, are that it eliminates the need for chillers, boilers, and cooling
towers. Partially because of this, the heat pumps themselves are capable of achieving
higher coefficients of performance and energy efficiency ratings than conventional heat

pumps.
Figure 6.1.1: Geothermal Heat Pump System Schematic
TO GEOTHERMAL
HEAT PUMPS
GEOTHERMAL 6"CS & CR a “
VAULT ‘\
F—H— &k > i,
|J~ A =
—H— i}
AIR m :
SEPERATOR
i
n 1
TYPICAL i
' GEOTHERMAL ~4 lI—I’—
/ WELL ‘r 1%
/ 6 6
,-: ,-: CENTRIFUGAL CENTRIFUGAL GLYCOL EXPANSION
PUMP (STAND-BY) PUMP TANK TANK
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6.2. Ventilation System

The building’s ventilation system serves a supplemental function and is coupled
with natural ventilation. It consists of three energy recovery units located in the attic of
the building, which were incorporated into the system in place of exhaust fans in an
attempt to keep the building pressurized and to increase the amount of outdoor air
reaching the occupied spaces.

Exhaust air is pulled from bathrooms and mechanical rooms throughout the
building at a rate comparable to that of the ventilation air being brought in. These
energy recovery units utilize the wasted energy in the exhaust streams to pretreat the
ventilation air being brought into the building. Electric duct heaters may also be utilized
during winter months to raise the temperature of the air further. This air is then
supplied directly to the closets housing the individual heat pumps at a constant rate of
50 CFM, where it is mixed with recirculated air and conditioned further before being
supplied to the space.

Using energy recovery to pretreat the ventilation air saves a great deal of energy
later in the process of heating and cooling. During the extremes of the summer and
winter, pretreating the ventilation air can reduce the overall outdoor air load to as low
as 20% of what it would be without energy recovery.

Figure 6.2.1: Ventilation System with Energy Recovery Schematic

SUPPLY FAN =% /o EXHAUST FAN
.
2] OA ;@285@ EA D
Z ;g :ggmr)NAL 7% T D i
TYPICAL ENERGY
FD = FD B RECOVERY UNIT
— . ATTIC LEVEL
| S— | S—
| ~—— FROM ADDITIONAL
OA fik EXHAUST GRILLS
50 CFM
A= FD | FD =
—N —N THIRD FLOOR LEVEL
TYPICAL —r
HEAT PUMP -
= ¥
FROM ADDITIONAL
EXHAUST GRILLS

TO ADDITIONAL
UNITS
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6.3. Domestic Service Water System

The building’s incoming domestic service water is brought in through a reduced
pressure back flow preventer into the mechanical room in the basement. From there, the
water is split from a 4 inch pipe into 3 and 2 V2 inch pipes, the latter of which then feeds
into a 750 GPH domestic hot water heater connected to a 35 gallon expansion tank.
Bother the cold and hot water are then fed to all the various bathrooms, janitor’s closets,
and water fountains located throughout the building. The hot water is recirculated
through a 15 GPM in-line pump located in the mechanical room.

Figure 6.3.1: Domestic Water Service System Schematic

TO BUILDING
PLUMBING FIXTURES

Y

INCOMING SERVICE WATER

4"CW 3"CW
/

RPBFP 2} HW

1" i 7 f

13"HWR —¢
— IN-LINE
EXPANSION DOMESTIC HOT PUMP

TANK WATER HEATER
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7. MECHANICAL DEPTH WORK

7.1 Goals and Justification

I have decided to take the geothermal heat pump system under
consideration as the main depth topic of this investigation. While I would
defend this system as being the best form of heating and cooling under the
circumstances, the fact remains that such a system is very expensive, and as the
focus of this thesis is to be the sustainability of the building as a whole based on
overall first cost and life-cycle savings, a system with such a great first cost must
be analyzed to see if its benefits and life-cycle savings warrant its adoption.

There are three other potential types of systems which I would like to
compare against the geothermal system in terms of both system costs and total
building costs: conventional air-source split systems rejecting heat to condensing
heat pump units, water-source heat pumps rejecting heat to a cooling tower, and
a relatively new form of heating and cooling, variable refrigerant volume (VRV)
fancoil units, which also reject heat to condensing units.

The existing geothermal heat pump system consists of 58 water-source
heat pumps connected to a series of 64 closed vertical ground loops. The system
is unlike traditional water-source systems. The vertical loops reject heat to the
ground during the summer months, eliminating the need for a cooling tower or
other heat sink, and they extract warmth from the ground during the winter
months, eliminating the need for a boiler. Air-source applications also require
outdoor condensing units, which are unnecessary in this system.

While the system can be expensive to install, the vertical wells generally
costing anywhere from three to twelve dollars per installed lineal foot of piping,
they have the potential to have great savings over the lifetime of the system. In
most applications, water-source heat pumps perform more efficiently when
connected to a ground loop than to a building loop with a boiler and cooling
tower. Both geothermal and boiler/cooling tower systems utilize essentially the
same heat pumps, and at rated conditions, they will also have similar coefficients
of performance. However, boiler/cooling tower systems are generally designed
for temperatures between 60°F and 70°F, while geothermal systems are generally
able to operate at lower temperatures, which translates into greater heat pump
performance when operating in cooling mode. Because of this, great savings can
be achieved in commercial applications where the heat pumps are operating in

18
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cooling most of the time regardless of climate, resulting in significant hours of
part-load operation and much greater savings over boiler/cooling tower systems
(McQuay, 2006).

Coupled with the fact that energy consumed by the boiler and cooling
tower is not a factor in geothermal systems, this additional savings due to part
load cooling can allow a geothermal system to use up to 50% less energy than a
conventional boiler/cooling tower system (McQuay, 2006). The only piece of
mechanical equipment drawing power in a geothermal system is the pump,
which only uses slightly more energy than in a conventional system.
Maintenance costs are also greatly reduced due to the absence of the boiler and
cooling tower, and geothermal systems alleviate the need for additional items
like sump water heaters, cooling tower chemicals, and make-up water (McQuay,
2006).

Even very high efficiency direct expansion (DX) split systems cannot
usually match the performance of water-source heat pumps at cold
temperatures. Most units are rated between 40 and 50 degrees Fahrenheit, and
their level or performance in heating mode drops of significantly as the
temperature decreases (EERE, 2005). The first cost on a job like Mount St. Mary’s
may be very high also as each system requires separate machinery: an indoor
evaporator and an outdoor condensing heat pump unit. However, the air-source
system does not require the large pumps, cooling towers, or boilers that may be
necessary in water-source applications, which may bring its yearly energy usage
and first costs closer to that of the water-source systems.

VRV was introduced to me during my internship this summer, and it was
the opinion of several of the engineers there that such a system could have
definite benefits once it is better understood. It implements variable flow of
refrigerant to provide simultaneous heating and cooling and can also achieve far
greater lift than conventional systems (Daikin, 2006). During my investigation, I
will be looking at Daikin VRV units, as they appear to be the forerunners of this
particular form of technology.

The four systems listed above are all realistic alternatives that merit an
investigation into the cost benefits of their application on the Mount St. Mary’s
project. Careful determination of the locations of the heat rejection apparatus
would be necessary due to the aforementioned aesthetic requirements of the
building, but I feel that a detailed comparison of these systems will prove to be a
large deciding factor when the building is finally analyzed with regard to all
proposed systems. The poorer efficiencies of several of these systems might be
offset by their overall savings in the long run, and I feel that in the interest of

19
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implementing other sustainable forms of design, the prohibitive first cost of the
geothermal system might cause another choice to prove more favorable in this
new light. Carrier’s HAP will be used to perform the necessary calculations and
energy and cost analyses.

7.2. Case 1: Existing Geothermal System

The geothermal water-source heat pump system was opted for over a
more conventional boiler/cooling tower system by the Mount St. Mary’s
University chiefly due to its energy saving potential and value as a green system.
At the time still working towards a possible LEED rating, the university was also
opposed to the idea of a “farm” of condensing units or cooling towers taking up
space on the property, and the environmentally friendly geothermal design
seemed the best choice at the time.

I have since utilized Carrier’s HAP to model the building in its entirety as
accurately as possible, complete with the energy recovery and geothermal HVAC
systems. McQuay’s Enfinity Model FCW vertical heat pump units were specified
by the design documents, ranging between 1 and 2.5 tons. Design conditions
were input into the program as shown in Section 5.2 of this report, and energy
data was input as described in Section 5.3. All information pertaining to the
units as required input by HAP was taken from the design documents or Table
7.2.1 below, which details the heating and cooling capabilities of the heat pump
units. Additional information can be found in the cut sheets in Appendix D.

Table 7.2.1: Ground-Source Performance Data

McQuay Enfinity Model FCW - Ground-5ource Heat Pump
Unit Size | Airflow | Water Flow Cooling @ 77 °F Heating @ 32°F
iTons) (CFM) (M) BTk EEL BTU/h CoR
1.0 400 al 12,000 14.2 9,400 32
15 B30 Bz 21,400 16.2 14,800 35
2.0 a0o 549 24,500 151 18,400 3.6
25 1000 72 31,400 1e.9 24 500 35

Notice the high energy efficiency ratios when in cooling mode. This is
because of the fact that the system is capable of operating at a lower rated
temperature than conventional water-source applications due to the stable
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temperature conditions of the earth. At part load, the values above will increase
further.

After running the program, it was determined that the total annual
operating cost of the new dormitory is $115,002. Of that amount, $46,604 is
mechanical system costs, meaning that the building’s HVAC system totals
roughly 40% of the yearly operational costs. Figures?7.2.1 and 7.2.2 below
describe the percentage of annual component costs and the monthly component
cost totals, respectively.

Figure 7.2.1: Percentage of Annual Ground-Source Component Costs

5.0% Misc. Fuel Use

Air System Fans 20.7%
24.9% Electric Equipment

Cooling 9.8%

Heating 6.3%

Pumps 3.8% )
29.5% Lights

Figure 7.2.2: Monthly Ground-Source Component Cost Totals
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These results were very much in line with what I had been expecting.
Lighting and electrical equipment constituted 54.4% of the yearly costs, while
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cooling and heating loads were kept to lower percentages of 9.8% and 6.3%,
respectively. From the graph of the monthly loads, it can be seen that basic

electrical costs proved more expensive than cooling costs even in the hottest
months and more expensive than heating costs during the winter months.

7.3. Case 2: Water-Source Heat Pump System

The new dormitory was originally designed with a 1000 MBH boiler and a
cooling tower capable of handling 100 tons of cooling. This more traditional
approach to water-source heat pump systems would have been a good fit for the
building, saving on first costs and shortening the schedule of the project.

Working with the same HAP model used for the geothermal simulation, I
was able to alter the systems to conform to a boiler/cooling tower arrangement.
Information pertaining to the original boiler and cooling tower selections was
retrieved from the mechanical designer and input into the program. Since
McQuay’s Enfinity water-source heat pumps were specified for the geothermal
system, I modeled this new system using the Enfinity Model FCV, which is
basically the same heat pump used in the geothermal application but rated for
different operating conditions. Information required by HAP pertaining to these
units was input as shown in Table 7.3.1 below. Additional information can be
found in the cut sheets in Appendix D.

Table 7.3.1: Water-Source Performance Data

McQuay Enfinity Model FCV - W ater-Source Heat Pump
Unit Size | Airflow | Water Flow Cooling @ 36 °F Heating @ 63 °F
iTons) (CFM) (M) BTk EEL BTU/h CoR
1.0 400 al 11,200 121 15,200 4.3
15 B30 Bz 19,800 129 24,900 4.7
2.0 a0o 549 22,800 1a.0 30,200 4.7
25 1000 72 20,400 14.6 37,200 448

It can be seen in the performance data above that the coefficients of
performance of the water-source heat pumps are slightly higher than those of the
geothermal heat pumps, due to the higher rated temperatures achieved through
the use of a boiler. However, the building in question has higher yearly cooling
loads than heating loads, and it can be seen above that, when compared to the
energy efficiency ratios of the geothermal heat pumps, those of the water-source
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heat pumps are somewhat less efficient. Coupled with the additional costs of
running a boiler and cooling tower, I am expecting the yearly expenses of this
system to be a bit higher than the geothermal system.

After rerunning the program, it was found that now the total annual
operating cost of the dormitory would be $123,709. Of that amount, $55,340
would be mechanical system costs, and the building’s HVAC systems would
total roughly 45% of the yearly operational costs. Figures7.3.1 and 7.3.2 below
describe the percentage of annual component costs and the monthly component
cost totals, respectively.

Figure 7.3.1: Percentage of Annual Water-Source Component Costs
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Air System Fans 19.0%
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Figure 7.3.2: Monthly Water-Source Component Cost Totals
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Table 7.3.2 below shows a detailed breakdown of the annual costs of the
HVAC components and the savings possible by the geothermal system.

Table 7.3.2: Potential Savings of Geothermal over Water-Source

Air System Fans | Cooling | Heating | Pumps | Boiler |Cooling Tower Fans| Total
Water-Source $23.479 $18,580 56,717 $3,934 | $1,726 $904 $55.340
IGround-Source 123764 $11,202 | $7.225 $4,313 §0 %0 t46,604
Savings -$285 §7,278 -$508 -$379 $1,726 $904 $8,736

From this table, it quickly becomes apparent that there is very little
difference between the systems with regards to system fans. As expected, the
water-source pumps appear to be approximately 8% more efficient when
heating, and there is a slightly greater expense with the pumps for the
geothermal system, which can be explained do to the additional friction head
incurred by the ground loops. However, in cooling mode, the geothermal
system is almost 40% more efficient, and the costs of the boiler and cooling tower
amount to an additional $2,630 annually. Overall, the geothermal system is
predicted to save almost $9,000 annually, which translates to 16% of the total
yearly mechanical system costs.

7.4. Case 3: Air-Source DX Split Heat Pump System

A slightly less efficient alternative with a possibly high first cost would be
DX split systems utilizing air-source heat pump technology. As stated above,
even the most efficient of these systems cannot match the performance of a
water-source heat pump system under most circumstances; however, they have
no associated boiler, cooling tower, or pump costs. Because of this, they merit
further investigation.

Again altering my original HAP model, I this time selected air-source split
DX terminal units. I wanted to stay with McQuay as the previous two
simulations had used this manufacturer as the basis of design. For the
evaporators, I chose Model SAH air handlers ranging from 1.5 to 3.5 tons, and for
the condensing units, I selected Model HCC air-source heat pumps ranging from
1.5 to 2.5 tons. These units are considered high efficiency models by the
manufacturer, having SEER ratings of 12. Information required by HAP
pertaining to the evaporators and condensers are shown in Table 7.4.1 below.
Additional information can be found in the cut sheets in Appendix D.
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Table 7.4.1: Air-Source Performance Data

McQuay Air-Source DX Split He at Pumyp System (12 SEER)
Condenser (Evaporator Cooling @ 95 °F Heating @ 47 °F
Size (Tons) | Size (Tons) | BTUM EER BTUMh COF

15 15 16,000 11.0 17,000 2.0
25 17,000 12.0 18,000 25
2.0 2.0 21,100 115 22,000 2.0
s 25 24,800 11.3 27,000 2.0
35 27,400 12.0 29,400 3.3

This system is considered by McQuay to be a high efficiency system for its
type, and yet the efficiency ratings in both heating and cooling are less than those
of either of the water-source or ground-source systems. However, this system
will have no yearly costs associated with pumps, boilers, or cooling towers, so it
may prove competitive with one or both of the previous systems analyzed.

After rerunning the program, it was found that the total annual operating
cost of the dormitory using air-source units instead of water-source ones would
be $125,971. Of that amount, $57,299 would be mechanical system costs, and the
building’s HVAC systems would total roughly 46% of the yearly operational
costs. Figures7.4.1 and 7.4.2 below describe the percentage of annual component
costs and the monthly component cost totals, respectively.

Figure 7.4.1: Percentage of Annual Air-Source Component Costs

4.6% Misc. Fuel Use

Air System Fans 18.5%
22.8% Electric Equipment

Heating 11.4% 27.1% Lights
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Figure 7.4.2: Monthly Air-Source Component Cost Totals
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Table 7.4.2 below shows a detailed breakdown of the annual costs of the
HVAC components and the savings possible by the geothermal system.

Table 7.4.2: Potential Savings of Geothermal over Air-Source

Air System Fans| Cooling | Heating | Pumps | Boiler |Cooling TowerFans| Total
Air-Source $23,311 $19.686 | $14302 $0 $0 $0 $57,299
Ground-Source 423,764 $11,302 | %7225 %4313 $0 $0 $d6 604
Savings -$453 $8,384 $7.077 -$4,313 $0 $0 $10,695

Again, the system fans are approximately equivalent in terms of yearly
cost, and both systems have no boiler or cooling tower costs. The pumps in the
geothermal system add an additional $4,300 annually; however, the savings in

both heating and cooling costs greatly outweigh this cost. The geothermal

system is roughly 43% more efficient when cooling and 50% more efficient when

heating, allowing for an annual savings of almost $11,000.

What proves interesting are the yearly cost comparisons between the air-

source system and the conventional water-source system, which can be seen in
Table 7.4.3 below.
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Table 7.4.3: Potential Savings Comparisons of Water-Source and Air-Source

Adr System Fans | Cooling | Heating | Pumps | Boiler |Cooling Tower Fans| Total
Air-Source $23311 $19,686 | $14,302 $0 S0 $0 457,299
Water-Source $23,479 $18,580 | %$6,717 $3,934 | %1726 $904 $55,340
Savings -5168 $1.106 $7.585 -$3,934 | -$1.726 -$904 $1,959

Here the total annual costs are very close, and although a more efficient
system, the water-source system will potentially only save some $2,000 per year
over the air-source system. The greater efficiencies of the water-source system
showed that if no additional machinery were analyzed, it would save
approximately $9,000 yearly in combined heating and cooling costs; however,
between the pumps, the boiler, and the cooling tower, the air-source system
would gain back approximately $7,000 of that initial savings. The give and take
between the systems initially makes them both look equally viable, and if a
designer were attempting to choose between these two systems, the first costs of
the systems would play a major role, which is something that will be analyzed
later in this report.

7.5. Case 4: Variable Refrigerant Volume System

During the course of these system analyses, it was eventually determined
that an energy analysis of Daikin’s VRV system was beyond the abilities of the
modeling software available. As Carrier does not yet carry variable refrigerant
volume systems, HAP has not yet been implemented with the capability to
model VRV systems. According to a Daikin representative I spoke with, the
present method of effectively sizing such units for a particular building involves
using Daikin’s own patented software. The software is not available for private
use, and having the representative perform such an analysis on my building as a
purely hypothetical exercise was more than I was willing to ask. Therefore, I will
outline the merits of the system without the benefit of an energy analysis.

While gaining widespread notoriety overseas, VRV systems are still very
new and unknown to American engineers. Driven by a highly intelligent
inverter that controls the compressor, the condensing units are capable of being
modulated by the cooling or heating requirements of the zone. Working in heat
pump mode, a sing condensing unit can control up to 20 indoor terminal units at
loads of 16 combined cooling tons and 18 combined heating tons. The system is
able to then simultaneously heat and cool within the same circuit by diverting
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exhaust heat from indoor units in cooling mode to other areas which require
heating (Daikin, 2006).

According to the manufacturer the condensing units are much more
compact than conventional units and require minimal clearance space,
approximately 2 feet between units, allowing them to be clustered far more
tightly together. They are also require no structural reinforcement once installed
due to their lightweight and vibration-free construction, and they are capable of
achieving far greater lift than conventional systems: 165 feet of height difference,
490 feet of piping to the most distant indoor unit, and up to 1000 feet of total
piping length. The indoor terminal units come in a wide selection of styles for
different applications, ranging in capacities from 1 to 4 tons (Daikin, 2006).

At the new dormitory at the Mount St. Mary’s, an estimated five of the 16-
ton condensing units would be required to deal with the building’s 71 peak tons
of cooling and 69 peak tons of heating. Each condensing unit would be
responsible for approximately 12 of the building’s 58 terminal units, and could
be located in a cluster behind the building or hidden in the attic level, their
exhaust being vented outside alongside the exhaust from the energy recovery
units. The ideal terminal units to be used on this project would be concealed
vertical units, much the same size as the water-source heat pumps specified by
the design documents. While this type of terminal unit is not yet available in
America, the Daikin representative assured me that they are already in use in
Europe and should become available in the next few years.

Lacking the access to necessary programs, further analysis of a potential
VRV system at this site cannot be attempted. In present practice, if Daikin’s VRV
units were desired on a job, the mechanical engineer would work closely with a
Daikin representative to size the building systems as a whole, which is beyond
the scope of this thesis. Still, I feel that in a few years such technology could
work its way into common usage. VRV could have been very applicable on this
project, and it should seriously be considered by mechanical design consultants
on similar future jobs as feasible alternatives to conventional systems.
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7.6. Conclusions

Of the three systems modeled, the geothermal system proved to be the
most efficient and economic. A breakdown of the yearly savings possible by
each system as well as a comparison of yearly HVAC component costs can be
seen in Table 7.6.1 and Figure 7.6.1 below, respectively.

Table 7.6.1: Potential Yearly Savings of Compared Systems

HVAC System Components

Air System Fans| Cooling | Heating | Pumps Boiler |Cooling Tower Fans] Total
&ir-Source $23,311 $19.686 | $14,202 0 $0 $0 $57,299
WWater-Source $23.479 $18.580 56,717 53,934 51,726 $904 $56,340
Ground-Source $23,764 $11,302 | $7,225 $4,2132 0 $0 $de,604
Ground-Source savings over Air-Source: 510,695

round-Source savings over Water-Source: %8736

Water-Source savings over Air-Source: $1,959

Figure 7.6.1: Yearly HVAC Component Cost Comparisons
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On a basis of annual cost savings, the geothermal system would appear to
be the correct choice for this project. The graph in Figure 7.6.1 illustrates this
quite clearly, showing vast disparities between some of the component costs.
While VRV units could possibly prove even more efficient still, they must be left
in question as no available tool could be located to effectively model such a
system.

For a university concerned with green design, the high first cost of the
geothermal system could very well be shown as justified following the life-cycle
cost analysis which will be preformed later in this report. The annual savings
over time are very appealing, and should the geothermal system prove to be the
most overall cost-effective alternative, the Mount St. Mary’s University will end
up with not only an environmentally friendly heating and cooling system, but
also one that saves them money over the long term.
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8. ELECTRICAL BREADTH WORK

8.1. Goals and Justification

Because the Mount St. Mary’s University has shown such an interest in
environmentally friendly design, a photovoltaic system for energy generation
could also prove beneficial on this project. Photovoltaic (PV) modules would be
located at certain locations along the south-sloping roofs and could be used to
create electric energy, which could offset some of the building’s costs associated
with energy usage. Along with this as-yet undetermined amount of PV cells,
inverters would be required convert the solar generated DC power into utility
grade AC power, and from there, the AC power would be connected to the
building’s primary panelboard.

This arrangement would constitute a basic grid-tie system, in which the
building is still connected to the electrical utility company and will use electricity
from the grid as needed to compensate for the shortcomings of the photovoltaic
system. Should the photovoltaic system be designed to be capable of exceeding
the electrical demands of the building, the additional energy produced could
then be sold back to the electrical utility company. A schematic of a basic grid-tie
system can be seen in Figure 8.1.1 below.

Figure 8.1.1: Basic On-Grid Photovoltaic System
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It is more likely that a photovoltaic system designed for the new
dormitory at the Mount St. Mary’s will only be capable of offsetting energy costs;
however, most of the energy produced at this site would be during peak usage
hours. This means that some portion of the building’s energy costs would be
mitigated during the most expensive portion of the day.

This system is one with a very high first cost. The technologies involved
have not yet reached a point where there are as economically viable as other
more traditional methods. Photovoltaic systems are, however, very innovative
and sustainable, and many states will give incentives for their implementation.
All these factors must be taken into account, as well as the potential yearly
energy savings from the solar energy generation, in order to discover the
feasibility of implementing a photovoltaic system into the scope of this project.
In order to model this system, I will be utilizing RETScreen International’s
energy modeling software for photovoltaic systems.
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8.2. Photovoltaic System Analysis

The new dormitory at the Mount St. Mary’s University has roofs sloped at
30°, several of which are directly south facing or approximately so. In order to
achieve the greatest amount of energy generation from the proposed PV panels,
this south-facing orientation is greatly desired. A preliminary assessment of
usable roof area is shown in Figure 8.2.1 below. The areas in blue have an
azimuth of 0°, meaning they are directly south-facing, while the areas in red face
slightly to the southeast and have an azimuth of 30°.

Figure 8.2.1: Available Roof Area for Photovoltaic Panels

It was determined that there is 3255 ft? of available south-facing roof,
while the additional roof area facing southeast totals 1942 ft>. However, due to
the geometric shape of the PV panels and the triangular areas of the available
roof spaces, it must be determined exactly how many PV panels will most
effectively occupy the usable space.

Because this company is a principal supplier of solar technologies in the
Maryland area, I have chosen BP Solar’s high efficiency PV modules for the
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project. These model BP3160 panels consist of silicon nitride multicrystalline
silicone cells and are each capable of producing 160 watts of power for a
warranted life of 25 years. The dimensions of a single module are 62.8 inches by
31.1 inches, and based on this size, I was able to determine the maximum
number of PV panels that could realistically be used on the building’s roof.

The base case I will be looking at will be covering only the south facing
roof with panels, which can be seen in Figure 8.2.2 below.

Figure 8.2.2: Base Case PV Panel Roof Coverage

It was determined here that 155 panels could be placed on the south
facing roof in an aesthetically pleasing manner, which would account for 65% of
the available roof area.

The alternate case I will be examining will incorporate additional panels
to the southeast facing roof, which can be seen in figure 8.2.3 below.

Figure 8.2.3: Alternate Case PV Panel Roof Coverage
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This roof proved capable of holding an additional 112 panels and using
almost 80% of the available roof space. Even though these panels would not face
directly south, they would still receive a good deal of morning sunlight and are a
justifiable addition to this analysis.
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RETScreen required many conditions to be set in order to analyze the
photovoltaic systems. Solar data was estimated for Baltimore, Maryland as it
was the closest location with yearly solar data, the slope of the panels was set to
30°, an on-grid system was specified, and manufacturer’s data for BP 3160 solar
panels was selected. As stated above, 155 panels were specified at a solar
azimuth of 0° for the base case, and 267 panels at a modified azimuth of 12.5°,
based on the ratio of south-facing panels to southeast-facing panels, were
specified for the alternate case.

Cost inputs were determined by shopping around online for prevailing
prices of the equipment I selected to design my system around. Based on a price
of $800 dollars per panel as quoted from AdvancedEnergyOnline.com and an
initial assumption of a 25% reduction in the price of the panels due to buying in
large quantities, a cost of $3750/kW produced by the system was input into the
program. Similarly, an inverter cost of $764/kW was input based on a price of
$3820 per 5000 watt inverter from Xantrex.com. System installation was
assumed to be $1500 per installed kW, inverter repair or replacement was set at
25 years, and the module support structure was estimated to be $50/m?2. All
transportation costs were considered included in equipment costs, and
engineering, feasibility, and developmental expenses were ignored.

For financial inputs, the debt interest rate was estimated to be 6.5% over a
15 year payback period, the avoided cost of energy was estimated to be
$0.135/kWh based on the average yearly peak charges required by BG&E to
purchase electrical grid energy, and the discount rate was set at 5%. There were
also several state and federal grants and incentives that I found applied to my
building during the course of my research. Maryland has both a Solar Energy
Grant Program and a Clean Energy Incentives Act. The Solar Energy Grant
Program offers reimbursement of 20% of the installed cost of commercial
photovoltaic systems up to $5000. The Clean Energy Incentives Act offers state
income tax credits of 15% of the installed cost up to $2000 for all photovoltaic
systems. At present, the federal government is also offering solar energy tax
credits of 30% of the installed cost of a photovoltaic system (after other state
grants and incentives) through the end of the year 2008, by which time the new
dormitory at the Mount St. Mary’s University will be complete. These grants and
incentives have also been incorporated into the RETScreen program.

See Appendix F for a complete set of input for both the base and alternate
cases analyzed. The results of the simulation are displayed in Table 8.2.1 below.
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Table 8.2.1: Base and Alternate PV System Results

Case Iorminal kW Yearly Installed Grants & | First Cost |Annual Energy FPayback
Produced LIV h Cost Incentives | (Adjusted) Savings Period (Tears)
Base 24.80 33.79 $168,728 $55,519 $113,209 $4,562 282
Alternate 4272 E7.98 $287,894 $91,268 $196,626 §7.827 27.0

The grants and incentives offered by the state and federal governments
reduce the first costs of both systems by a sizable amount, approximately 32% in
each case. Still, the energy outputs of these systems are simply not good enough
to justify the implementation of a photovoltaic system.

In the base case, using all available south-facing roof space, the yearly
useful energy generated is 33.79 MWh. For comparison purposes, the yearly
energy required to operate the building with the geothermal system was
computed by HAP to be roughly 860 MWh. This base case photovoltaic system
would only produce about 4% of the building’s required energy requirement
yearly, allowing for $4,562 in annual energy savings and 28.2 years just for a
simple payback.

Similarly, in the alternate case with the addition of 112 southeast-facing
panels, the yearly useful energy generated rose to 57.98 MWh. This value would
account for almost 7% of the building’s yearly energy requirement, save $7,827
yearly, and would still have a simple payback as high as 27 years.

With payback periods of more than 25 years for each of the proposed
systems, a photovoltaic system is simply not worth incorporating into the scope
of this project. Acceptable length of time for a payback on an energy saving
system such as this is generally 7 years, and these systems far exceed that
number. Even with government incentives, photovoltaic technology is presently
just too expensive to manufacture and purchase. While the Mount St. Mary’s
University is very concerned about green design, they do not have the resources
to add such an expensive system to the building. With a tight budget to begin
with, they could never have been able to justify utilizing photovoltaic technology
simple to earn a few additional LEED credits.
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9. CONSTRUCTION MANAGEMENT
BREADTH WORK

9.1. Goals and Justification

In the Mechanical Depth section of this report, the annual costs associated
with energy consumption were determined, and the potential savings of the
geothermal system over conventional water-source and split air-source systems
was estimated. However, in order to truly ascertain which system is the most
cost effective, a life-cycle cost analysis must be performed.

This analysis is being included as breadth work due to the unique aspects
of the geothermal system that directly impact on the construction of the building.
The vertical wells incorporate an unusual phase to the excavation of the site and
the construction of the building, one that impacts on the construction schedule as
well. In order to perform an accurate life-cycle cost analysis, therefore, these
additional issues dealing with the excavation and installation of the geothermal
wells must be addressed along with equipment first costs and annual energy
consumption costs.

This breadth will also attempt to bring to light some of the other factors
that could require addressing when constructing a geothermal system. I spoke
with the project manager from Gilbane who is in charge of the construction of
the new dormitory at the Mount St. Mary’s University, and he was able to inform
me of some of the other issues he has already encountered at the site due to this
system. These issues will also be addressed below.

9.2. Cost Analyses and Comparisons

In order to get an accurate estimate of equipment, installation, and
overhead and profit costs, I consulted RS Means Mechanical Cost Data from 2007
for the majority of the components of each system. A comprehensive website
dedicated to geothermal heat pump systems was referenced to accurately
estimate vertical well excavation and installation costs at $5 per lineal foot and
materials costs at $1 per lineal foot. These values put the estimated cost of each
400 foot deep well at $2400, a cost which will have a great impact on the overall
life-cycle cost.
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A complete listing of system components and costs can be seen in
Appendix G, but Table 9.2.1 below shows an abbreviated listing of the first costs
associated with each of the systems.

Table 9.2.1: System First Costs

System Type Equipment Costs| Installation Costs| Overhead and Profit| Total Installed First Cost
Ground-Source Heat Pumps $121 575 $152 560 $22 540 296 B75
Water-Source Heat Pumps $130,050 §31 490 $28 985 £190 525

Air-Source Heat Pumps 104 675 $39,065 $30,160 $173.500

Based on the information listed above, it is immediately recognizable that
the geothermal system has a far greater installed first cost than the other two
systems. This can be attributed directly to the installation costs associated with
the vertical wells, causing the installation costs of the geothermal system to be
almost four times those of the air-source system and five times those of the
water-source system. Equipment costs of the ground-source system are actually
less than those of the water-source system because of the lack of a boiler and
cooling tower, and the air-source system proves to have the least equipment
costs because it does not need condenser water pumps either.

Coupling the above first costs with the annual energy consumption costs
earlier computed using HAP, the life-cycle costs of each system can be seen in
Table 9.2.2 below. A 25 year system life was used, and the discount rate was
estimated at 5%.

Table 9.2.2: System Life-cycle Costs

Ground-Source | Water-Source | Air-Source

Equipment First Costs F121 575 $130,050 $104 575

Installation Costs $162 A60 $31 490 $39 OBs

Cwerhead and Profit §22 540 §28 985 §30,160

Annual Energy Consurmption Costs $4b BO4 $55 340 57 293
Discount Rate 0.05 0.05 0.05
system Life (Years) 25 25 25

Life Cycle Cost]  $253509 | $970484 | $951 4G9

Based on this analysis, the geothermal heat pump system does prove that
it has the potential to be the most cost effective solution on this project over time.
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The system here is projected to save almost $17,000 over conventional water-
source and almost $28,000 over air-source in a time period of 25 years. However,
the initial first costs of the system proved to be a large hurdle to overcome. It
took roughly 17.5 years for the savings of the system to initially overtake air-
source and another 1.7 years to surpass water-source. Should the building in
question have been something other than a dormitory with a much shorter life
span, the savings possible with geothermal would never been seen.

Also, there are other considerations that must be addressed with a
geothermal system that could have been taken into account in an even more in-
depth analysis. The project manager in charge of seeing this dormitory built told
me that the scheduling and coordination on this project has been somewhat more
difficult than on more conventional systems. At present, at least one water line,
and perhaps additional underground utility lines, needs to be rerouted in order
to install the geothermal system.

An additional issue involves the installation of the wells themselves.
Because there was a concern that driving heavy machinery over the finished
wells might damage their integrity, the excavation for the 64 vertical loops can
not even commence until the framing for the building has been entirely
completed. Once begun, he estimated that his team should be able to complete
the exterior installation of the geothermal system in four to five weeks, averaging
a mere two wells per day. Then he would need an additional three weeks for
piping and connecting the system to the heat pumps. A complete schedule for
HVAC equipment is provided in Appendix H of this report. Because this
installation has been pushed back so far, the project may take longer to complete
than a more conventional system would, and temporary heating or cooling
equipment may need to be brought in and set up at an additional cost in order to
allow the laborers to work during certain periods of the year.

These additional matters would have needed to at least be considered
when selecting the correct system for this building. Still, since the geothermal
system requires far less maintenance than the other two systems and should be
operational much longer than the 25 years used in this study, the system will
continue to provide great savings year after year.
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10. CONCLUSIONS AND RECOMMENDATIONS

As I had initially surmised, the geothermal system currently being
installed at the new dormitory at the Mount St. Mary’s University proved to be
worth the additional mechanical design and upfront costs. Not only does the
system save thousands of dollars in energy usage costs annually, but in an
application such as this one where the building could potentially be in operation
for 50 years or longer, the life cycle savings are going to be substantial. Also,
should electricity rates increase dramatically in the coming years, the annual
savings over comparable systems will also increase in turn.

The analyses of the mechanical systems also offer a realistic comparison of
how air-source split DX heat pump systems, conventional boiler/cooling tower
water-source heat pump systems, and geothermal heat pump systems actually
perform from an energy usage perspective. The HAP model is able to show
which pieces of equipment actually draw the most power, and the effects of the
differing efficiencies between the heat pumps can clearly be distinguished from
the results. Because of this, the geothermal is seen to back up the claims of
energy savings made by proponents of the technology.

A photovoltaic system, on the other hand, would not be worth the cost of
its installation. With a payback period of roughly 27 years as a best case
scenario, the system is just too inefficient and costly upfront to warrant its
inclusion in such a project. The Mount St. Mary’s University may have been
willing to spend a little extra money initially on the geothermal system in order
to reap its potential benefits and promote environmentally friendly design, but
unless the technology becomes drastically less expensive in the future,
photovoltaic systems will continue to be difficult to justify on installations such
as this one.

Therefore, it is the recommendation of the author of this report that the
Mount St. Mary’s University would have the most success building this
dormitory if it merely keeps to its original plans and designs. The geothermal
system really is the best choice of those mechanical alternatives analyzed, and
the university has willingly accepted the inflated first costs in order to reap the
benefits later on. The finished system will save money over time, continue to
remain efficient where comparable systems would require maintenance or
overhauls, and allow the university to further its goal of fostering environmental
awareness through the application of green design.
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APPENDIX A — LEED CHECKLIST

b,

LEED-NC Version 2.2 Registered Project Checklist
kount St Many's University Student Housing Project

Sustainable Sites 14 Paints

Prereq 1 Construction Activity Pollution Prevention Reuired
1 Credit 1 Site Selection

Credt 2 Dewvelopment Density & Community Connectivity

Crect 3 Brownfield Redevelopment

Credit 4.1 Alternative Transportation, Public Transportation Access

Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Roorms

Credt 4.3 Alternative Transportation, Low-Emitting and Fuel-Efficient Yehicles

Credit 4.4 Alternative Transportation, Parking Capacity

| o | o | | | | -

Credit 5.1 Site Development, Protect or Restore Habitat

Credit 5.2 Site Development, Maximize Open Space

Credit 6.1 Stormwater Management, Quantity Control

Credit 6.2 Stormwater Management, Quality Control
Credt 7.1 Heat Island Effect, Mon-Roof

1| Credt?2 Heat Island Effect, Roof

1 Credit 8 Light Pollution Reduction

- o | | -

S U A U A

Water Efficiency 5 Paints

1 Creclit 1.1 Water Efficient Landscaping, Reduce by 50%
1 Credit 1.2 Water Efficient Landscaping, Mo Potable Use or Mo Irrigation

1| Credt2 Innovative Wastewater Technologies
1 Credit 3.1 Water Use Reduction, 20% Reduction
1| Credit 3.2 Water Use Reduction, 30% Reduction

- o s

Energy & Atmosphere 17 Paints

Y Prereq 1 Fundamental Commissioning of the Building Energy Systems Recuired
Y Prereq 2 Minimum Energy Performance Recjuired
Y Prereq 3 Fundimental Refrigerant Management Reguired
3| 1|6 Credt1 Optimize Energy Performance 1to10
3| Crecit2  On-Site Renewable Energy 1103

1| Credt3 Enhanced Commissioning 1

1 Credt 4 Enhanced Refrigerant Management 1
1| Credts Measurement & Verification 1

1| cCredté Green Power 1

continued. ..
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Tez ¥ Mo
v Prereq1  Storaye & Collection of Recyclables Reguired

1| Credi11 Building Reuse, Maintain 75% of Existing Walls, Floars & Roof
1| Credt1.2 Building Reuse, Maintain 100% of Existing YWalls, Floors & Roof

1
1
1| Credit 1.3 Building Reuse, Maintain 50% of Interiorr Non-Structural Elements 1
Credt 21 Construction Waste Management, Divert 50% from Disposal 1
1| Credt22 Construction Waste Management, Divert 75% from Disposal 1
1| credt31 Materials Reuse, 5% 1
1| Credt32 Materials Reuse, 10% 1
1
1
1
1
1
1

Credt 41 Recycled Content, 10% {post-consumer + ¥ post-industnal)

1| Credit42 Recycled Content, 20% (post-consumer + ¥ post-industrial)

Credit 51 Regional Materials, 10% Extracted, Processed & Manufactured Regionally

1| cCredi52 Regional Materials, 20% Extracted, Processed & Manufactured Regionally

1| Credt & Rapidly Renewable Materials
1| credt?  Certified Wood

Prereq 1 Minimum IAQ Performance Reqguired
Prereq 2 Environmental Tobacco Smoke (ETS) Control Required

Crect 1 Outdoor Air Delivery Monitoring

1| Credit2 Increased Ventilation

Credit 3.1 Construction IAQ Management Plan, During Construction

Credt 3.2 Construction I1AQ Management Plan, Before Occupancy
Credit 41 Low-Emitting Materials, Adhesives & Sealants

Credt 4.2 Low-Emitting Materials, Paints & Coatings

Credt 45 Low-Emitting Materials, Carpet Systems

Credit 4.4 Low-Emitting Materials, Composite Wood & Agrifiber Products
Credt 5 Indoor Chemical & Pollutant Source Control

Credt 61 Controllability of Systems, Lighting

Credit 6.2 Controllability of Systems, Thermal Comfort

Credit 71 Thermal Comfort, Design

Credit 7.2 Thermal Comfort, “erication

Credit 51 Daylight & Views, Daylight 75% of Spaces

Credit 8.2 Daylight & Views, “iews for 90% of Spaces

RN I RN A I

— =& % ok = k. R e R 3 —h

1 Credit 1.1 Innovation in Design: Education Pragram

1 Credt 1.2 Innovation in Design: O&M Materials

Credt 1.3 Innovation in Design: MNane

1| Credt14 Innovation in Design: Mone
1 Crecit 2 LEED™ Accredited Professional

- A

Project Totals (pre-certification estimates) 69 Paints

Certified 26-32 pointz  Silver 33-35 points  Gold 33-51 pointz  Platinum 52-589 poirts
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APPENDIX B - UTILITY INFORMATION

Table B.1: BG&E Rating Periods

Rating Periods
Summer:
Peak 10 AM to 8 FM on Weekdays
Intermediate |7 AM to 10 AM and SFPM to 11 PM on Weekdays
Dff-FPeak A1l Weekends and Holidays
Non-Surminer:
Peal FAM to 11 AM and 5P to 9 FM on Weekdays
Intermediate 11 AM to 5 FM on Weekdays
Off-Feal: &11 Weekends and Holidays

Table B.2: BG&E Electrical Utility Rates

Delivery Service Customer Charge: | £100.00,Month
Delivery Charges SR ey
{5134 Sumirer
Transmition Charge for Market-Priced Service: .93 0.93
Delivery Serwice: 267 267
Energy Charges Sumirer IJon-

T AR Surmmer

Generation Charge for Market-Friced Serwice:

Peak 15138 12236

Intermediate 11.835 10662

COff-FPeak 10.240 8646
Delivery Service Charge: 1.239 ¢/l h

Table B.3: BG&E Natural Gas Utility Rates
Matural Gas Utility Rates

Custorner Charge

$100.00/Month

Delivery Price
First 10,000 Therms:| 19.75 ¢/Therm
All Crrer: 948 ¢/Therm
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APPENDIX C - ADDITIONAL HAP OUTPUT

Table C.1: Annual Ground-Source Component Costs

Ground]|

Component (%)
Air System Fans 23,764
Cooling 11,302
Heating 7,225
Fumps 4,313
Cooling Tower Fans 0
HVAC Sub-Total 46,604

Lights 33,943
Electric Equipment 28,653
Misc. Electric 0
Misc. Fuel Use 5,802
Non-HVAC Sub-Total 68,398
Grand Total 115,002

Table C.2: Monthly Ground-Source HVAC Component Costs

Air System Fans Cooling Heating Pumps| Cooling Towers HVAC Total

Month (% (%) (%) (%) (%)
January 1,923 28 1.993 340 0 4.284
February 1,678 41 1453 309 0 3481
March 1,884 163 820 243 0 2,210
April 1.848 437 335 332 0 2,952
May 1,890] 996 94 343 0 3,323
June 2,194 2,138 5 402 0 4.739
July 2,235 2653 1 411 0 5,300
August 2,236 2,359 3 416 0 5,014
September 2,238 1.654 24 402 0 4318
October 1,932 602 195 M 0 3,070
November 1.818 203 700 332 0 3.053
December 1,887 27 1603 341 0 3,858
Total 23,764 11,302 7,225 4,313 0 46,604
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Table C.3: Annual Water-Source Component Costs

Water

Component ($)
Air System Fans 23,479
Coaling 20,306
Heating 6,717
Pumps 3,924
Cooling Tower Fans 904
HVAC Sub-Total 55,340

Lights 34,057
Electric Equipment 28,750
Misc. Electric 0
Misc. Fuel Use 5,562
Non-HVAC Sub-Total 68,370
Grand Total 123,709

Table C.4: Monthly Water-Source HVAC Component Costs

Air System Fans Cooling Heating Pumps| Cooling Towers HVAC Total

Month ($) (%) () (%) (%) (%)
January 1,894 30 1,523 309 1 4,057,
February 1,652 51 1,342 281 3 3,329
March 1.862 271 774 313 18 3,238
April 1,830 776 307 303 42 3,258
May 1,867 1,804 51 313 30 4,145
June 2,170 3,869 3 367 162 6,571
July 2,206 4,780 0 374 204 7564
August 2,212 4,268 2 380 1832 7.045
September 2,218 3,002 16 368 132 5,734
October 1.912 1,080 173 32 57 2,534
November 1,799 345 674 308 20 3,141
December 1,859 29 1,521 310 1 3,720
Total 23,479 20,306 6,717 3,934 904 55,340

47



Erik Shearer

Mount St. Mary’s Student Housing

Final Report

Mechanical Option

Table C.5: Annual Air-Source Component Costs

Air

Component ($)
Air System Fans 23,31
Coaoling 19,686
Heating 14,302
Fumps 0
Cooling Tower Fans 0
HVAC Sub-Total 57,299

Lights 34,092
Electric Equipment 28,779
Misc. Electric 0
Misc. Fuel Use 5,802
Non-HVAC Sub-Total 68,672
Grand Total 125,971

Table C.6: Monthly Air-Source HVAC Component Costs

Air System Fans Cooling Heating Pumps| Cooling Towers HVAC Total

Month (%) () (%) () (%) (3
January 1,880 g 4,140 0 0 6,028
February 1,639 17 2951 0 0 4607
Warch 1,838 152 1586 0 0 3,576
April 1,812 550 608 0 0 2,970
Iay 1,855 1564 170 0 0 3,569
June 2,162 3,048 " 0 0 6,121
July 2,196 4,974 1 0 0 TN
August 2,206 4.407 6 0 0 6,619
September 2,206 2,897 45 0 0 5.148
Cctober 1,897 900 336 0 0 3,135
November 1,778 261 1266 0 0 3,305
December 1.842 7 3181 0 0 5,030
Total 23,311 19,686 14,302 0 0 57,299
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APPENDIX D - MECHANICAL CUT SHEETS

Catalog

McQuay Enfinity” Horizontal & Vertical
Water Source Heat Pump - 1/2 to 5 Ton

Model CCH & CCW Ceiling Concealed — Size 019-060
Model FCV & FCW Vertical Floor - Size 007-060

McQuay
| Airconditioning

49



Erik Shearer Mount St. Mary’s Student Housing Mechanical Option
Final Report

Enfinity Vertical ISO Performance Data - Water Loop

Water Loop Performance Data per ISO Standard 13256-1.

UNIT SIZE AIRFLOW WATERFLOW VOLTAGE COOLING HEATING

CFM Ls GPM LIS BTUHR | WATTS | EER | COP | BTUWHR | WATTS | COP
115-1-60
007 230 108 1.4 0.08 208/230-1-680 6200 1815 12.2 a8 8000 2342 4.3
265-1-60
115-1-60
009 300 142 22 0.14 208/230-1-60 8500 2489 11.8 35 11600 33g7 4.3
265-1-60
115-1-60
0z 400 189 31 0.20 208/230-1-60 11200 3279 121 36 15200 4451 4.3
265-1-60
208/230-1-60
265-1-60
208/230-1-60
265-1-60
024 800 s 59 0.37 308/230-3-60 22600 BETE 13.0 38 30200 8843 47
460-3-60
208/230-1-60
030 1000 472 7.2 0.45 265-1-60 30400 8901 14.6 4.3 37200 10893 4.8
208/230-3-60
460-3-60
208/230-1-60
036 1200 556 88 0.56 208/230-3-60 35700 10453 15.1 4.4 43800 12825 49
460-3-60
208/230-1-60
208/230-3-60
042 1400 661 10.7 0.68 460360 41000 12005 15.1 d4.4 51800 15187 49
575-3-60
208/230-1-60
208/230-3-60
460-3-60
575-3-60
208/230-1-60
208/230-3-60
460-3-60
575-3-60

019 630 207 52 033 18800 5708 13.9 4.1 24800 7291 47

45700 13381 138 4.0 56800 16661 45

60100 17598 139 4.1 T4300 21756 4.7

Mates
EER = Energy Efficiency Ratio GOP = Coefficient of Performance Lis = Liters per second

Cooling capacity is based on 80 .6°F db, 66 2°F wb (27/18°C) entering air temperature and B6°F {30°C) entering water temperature
Heating capacity is based on 88°F (20°C) entering air temperature and 68°F {20°C) enlering water temperature

Catalog 1100 McQuay Enfinity Water Source Heat Pumps 53
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Enfinity Vertical ISO Performance Data - Ground Loop

Ground Loop Performance Data per I1SO Standard 13256-1.

AIRFLOW WATERFLOW COOLING

UNIT SIZE VOLTAGE

HEATING

CFM us GPM us BTUHR | WATTS EER

COP

BTUWHR

WATTS COP

115-1-60
007 230 108 14 008 | 208/230-1-60 | 6600 | 1833 4.2
265-1-60

42

1464 31

115-1-60
009 300 142 22 014 | 208/230-160 | 9100 | 2685 13.8

265-1-60

4.0

7400

2167 33

115-1-60
012 400 189 a1 0.20 208/230-1-60 | 12000 | 3514 14.2

265-1-60

4.1

8400

208/230-1-60

018 630 297 5.2 0.33
265-1-60

21400 6266 16.2

4.7

14800

4334 35

208/230-1-60

024 800 e 59 0.37 265-1-60 24500 7174 15.1
208/230-3-60

460-3-60

4.4

18400

5388 38

208/230-1-60
265-1-60

208/230-3-60
460-3-60

31400 9184 16.9

50

24500

7174 35

208/230-1-60
036 1200 566 88 05 | 208/230-3-60 | 26900 | 10805 | 17.4

460-3-60

29200

8550 a7

208/230-1-80

208/230-3-60
460-3-60
575-3-60

42700 12503 176

52

33500

5926 37

208/230-160
2081230-3.60
048 1600 756 11 0.7 AT900 14026 16.1

# # 460360

575-3-60

4.7

36700

10746 33

208/230-1-60

208/230-3-60
460-3-60
575-3-60

B1300 17949 16.0

4.7

45200

14113 35

Nates:
EER = Energy Efficiency Ratio COP = Coefficient of Performance LIS = Liters per second

Healing capacity is based on 68°F (20°C) entering air temperature and 32°F (0°C) entering water temperature

Coaoling capacity is based on 80.6°F db, 66.2°F whb (27/19°C) entering air temperature and 77°F (25°C) entering water lemperature

54 McQuay Enfinity Water Source Heat Pumps

Catalog 1100

51




Erik Shearer Mount St. Mary’s Student Housing Mechanical Option

Final Report
Fan Performance
Enfinity Vertical Units (007 - 060)
(includes allowance for dry coil and filter)
Size Speed 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75
o007 “High 310 300 300 290 280 270 250 240 230 210 190 170 140 -
003 | High | 460 450 440 430 420 410 400 360 360 340 320 310 280
012 Low 370 360 350 340 330 320 310 290 270 250 220 - - -
012 | High | 480 470 450 440 420 410 390 380 360 30 10 250 240 -
(k] “Low 1020 1000 990 980 960 240 920 200 BT 340 00 750 B70 500
018 High 1220 1200 1180 1160 1130 1110 1070 1040 1010 70 330 880 810 730
024 Low 1030 1020 | 1000 660 950 530 900 | 880 850 10 70 ] 670 620 |
024 | High | 1180 | 1160 | 1130 | 1100 | 1080 | 1030 | 1000 | 970 540 800 860 820 760 700
030 Low - - - 880 870 aro 850 240 20 800 8ao 850 a10 750
030 “High 1230 1220 1220 1210 1200 1180 1170 1140 1120 1100 1060 1020 880 830
036 Low = - 1230 | 1210 | 1200 | 1180 | 1160 | 1140 | 1110 | 1080 | 1080 | 1010 950 =
036 “High 1510 1500 1480 1480 1470 1440 1400 1360 1320 1270 1220 170 1110 1050
042 Low - - - - - - - - - - - - - -
— 042 “High 2150 2140 2120 2080 | 2080 | 2010 1650 1880 1830 1700 1440 1220 1100 -
D48 “Low - - - - 1990 1970 1930 1880 1630 1770 1700 1550 1280 -
" 048 High | 2300 | 2350 | 2300 | 2260 | 2220 | 2190 | 2160 | 2110 | 2040 | 1970 | 1880 | 1790 | 1700 | 1860
D60 Low — - - - 2000 1900 16980 1870 1930 1880 1830 1730 1480 -
060 | High | 2530 | 2520 | 2510 | 2490 | 2460 | 2430 | 2400 | 2060 | 2310 | 2250 | 2170 | 2090 | 1960 | 1840
Low Static Motor - Sizes 019 - 024
Size | Speed | 0.10 0.15 0.20 0.25 030 | 035 | 040 0.45 0.50 0.55 060 | 065 | 070 0.75
19 Low | 690 570 650 520 500 570 550 510 P P e e . s
19 High a10 800 BBO B4l 810 780 T40 70 B70 610 550 - - -
24 Low 650 570 650 520 500 570 550 510 - - - - - -
2 “High | 810 890 860 840 810 780 740 710 670 610 550 - - -

“Above fan selections are as wired from the factory.

For wet coil. calculate face velocity (cfm/ coil face area, sq. ft.). Add the following static to the external static pressure for the correspending
face velocity: 300 fom = 0.05%, 400 fom = 0.10%, 500 fpm = 0.14". Re-enter table at the increased external static pressure to determine

final cfm,
Physical Data
Unit Size 007 008 012 019 024

Fan Wheel - D x W (In.) 6.3x6.0 6.3x6.0 B2x74 9.5x7.1 895x71
Fan Motor Horsepower 1120 118 118 113 113
Coil Face Area (Sq. FL) a7 147 147 2.75 2.75
Coil Rows. 3 3 3 3 3
Refrigerant Charge (Oz.) 14.3 17 18 a3 a7
Filter, (Qty.) Size (In.) (1) 12x%20 2222
Water C: i Female NPT (In.) 12 112 112 112 12
Condensate Connections, Female NPT (in.) 374 3/4 304 34 34
Weight, Operate (Lbs.) 13 13 13 213 213

|__Weight. Shipping (Lbs.) 135 135 135 232 232

Unit Size 030 036 042 043 060

Fan Wheel - D x W {in.) 9.5x7.1 9.5x7.1 129x11.1 | 129%11.1 12.9%11.1
Fan Motor Horsepower 113 12 112 314 34
Coil Face Area (Sq. Ft.) 3.5 3.5 4.42 4.42 6.63
Coil Rows 3 3 3 3 3
Refrigerant Charge (Oz ) 43 45 57 51 78
Filter, (Qty.) Size (In.) (1) 24 x 24 (1) 24 x 30 (2)17.5 x 30.25|
Water Connections. Female NPT (In.) 304 34 /4 304 304
Condensate Connections, Female NPT (in.) 34 34 /4 34 3i4
Weight, Operate (Lbs.) 224 224 310 310 384
Weight, Shipping (Lbs.) 243 243 3 3 403

Catalog 1100 McQuay Enfinity Water Source Heat Pumps 79
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Dimensional Data - Vertical Size 019 & 024

Right Hand and Left Hand Return

Right and Left Hand Return determined by facing the water connection side of the unit.

Top View - Right Hand Top View - Left Hand
—r——. . [
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£ g I P K
1 =yt I e I” i
[ f i 130 130" ; | L ]
A B 187" -
J— c o 2w | /i) | g . R 9\ 21 o e
3 _'\ ¥ L 9\ n | c - l 27 ] — /_" 34"
t ] VAR | FroN [ L‘l f
Il Retum  Vater —— Weter i -
1" Line Voltage Supply Supply Low Voltage 1

718" (22mm) Hole 718" (22mm) Hole

Return Air Duct Collar / Filter Rack

Standard 1"
UNIT SIZE E F G H
22" 21,7 1, '
088024 | igeomm) | (s40mm) | (43mm) (27mm)
Optional 2"
UNIT SIZE E F G H
22" 20 1y 1
019 & 024 (559mm) {S40mm) (43mm) (25mm)
Catalog 1100 McQuay Enfinity Water Source Heat Pumps 81
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AHP 12 SEER High Efficiency Split System Heat Pump
1-1/2 to 5 Ton
[5.28 kW to 17.56 kW]

Outdoor split system heat pump section is designed for
ground-level or rooftop mounting application.

Standard Features
« High-efficiency compressor with internal high-
pressure relief
« Louvered guard protects coil from damage and adds
strength to unit
Copper tube, aluminum fin coil
Brass suction and liquid service valves with sweat
connections
Quiet operating top discharge
Totally enclosed, permanently lubricated condenser
motor
Fully charged for 15' [4.57m] of tubing length
Discharge line muffler
Low-pressure control for loss of charge protection
Factory-installed bi-flow liquid line filter drier
Suction line accumulator
Check-flowrater expansion device
Time-initiated, temperature-terminate defrost
Bottom pan rails elevate unit above slab
« Crankcase heater (where indicated)
Air Handler Compatibilities
« SAH multi-position electric heat air handlers c
Cabinet Construction Lis1e0¥q Liseo®
+ Polyester powder paint provides superior durability
and improved UV protection
« Heavy gauge, zinc-clad, G20 galvanized steel
« When properly anchored, meets the 2001 Florida
Building Code unit integrity requirements for
hurricane-type winds
Accessories
« Standard room thermostat with 1-stage cool/2-stage
heat (Model HPT18-60)
« Digital room thermostat with 1-stage cool/2-stage
heat (CHTP18-60H)
« Outdoor lock-out thermostats (OTEHR18-6)
« Outdoor thermostat (OT18-60). Required for all heat
pumps if outdoor ambient temperature is 0° F with
50% or higher RH

Model Nomenclature
AHP 018 A RB Y

Mode| —7M8 L Future Use

AHP = Air-Cooled Heat Pump SEER

MNominal Capacity (tons) B=12

;3 = ;-1;2 Voltage/Phase
30=2112 R = 208-230/1/60
36=3

42=3112

48=4 Y Vlintage

60=5
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Physical Data
Model Liquid Connection Suction Connection Type Appmx.‘Engrlng wt.
AHPO1BARBY 38" (9.5 mm)] 34" [19 mm)] Sweat 127 [57.6 kg]
AHPO24ARBY 3/8" (9.5 mm) 304" [19 mm) Sweat 147 [66.7 kg)
AHPO30ARBY 3/8" [9.5 mm] 344" [19 mm] Sweat 142 [64.4 kg]
AHPO3EARBY 378" [9.5 mm] 374" [19 mm] Sweat 152 [68.9 kg)
AHPO42ZARBY 378" [9.5 mm] 718" [22.2 mm] Sweat 162 [73.5 kg)
AHPO48ARBY 378" [9.5 mm] 718" [22.2 mm)] Sweat 178 [80.7 kg)
AHPOBDARBY 38" [9.5 mm)] 78" [22.2 mm] Sweat 182 [B2.6 kg]
Dimensions
e .
Small Chassis =23" (58 cm) Small Chassis =23" (58 cm)
Medium Chassis = 29" (73 cm) Medium Chassis = 28" (73 cm)
- *
A - size 18= 325" (82 cm]‘{ g?:sllsis
l._ [T et |[.[ Size 24-30 = 25" (63 cm)*
il Il sze2eia= 215 @ ey
i il size 36= 30 @6 ey Medi
N I} Size4240=375 (05 cmyr { Medium
i g ] Size 60 = 40" (102 cm)*
(il il .
il | il
1|
y 7 v . . .
1-1/8° (28.5 mm) Dia. Power -~ | # *Additional 1-1/2" (36.1 mm)
748" (22.2 mm) Dia. Control / Ny Elevated Channel Formed
Into Bottom Pan
Liquid Connection Suction Connection
Electrical Data
+ Minimum | * Maxi Comp: [+ Fan
Model Volts PH HZ Circuit O
Ampacity | Protection | VO® Volte RLA LRA FLA HP
+ AHPO1BARBY 208/230 1 60 "y 20 197 253 a6 459.0 [15:] 116
+ AHPOZ4ARBY 208/230 1 &0 132 20 197 253 8.8 56.0 08 118
** AHPOIDARBY 208/230 1 80 12.0 30 197 253 135 725 11 18
** AHPO3BARBY | 208/230 1 80 183 30 197 253 147 83.0 0.9 176
** AHPO42ARBY | 208/230 1 80 248 40 197 253 184 5.0 i8 174
** AHPO4BARBY 208/230 1 &0 247 40 197 253 183 109.0 18 14
** AHPOBDARBY 208/230 1 60 338 50 197 253 25.0 148.0 25 13
1 With Crankcase Heat

* May use fuses or HACR type Circuit Breakers of the same size as noted

**With Seroll Compressor

+ Wire size should be determined in accordance with National Electrical Codes; extensive wing runs will réquing 1arger wire sizes
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Performance Ratings
Cooling Heating
Outdoor Section| Indoor Section | 144a) BTUH @ 75° F/ 63° F
Model Model Sensible .95 F (2 BTUH | COP | BTUH | coOP Decibels
BTUH | “gryy AL SEER |EER(3)| g7op | 47°F | 47°F | 47°¢ | HEPF
(U] Total | Sensible
SAHO1BARFY | 17000 | 12700 | 16000 | 12200 | 11.00 | 10.00 | 17000 | 3.00 | 9400 | 200 | 7.00
AHPO1BARBY | SAHO32ARFY 72
18000 14200 17000 13700 12.00 11.00 18000 3.50 10000 220 7.50
SAHO3ZARTY
SAHOZAARFY
22400 16800 21100 16400 11.50 10.50 | 22000 3.00 12100 220 7.00
SAHOZ4ARTY
SAHO3ZARFY
AHPOZ4ARBY 23000 | 18000 | 21700 | 17400 | 1200 | 11.00 | 23000 | 3.30 | 13600 | 260 | 7.80 73
SAHO3ZARTY
SAHO4ZARFY
23000 | 18000 | 21700 | 17400 | 1200 | 11.00 | 23000 | 3.30 | 13600 | 260 | 7.80
SAHMMZARTY
SAHO30ARFY | 27200 | 20400 | 24800 | 19100 | 11.30 | 1050 | 27000 | 3.00 | 14600 | 220 | 7.00
SAHDIZARFY
20000 | 21600 | 27400 | 20700 | 1200 | 11.00 | 29400 | 330 | 17000 | 240 | 7.50
AHPO30ARBY | SAHO32ARTY B0
SAHO4ZARFY
20000 | 21600 | 27400 | 20700 | 1200 | 11.00 | 29400 | 330 | 17000 | 240 | 7.50
SAHD4ZARTY
SAHOIBARFY
33000 23800 31150 24500 11.30 10.30 33000 3.20 18000 210 7.50
SAHOIBARTY
AHPOIBARBY 8o
SAHO42ARFY
34000 | 24500 | 32100 | 23300 | 1200 | 11.00 | 35000 | 350 | 20000 | 230 | 7.80
SAHO4ZARTY
SAHO42ARFY
38500 | 27600 | 38200 | 29300 | 11.30 | 10.30 | 38500 | 330 | 21000 | 210 | 7.50
SAHO42ARTY
AHPO42ARBY 80
SAHO49ARFY
40000 | 30400 | 37800 | 29300 | 1200 | 11.00 | 40000 | 3.50 | 22400 | 230 | 8.00
SAHO49ARTY
SAHO4BARFY 44000 32500 41500 31000 11.50 10.50 | 44000 330 24000 220 7.50
SAHO48ARFY
44000 | 32500 | 41500 | 31000 | 1200 | 11.00 | 45000 | 3.50 | 25000 | 230 | 8.00
AHPO4BARBY SAHOMSARTY ao
SAHOB1ARFY
46000 | 35000 | 43400 | 33600 | 1200 | 11.00 | 46000 | 380 | 27000 | 240 | 8.00
SAHDS1ARTY
SAHOGOARFY | 55000 | 39600 | 51900 | 37000 | 11.30 | 10.30 | 55000 | 3.20 | 30000 | 210 | 7.50
AHPOSOARBY | SAHOS1ARFY 80
56000 40300 52600 37700 12.00 11.00 56000 3.30 31000 230 8.00
SAHOSTARTY

HEPF = heating seasonal performance factor,

When mix matching outdoor and indoor units, the indoer unit check-flowrater must match the outdoor unit size.
See "SAH unit for coil instructions.

1) Centified per AR| 240 @ BI°FIETF inside - 95°F

2) TVA Rating

3) Energy Efficiency Ratio @ BIPFIS7F inside - 05°F
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1-1/2 to 5 Ton

Multi-position air handler may be installed in any room
with sufficient ventilation and room for service, such as in
a utility room, closet, alcove, or basement.

Standard Features

Multi-position (upflow/horizontal or downflow) air
handler

Built-in filter rack for 1" filter (filter not included)

Direct-drive, multi-speed motor allows air volume
variation for heating/cooling requirements

Equipped with a check flowrater for cooling only and
heat pump applications

Built-in coil with horizontal and vertical thermoplastic
drain pans and secondary drains

Copper tubefaluminum fin coil

-

Power supply entry on top and from both sides
« Low-voltage entry on top and from both sides
« Transformer and blower time delay on all units

Cabinet Construction

« Fully insulated steel cabinet

« Rust-resistant, galvanized cabinet sides and back
Accessories

« Pre-tested, pre-wired, field-installed electric heat kits
in 5 kW to 20 kW are available (single-phase
models); 15 kW and 20kW (3-phase models);
featuring electric heat limit control, rust-resistant
nickel chromium heating elements and circuit
breakers (select models)
Permanent washable plastic air filters (FIL18-32,
FIL36-42 and FIL48-61)
Thermal Expansion Valve Kits for air conditioning-
only applications
Coil Insulation Kit for downflow applications (DPI 18-
30, DPI 36-42, DP| 48-61)

Horizontal drain pan insulation kits (DPIH 18-32,
DPIH-36-42, DPIH 48-61)

Model Nomenclature

Split Air Handler

Nominal Capacity (tons)
18=112
24=2
30=2-112
32=21/2
36=3

42 =312
48=4
49=4
60=5
61=5

SAH Multi-Position Air Handler with Flowrater

LigTed¥ g

L1STED ®

SAH 024 AR FY

Future Use

Refrigerant Metering
F = Flowrater

Voltage/Phase
R = 208-230/1/60

Vintage
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Electrical Data
Single Supply Circuit Blower Mator
Maximum
Maodel Minimum Glrult Overcurrent Minimum VAC Maximum VAC
Ampacity @ Protection @ FLA HP
2081240V 2081240V {amps)
SAHO18ARFY 1212 1515 187 253 0.96 15
SAHDZ4ARFY 1918 1515 187 253 15 15
SAHO30ARFY 24124 1515 1897 253 1.95 173
SAHD3IZARFY 24124 1515 187 253 185 13
SAHO3IBARFY 2727 1515 197 253 2.15 13
SAF04ZAREY TEEE 1815 97 753 77 72
SAHD4BARFY 33133 1515 197 253 26 1m2
SAHOASARFY 3333 1515 157 253 76 72
SAHOGOARFY 3045 1515 157 753 35 L)
SAFOGTAREY EEIE] T515 a7 753 EE] 7
Physical Data
Coll Drain " " Approximate
Model Blower Connection Refrigerant Connection pping Weight
Diameter Width FPT Liquid Suction (pounds)
SAFOTEAREY T G T G EE 105
SAHD24ARFY 91 -3 a7 3l 347 108
SAHO3I0ARFY 91/ 3 a4 £ 347 1n3
SAHO3ZARFY G172 5 3 EL EL 120
SAHD3BARFY 912" 8 a4 £ 347 141
SAHDA2ARFY (SR 5 LS G Ky a4
SAHOABARF Y ERlES F 34 ECH 75 173
SAHOAGARFY ESLS B3 L3 EG TR 178
SAHOBOARFY 0578 0578 EC§ EG TE ]
SAHOG1ARFY 10508 1058 L3 K T8 201
Blower Performance
CFM Delivered Against External Static Pressure
Model Speed [(XH 0.2" 03" 04" 0.5
HIGH 700 530 580 530 390
SAHDIBARFY LOW 674 500 545 490 380
HIGH 1056 1020 980 920 aro
SAHO24AREY LOW 935 910 880 850 790
HIGH 1150 Ti0 1040 380 520
SAHOIDARFY Low 1060 1040 980 810 as0
HIGH 1150 1080 1020 950 500
SAHO32ARFY MEDIUM 870 830 790 750 710
Low 640 610 570 530 490
HIGH 1529 1470 1420 1360 1250
SAHOIEARFY LOW 1322 1310 1280 1320 1150
HIGH 1586 1530 1470 1410 1350
SAHO4ZARFY Low 1524 1480 1420 1367 175
HIGH 1670 1610 1530 1470 1390
SAHD4BARFY LOW 1580 1520 1470 1410 1340
HIGH 1670 1610 1530 1470 1390
SAHDAGARFY LOW 1580 1520 1470 1410 1340
HIGH 3170 2080 2000 1920 1850
SAHOGDARFY Low 1800 1810 1780 1710 1630
HIGH 2170 2080 2000 1820 1850
SAHOIARFY Low 1900 1810 1780 1710 1630
Dy coil with Filter in Place
SCFM Cormection for Wet Coil - 4%
3
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Dimensions
- D B -
1| | C ) 1" - —pa— 11" -— 1"
PLASTIC BREAKER COVER “‘I
T /_  —
. @/— LOGO LOCATION .
325" —» = -] A
5 ’* ‘ | SUCTION LINE
I \ . .
— @ | o
‘ 7—$ LIQUIDLINE ——¢
T =
F o . /!
v 1 INLET TUBE
l l § b -y 9 ,  sor 70 . .
[€=9) ¥ L !
. o750 1} i
2385 752 1125 T
2875 —» = | | =— 1083
1.063" —»l H —= l=—1083" INLET
INLET RIGHT SIDE VIEW
FRONT VIEW
Base Model Number A B [ 2] E F G H 1 ]
SAHOD1BARFY 411257 22" 135" 15.57 1o 13.375° 10.8117 13.125" 17.938" 2.024"
SAHD24ARFY 41125 22" 13.57 15.5" 10" 13.375° 10.811° 13.125" 17.938" 2.024"
SAHO30ARFY 41.125° 22" 13.5" 15.5 107 13.375" 10.811" 13.125" 17.938" 2.024"
SAHO3ZARFY 41125 22 13.5° 15.57 107 13.375° 10.811° 13.125" 17.938° 2.024"
SAHOIBARFY 46.75 22 17.5° 18.57 1 13.375" 10.811° 17125 17.938" 20247
SAHO4ZARFY 4575 22" 17.5" 19.5 107 13.375° 10.811° 17.125" 17.938" 2.024"
SAHO4BARFY 53.25° 24" 20 2 12 14.5 11,935 19.625" 19.938" 1.837"
SAHO49ARFY 5325° 24 200 2z 127 1457 11.935° 19.625" 19.938" 1.837
SAHOG0ARFY 53.25" 24" 20° 22 127 14.5 11.935" 19.625" 19.938" 1.837"
SAHOE1ARFY 53.25° 247 207 22 127 14.587 11,935 19.625" 19.938" 1.837"
Expansion Valve Kits For Air Conditioning-only Applications
Kit Number Used With Description
XVB1E-36C SAHOTBARFY to SAHOSEARFY 20% bleed valve
AVB42-60C SAHD4ZARFY to SAHDS0ARFY 20% bleed valve
X\W18-38C SAHOD18ARFY to SAHO3BARFY Mon-bleed valve
XV42-B0C SAHD4ZARFY to SAHDE0ARFY Non-bleed valve

Coil Insulation Kit For Downflow

Applications
Chassis Size Insulation Kit
ma DFI18-302
Medium DPI36-422
Large DPI48-612

MNate: Each kit contains enough material to medify 20 cols
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APPENDIX E - ELECTRICAL CUT SHEETS

* bp solar ~ BP3160

High-efficiency photovoltaic module using silicon nitride multicrystalline silicon cells.

Performance
Rated power (P...) 160W
Power tolerance 5%
Nominal voltage 24V
Limited Warranty, 25 years

Configuration
BEP3160B  Bronze frame with output cables and
polarized Multicontact {MC) connectors
S BP 31605  Clear universal frame with output cables and
polarized Multicontact (MC) connectors
L BP 3160L Unframed laminate version of BP 31805
U BP 3180U  Clear universal frama with standard junction box

Electrical Characteristics® BP 3160
Maximum power (P’ 160W
Voltage at Pmax (Vi) 351V
Current at Pmax (I, 4 6564
Warranted minimum P 152W
Short-circuit current (1,2 4.8A
Open-circuit voltage (V.. 44 2V
Temperature coefficient of |.. 10.065+0.015)%/ °C
Temperature coefficient of V.. -(160+20)m\V/°C
Temperature coefficient of power -(0.5+0.06)%/ °C
NOCT (Air 20°C; Sun 0.8kW/m®; wind 1m/s)  47+2°C
Maximum series fuse rating 15A (S, L); 20A (V)
Maximum system voltage 600V (U.S. NEC & |EC 61215 rating)

1000V (TUV Rheinland rating)

Mechanical Characteristics

Dimensions B,S,U Length: 1583mm (62.8") Width: 790mm (31.1") Depth: 50mm (1.97")
L Length: 1580mm (62.2") Width: 783mm (30.8") Depth: 18mm (0.757)
Weight B,S,U 15.0 kg (33.1 pounds)
L 12.4 kg (27.3 pounds)
Solar Cells B,S,L,U 72 cells (125mm x 125mm) in a 6x12 matrix connected in series

Output Cables  B,S.L  RHW AWGH# 12 (4mm°) cable with polarized weatherproof DC rated
Multicontact connectors; asymmetrical lengths - 1250mm (-} and 800mm (+)

Junction Box u Standard junction box with 6-terminal connection block; IP 54, accepts PG 13.5,
M20, % inch conduit, or cable fnimgs accepting 6-12mm diameter cable.
Terminals accept 2.5 to 10mm* (8 to 14 AWG) wire,

Diodes B,S,L.U Three 94, 46V Schottky by-pass diodes included

Construction B,S,LU Front: High-transmission 3mm (1/8" inch) tempered glass; Back: Tedlar;
Encapsulant; EVA

Frame B,S,U Anodized aluminum alloy type 8063T6 Universal frame; Colar: branze (B); silver {S,U)

Warranty: Power output for 25 years, Freedom from defects in materials and workmanship for 5 years. See our website or your local
representative for full terms of these warranties

. These data represent the performance of typical BP 3160 products, and are based on measurements made in accordance with ASTM E1036
comrected to SRC (STC.)

]

3. During the stabilization process that occurs during the first few months of deployment, module power may decrease by up to 3% from
typical Py
©EP Solar 2003 40301 12/03
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Quality and Safety
Module power measurements calibrated to World Radiometric Reference through
ESTI ESTI (European Solar Test Installation at Ispra, Italy)
BP 3160 |-V Curves
(E Manufactured in IS0 9001-certified factories; conforms to European Community
Directives BY/33/EEC, 73/23/EEC, 93/68/EEC; certified to IEC 61215 6.0
@ Framed madules certified by TUV Rheinland as Safety Class Il (IEC 60364)
o equipment for use in systems up to 1000 VDC 5.0
Listed by Underwriter's Laboratories for electrical and fire safety —_—
(Class C fire rating) _ 4.0 25
5 —5OC
@ Approved by Factory Mutual Research in NEC Class 1, Division 2, t 3.0 ==
et Groups C & D hazardous locations (U} g
3
20
Qualification Test Parameters
Temperature cycling range -40°C to +85°C (-40°F to 185°F) 1.0
Humidity freeze, damp heat 85% RH
Static load front and back (e.g. wind) 50psf (2400 pascals) 0.0
Front loading (e.g. snow) 113psf (5400 pascals) 0 20 40 &0
Hailstone impact 25mm (1 inch) at 23 m/s (52mph}
Voltage (V)
Dimensions in brackets are in inches. Unbracketed dimensions are in milimeters. Overall tolerances £3mm (1/87)
- MTAE -
B mpeEn -
t - . )
s e 08K
Front View |*| |
155 ]
e udes
::ﬂ‘:‘: Toptton 8 e
A A
iy s
Giounc nole Soouwsh || sR4Fomude
2 places. of arean
\ mpaul e
Back View 2P o O
12%0rmm f
MCCabo
INEX5 RN i - S Vo
'y o I e
- sy : R AT
i E’?:;E’ ":";‘: woe 240000
1 ; = 1 ] 1 :
! S-Version 2 - -
2001 M s 58 TR i Section A=A
et promcton
Bpwm
Included with each module: self-tapping grounding screws, instruction sheet, and warranty document.
Note: This publication summarizes product warranty and specifications, which are subject to change without notice,
bp solar
@BP Solar 2003 4030-v1 1203
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xantrex

GT Series Grid

.8 —
-t

i

Xantrex GT Series Grid Tie Solar Inverters

Xantrex photovoltaic string inverters offer high efficiency, dean aesthetics, high reliability, as well as lower installed
cost, through time-saving installation and incdluded features. The result is a high-performance inverter that makes
utility-interactive installations easier and more cost effective.

Standard
10-year

Technology warranty

» Proven high-frequency design in a compact enclosure

» Integrated DC/AC disconnect that is NEC compliant to eliminate the need for external DC (PV), and in some
jurisdictions, AC disconnects

Large heat sink offers extraordinary heat dispersion without the need for a cooling fan

Backlit, two-line, 16-character liquid crystal display (LCD) provides instantaneous power, daily and lifetime
energy production, photovoltaic array voltage and current, utility voltage and frequency, time online
"selling” today, fault messages, and installer customized screens

Bright LED indicators provide system status at-a-glance

LCD vibration sensor allows the tap of a finger to wm backlight on and to cycle through display screens
Integrated RS232 and Xanbus™ RJ45 communication ports

Free PC software for remote monitoring and system troubleshooting available enline

L

*F v wew

Xantrex Technology Inc.

Installation Customer Sl,fruicerredmlcal Support
customerservice@xantrex.com

Flexible module selection and sizing due to wide PV input MPPT tracking voltage range Toll free: 1-800-670-0707

Lightweight and versatile mounting bracket simplifies installation

Modular design allows inverters to be mounted side-by-side, using each wiring box as a wiring raceway

Easy access DC (photovoltaic) and AC (utility) terminal block simplifies wiring

Integrated, lockable AC/DC disconnect saves installation time and balance of system component cost

Rugged NEMA 3R inverter enclosure allows reliable outdeor and indeor installations

TFvr rvww

PHOTOVOLTAIC

.‘Ck.i{"‘ﬂ!f 1o
bR POWER INVERTER

Performance

» Best-in-class efficiency to maximize investment of solar system

» Accurate MPPT tracking ensures maximum energy harvest under any condition

b Excellent thermal performance

» FCC Part B compliance means less potential interference with communication, radio, and consumer electronics

Serviceability

» 10-year standard warranty www.Xantrex.com

» Sealed inverter enclosure can be separated from the wiring box allowing DC/AC connections to remain ) :
intact in the unlikely event the inverter needs to be serviced

This document is printed on add free,
© 2007 Kantren Techkgy Inc. AN rights. emnd. Xarires: .3 registeved traxdemark of Xantses Intmnational. Printed in Cana dh 10% post-consumes, elemental chlaring

free Productolith paper stock,
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xantrex

Smart choice for power

Xantrex GT Series Grid Tie Solar Inverters
Electrical Specifications
Models GT2.5-NA-DS-240 GT3.0-NA-D5-240 GT3.3-NA-D5-240 GT3.8-NA-DS-240 GT5.0-NA-D5-240
GT3.3-NA-DS 208
AC power output 2500W 3000W 3300w JB00W S000W
AC output valtage (nominal) 240 Vac 240Vac 240 Vac 240 Vac 240 Vac
208 Vac
AC output voltage range 211 - 264 Vac 211 - 264 Vac 211 - 264 Vac 211 - 264 Vac 211 - 264 Vac
183 - 228 Vac
AC frequency (nominal) B0 Hz 60 Hz G0 Hz G0 H:z B0 Hz
AC frequency range 593 -60.5H: 593 -605Hz 59.3 - 605 Hz 59.3-60.5Hz 59.3 - 60.5 Hz
Maximum continuous output current 11.8A 1424 1564 164 1A
184
Current THD <% < 5% <% < 3% <%
Power factor =09 =09 =08 =09 =08
DC input voltage range 195 - 600 Vdc 195 - 600 Vide 195 - 600 Vde 195 - 600 Vdc 235 - 600 Vdc
Peak power tracking voltage range 195 - 550 Vdc 195 - 550 Vi 195 - 550 Vdc 195 - 550 Vdc 235 - 550 Vdc
Peak inverter efficiency S4E% 94.6% 95.3% %5.7% 96.5%
04.7%
CEC efficiency 94.0% 94.5% 94.5% .0% 95.5%
94.0%
Night-time power consumption W W W w w
Output over-current protection 154 204 0A A 304
DA
Mechanical Specifications
DOperating temperature range -13°F to + 149°F  (-25°C 1o +65°C)
Enclosure type NEMA 3R {outdoor rated)
Unit weight 49.0[bs (22.7 kg) 10 58.0b (25,8 kg)
Shipping weight 57.01bs (25.9 kg to 65.00b (27.2 kg
Shipping dimensions (H x W x D) 341 % 20.4 % 10.37 (866 x 518 x 262 mm)
Inverter dimensions (H xW x D) ZB.5 % 15,9 5.77 (755 x 403 x 146 mm)
Mounting Wall mount (mounting bracket included)
Features
PV [ Utility disconnect Eliminates need for external PV (D) disconnect. Complies with NEC requirements.
Cooling Convection cooled, fan not required.
Display Backlit, two-line, 16-character liquid arystal display provides i chlly ancl it evererey ot
PV array voltage and current, utility voltage and frequency, time online “selling” today,
fault messages, and installer customizable screens.
Communications One RS 232 and two Xanbus™ RI4S ports.
Wiring box PV, utility, ground, and communications connections. The inverter can be separated from the wiring bo
Warranty 10+year standard
Part number (negative ground) BE4-0108 864-0002 BE4-0107 864-0119 BG4-0118
BE4-0111
Part number (positive ground) B64-0112 MNia BE4-0114 NIA NA
Options
Pasitive grounding Pasitive g g confi ions available for the GT2.5-A-D5-240, GT3.3-NA-D5-240, GT3.3-NA-DS-208, & GT3.8-NA-D5-240 inverters & repi red.
Speclication ke ta thangs witheat natice
i
H
3
g.
© 2007 Xararex Technslogy nc. All rights reserved. Xantres i a registered trademark of Xantres Intesmational Printed in Ca mda E
2
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APPENDIX F - RETSCREEN INPUTS

Figure F.1: Base Case Energy Model Input

RETScreen® Energy Model - Photovoltaic Project | Training & Support
Site Conditions Estimate Notes/Range
Project narme Mt. St. Mary's See Oniine Manual
Project location [ Maryland |
Mearest location for weather data - Baltimore, MD =P Compicte SR&SL sheat
Latitude of project location M 39.2 -90.0 to 20.0
Annual solar radiation (tilted surface) MYWhim?® 1.65
Annual average termperature °C 128 -20.0t0 30.0
tem Characteristics Estimate Notes/Range
Application type - On-grid
Grid type - [ Central-grid |
P energy absorption rate % [ 100.0% |
PV Array
P module type - poly-Si
P module manufacturer / model # BF Solar/ BF 3160 S See Product Database
Maorinal P module efficiency % 12.7% 4.0% to 15.0%
NOCT °C 45 40 to 55
P termperature coefficient % S0 0.40% 0.10% to 0.50%
Miscellaneous PV array losses % [ 5.0% | 0.0% to 20.0%
Marinal P array power kwvp | 24.80 |
P array area me 195.3
Power Conditioning
Average inverter efficiency % [ 95% | 80% to 95%
Suggested inverter (D to AC) capacity kWY (AC) 236
Irverter capacity kWY (AC) | 250 |
Miscellaneous power conditioning losses % | 5% | 0% to 10%
Estimate Notes/Range
Specific yield kWhim?= 173.0
Cwverall PY system efficiency % 10.5%
P system capacity factor % 15.6%
Renewable energy collected MYWh 35.571
Renewable energy delivered MYWh 33.792
33792
Excess RE available v 0.000
Compiete Cost Angiysis shest
Wersion 3.2 @ Minister of Natural Resources Canada 1997 - 20035, MRCaniCETC - Warennes
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Figure F.2: Base Case Solar Data Input

RETScreen® Solar Resource and System Load Calculation - Photovoltaic Project

Site Latitude and PV Array Orientation

Estimate

Notes/Range

Mearest location for weather data Baltimore, MD See Weather Databhase
Latitude of project location M 39.2 -90.0to 20.0
P array tracking mode - Fixed
Slope of PV array ° 30.0 0.0to090.0
Azirmuth of PV array ° 0.0 0.0tc180.0
Monthly Inputs |
Fraction of  Monthly average Monthly Monthly average Monthly
month daily radiation average daily radiation solar
used on horizontal temperature in plane of fraction
surface PV array
Month o-1 (KWh/m=d) "] (KWh/m=d) (%)
January 1.00 207 0.0 317 -
February 1.00 2.86 1.6 3.84 -
arch 1.00 3.8 5.7 4.84 -
Agaril 1.00 4.90 12.0 5.13 -
My 1.00 5.61 17.5 5.42 -
June 1.00 5.17 224 5.76 -
July 1.00 5.02 248 5.70 -
Aungust 1.00 5.32 239 5.3 -
September 1.00 4.38 202 4 -
October 1.00 33 13.6 422 -
MNovermnber 1.00 223 8.3 328 -
December 1.00 1.78 27 2.80 -
Annual Season of use
Solar radiation (horizontal) MYWhim?® 1.48 1.48
Solar radiation (tilted surface) MYWhim?® 1.65 1.65
Average temperature °C 128 128
Load Characteristics Estimate

Application type -

Return to Energy Model sheet

Wersion 3.2

@ Minister of MNatural Resources Canada 1997 - 20035,

MRCaniCETC - Warennes
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Figure F.3: Base Case Cost Information Input

RETScreen® Cost Analysis - Photovoltaic Project

Type of analysis: | Pre-feasibilit Currency: Cost refarences:

Unit Cost Amount Relative Costs Quantity Bange Unit Cost Range

Feasihility Study

[Cther - Feasibility study [ Cost | 0 [ 5 10,0001 § - - -
Sub-total ; [] - 0.0%
Develog g
[Other - Development [ Cost [ 0 [ 15000 § - - -
Sub-tatal - § . 0%
Engineering
[Other - Engineering [ Cost [ 0 [% 10,0007 § ) . -
Sub-tatal : § 0.0%
Energy Equipment
P modulels) kWp 24.80 § 3750 % 93,000 - -
Transportation project 0 5 - % - - -
[Dther - Energy eguipment [ Cost 0 § - F - - -
[Credit - Energy equipment [ Credi 0 [ -1 8 - -
Sub-total : § 93,000 55.1%
Balance of Equipment
Module support structure rm’ 1953 § 500 % 9764 - -
Inverter kWY AC 250 § 764 | % 19,100 - -
Other electrical equipment kiip 24.80 5 50 % 1,240 - -
System installation ki 24.80 § 1,500 | § 37,200 - -
Transportation project 0 5 - F - - -
[Other - Balance of equipment | Cost 0 § - § - - =
[Credit - Balance of equipment [ Credit 0 [ -1 8 ) . -
Sub-total : § 67,304 39.9%
Miscellaneous
Training p-h \ 3 [ § E5 ] § 390 - -
Contingencies % \ 5% | b 160 694§ 5,035 - -
Sub-total : § 8,425 5.0%
Initial Costs - Total § 168,728 100.0%

Unit Cost Amount Relative Costs Quantity RBange Unit Cost Range
Property taxesfinsurance project 0 § - § B =
O&M labour p-h 10 § 55| % 550 -
[Dther - 0&M [ Cost 0 § -1 5 - -
[Credit - 0&M [ Credit 0 § BR; - -
Contingencies % 0% § 550§ - -
Sub-total : § 550 100.0%
Annual Costs - Total § 550 100.0%
Periodic Costs ({Credits) Period Amount Interval Range Unit Cost Range
Inverter RepairReplacement Caost 25 yr 5 19100 | $ 19,100 - -
¥ -1 $ . . :
§ ] -
End of project life B § -1 8 Go fo GHG Analyals sheat
Wersion 3.2 @ Minister of Matural Resources Canada 1997 - 2005, MRCan/CETC - Yarennes

66



Erik Shearer

Mount St. Mary’s Student Housing
Final Report

Mechanical Option

Figure F.4: Base Case Economic Input and Financial Results

RETScreen® Financial Summary - Photovoeltaic Project

Balance

Annual Energ

Project narme Mt St Mary's

Project location Maryland  Mominal PY array power kW\p 24.80

Renewable energy delivered Mk 33792 Met GHG reduction tooefyr 15.93

Firm RE capacity ki I:l Met GHG emission reduction - 50 yrs  too 756 52

Application type On-grid

Financial Parameters

Avoided cost of energy Bikivh 0.135 | Debt ratio % 50.0%

RE production credit $wvh | | Debtinterest rate % 6.5%
Debt term yr 15

GHG emission reduction credit

Energy cost escalation rate % 5.0%
Inflation % 0.0%
Discount rate % 5.0%
Project life Yyt a0

Stcor [ -] Income tax analysis?

yes/no Mo

Project Costs and Savings

Initial Costs Annual Costs and Debt
Feasibility study 0.0% § - D&M § 550
Dievelopment 0.0% 5 - Fuel § B
Engineeting 0.0% § - Debt payments - 15 yrs § 8,572
Energy equipment 25.1% § 93,000  Annual Costs and Debt - Total § 9,522
Balance of equipment 39.9% § 67 304
Miscellaneous 5.0% 5 8425  Annual Savings or Income
Initial Costs - Total 100.0% § 168,728 Energy savings/income § 4,562
Incentives/Grants §
Annual Savings - Total § 4,562
Periodic Costs (Credits)
Inverter Repair/Replacement § 19,100 Schedule yr #2550
4 _
4 _
End of project life - § -

Financial Feasibili

Pre-tax IRR and ROI
After-tax IRR and ROI
Simple Payback
Year-to-positive cash flow
Met Present Walue - NPY
Annual Life Cycle Savings
Benefit-Cost (B-C) ratio

Calculate energy production cost?

£ 8.3%

% 8.3% Calculate GHG reduction cost?
yr 232

yr 213 Project equity

5 883774  Project debt

§ 4863 Debt payments

- 205 Debt service coverage

yes/no

yes/no Mo
5 84 364
¥ 84 364

Biyr §.4972
- 0.47

Wersion 3.2

@ Minister of Natural Resources Canada 1997 - 20035,
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Figure F.5: Alternate Case Energy Model Input

RETScreen® Energy Model - Photovoltaic Project

Training & Support

Estimate

Site Conditions

Project narme Mt. St. Mary's See Oniine Manual
Project location [ Maryland |

Mearest location for weather data - Baltimore, MD =P Compicte SR&SL sheat
Latitude of project location M 39.2 -90.0 to 20.0
Annual solar radiation (tilted surface) MYWhim?® 1.64

Annual average termperature °C 128 -20.0t0 30.0

tem Characteristics Estimate

Application type - On-grid
Grid type - [ Central-grid |
P energy absorption rate % [ 100.0% |
PV Array
P module type - poly-Si
P module manufacturer / model # BF Solar/ BF 3160 S
Maorinal P module efficiency % 12.7%
MNOCT G 45
P termperature coefficient % S0 0.40%
Miscellaneous PV array losses % [ 5.0% |
Marinal P array power kwvp | 42.72 |
P array area me 336.4
Power Conditioning
Average inverter efficiency % 95% |
Suggested inverter (D to AC) capacity kWY (AC) 40.6
Irverter capacity kWY (AC) | 40.0 |
Miscellaneous power conditioning losses % | 5% |

See Product Datahase

Notes/Range

4.0% to 15.0%
40 to 55
0.10% to 0.50%
0.0% to 20.0%

80% to 95%

0% to 10%

Production (12.00 months anal Estimate

Annual Energ

Specific yield kWhim?= 172.4
Cwverall PY system efficiency % 10.5%
P system capacity factor % 15.5%
Renewable energy collected MYWh 61.029
Renewable energy delivered MYWh 57.977

57,977
Excess RE available v 0.000

Complete Cost Analysis sheet

Wersion 3.2 @ Minister of Natural Resources Canada 1997 - 20035,

Notes/Range

MRCaniCETC - Warennes
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Figure F.6: Alternate Case Solar Data Input

RETScreen® Solar Resource and System Load Calculation - Photovoltaic Project

Site Latitude and PV Array Orientation Estimate Notes/Range
Mearest location for weather data Baltimore, MD See Weather Databhase
Latitude of project location M 39.2 -90.0to 20.0
P array tracking mode - Fixed
Slope of PV array ° 30.0 0.0to090.0
Azirmuth of PV array ° 125 0.0tc180.0

Fraction of  Monthly average Monthly Monthly average Monthly
month daily radiation average daily radiation solar
used on horizontal temperature in plane of fraction
surface PV array
Month o-1 (KWh/m=d) "] (KWh/m=d) (%)
January 1.00 207 0.0 3.14 -
February 1.00 2.86 1.6 3.81 -
arch 1.00 3.8 5.7 482 -
Agaril 1.00 4.90 12.0 5.12 -
My 1.00 5.61 17.5 5.42 -
June 1.00 5.17 224 5.76 -
July 1.00 5.02 248 5.71 -
Aungust 1.00 5.32 239 5.37 -
September 1.00 4.38 202 4.89 -
October 1.00 33 13.6 419 -
MNovermnber 1.00 223 8.3 325 -
December 1.00 1.78 27 277 -
Annual Season of use
Solar radiation (horizontal) MYWhim?® 1.48 1.48
Solar radiation (tilted surface) MYWhim?® 1.64 1.64
Average temperature °C 128 128
Load Characteristics Estimate

Application type -

Return to Energy Model sheet

Wersion 3.2

@ Minister of MNatural Resources Canada 1997 - 20035,

MRCaniCETC - Warennes
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Figure F.7: Alternate Case Cost Information Input

RETScreen® Cost Analysis - Photovoltaic Project

Type of analysis: | Pre-feasibilit Currency: Cost refarences:

Unit Cost Amount Relative Costs Quantity Bange Unit Cost Range

Feasihility Study

[Cther - Feasibility study [ Cost | 0 [ 5 10,0001 § - - -
Sub-total ; [] - 0.0%
Develog g
[Other - Development [ Cost [ 0 [ 15000 § - -
Sub-tatal - § . 0%
Engineering
[Other - Engineering [ Cost [ 0 [% 10,0007 § ) -
Sub-tatal : § 0.0%
Energy Equipment
P modulels) kWp 4272 § 3750 | % 160,200 - -
Transportation project 0 5 - % - - -
[Dther - Energy eguipment [ Cost 0 § - F - - -
[Credit - Energy equipment [ Credi 0 [ -1 8 - -
Sub-total : [] 160,200 55.6%
Balance of Equipment
Module support structure rm’ 336.4 § S0 % 16,819 - -
Inverter kWY AC 40.0 § 764 | % 30,560 - -
Other electrical equipment kiip 4272 5 50 % 2136 - -
System installation ki 42.72 § 1,500 | § 64,080 - -
Transportation project 0 5 - F - - -
[Other - Balance of equipment | Cost 0 § - § - - =
[Credit - Balance of equipment [ Credit 0 [ -1 8 ) . -
Sub-total : § 113,595 39.5%
Miscellaneous
Training p-h \ 3 [ § E5 ] § 390 - -
Contingencies % \ 5% | b 274185 5 13,709 - -
Sub-total : § 14,099 4.9%
Initial Costs - Total § 287,894 100.0%

Unit Cost Amount Relative Costs Quantity RBange Unit Cost Range
Property taxesfinsurance project 0 § - § B =
O&M labour p-h 10 § 55| % 550 -
[Dther - 0&M [ Cost 0 § -1 5 - -
[Credit - 0&M [ Credit 0 § BR; - -
Contingencies % 0% § 550§ - -
Sub-total : § 550 100.0%
Annual Costs - Total § 550 100.0%
Periodic Costs ({Credits) Period Amount Interval Range Unit Cost Range
Inverter RepairReplacement Caost 25 yr 5 30560 | $ 30,560 - -
¥ -1 $ . . :
§ ] -
End of project life B § -1 8 Go fo GHG Analyals sheat
Wersion 3.2 @ Minister of Matural Resources Canada 1997 - 2005, MRCan/CETC - Yarennes
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Figure F.8: Alternate Case Economic Input and Financial Results

RETScreen® Financial Summary - Photovoeltaic Project

Annual Energy Balance
Project narme Mt St Mary's
Project location Maryland  Mominal PY array power kW\p 4272
Renewable energy delivered Mk 57.977  Met GHG reduction tooefyr 2733
Firm RE capacity ki I:l Met GHG emission reduction - 50 yrs  too 1,366 .61
Application type On-grid

Financial Parameters
Avoided cost of energy Bikivh 0.135 | Debt ratio % 50.0%
RE production credit $wvh | | Debtinterest rate % 6.5%

Debt term yr 15

GHG emission reduction credit

Energy cost escalation rate % 5.0%
Inflation % 0.0%
Discount rate % 5.0%
Project life Yyt a0

Stcor [ -] Income tax analysis?

yes/no Mo

Project Costs and Savings

Initial Costs Annual Costs and Debt
Feasibility study 0.0% § - D&M § 550
Dievelopment 0.0% 5 - Fuel § B
Engineeting 0.0% § - Debt payments - 15 yrs § 15,309
Energy equipment 25.6% § 160,200 Annual Costs and Debt - Total § 15,859
Balance of equipment 39.5% § 113,595
Miscellaneous 4.9% 5 14,093  Annual Savings or Income
Initial Costs - Total 100.0% § 287,894 Energy savings/income § 7E27
Incentives/Grants §
Annual Savings - Total § 7.827
Periodic Costs (Credits)
Inverter Repair/Replacement § 30560  Schedule yr #2550
4 _
4 _
End of project life - § -

Financial Feasibili

Pre-tax IRR and ROI
After-tax IRR and ROI
Simple Payback
Year-to-positive cash flow
Met Present Walue - NPY
Annual Life Cycle Savings
Benefit-Cost (B-C) ratio

Calculate energy production cost?
£ 8.4%
% 8.4% Calculate GHG reduction cost?
yr 270
yr 21.0  Project equity
5 158035  Project debt
§ G557 Debt payments
- 210  Debt service coverage

yes/no
yes/no Mo
5 143,947
¥ 143,947
Biyr 15,309
- 0.50

Wersion 3.2

@ Minister of Natural Resources Canada 1997 - 20035,
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APPENDIX G - FIRST COST ANALYSIS
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APPENDIX H - HVAC SYSTEMS
CONSTRUCTION SCHEDULE

Prime/Seal 2nd Leval
Finish Coat Lower Lavel
Prime/Seal 15t Level
Finish Coat 3rd Level
Finish Coat 2nd Level
Finish Coat 1st Level

Elevator Submittals
Elevator Fabrication
Elevator Installation

15A4-1020  Bryant Submittals & Approvals
154-1000 Lower Level Underground Plumbing
15A-1005 151 Level Underground Plumbing
15A-1040  Mechanical Equipment Set Lip
15A-1015 Rough In Mech/Plumb Mech, Room Lower
15A-1050 Drill & Grout Geothermal Wells
15A-1035  Mech/Plumbing Rough In 3rd Level
154-1030  Mech/Plumbing Rough In 2nd Level
15A-1025  Mech/Plumbing Rough In 15t Level
154-1120 Set/connect'start fans & units al attic
154-1010 Rough In Mech/Plumb Lower Level
15A-1060 Set Vault and Hook up Geothermal System
15A-1140 SetConnect/Heat Pumps 3rd Level
154-1150 Set/Connect/Heat Pumps 2nd Level
15A-1160 SetConnect/Start Heat Pump 1st Level
15A-1170 Set/Connect/Stan Heat Pumps Lower Level
15A-1070 C Mech Room E
154-1110 Grilles/Diffuser Lower Lovel
154-1180 Plumbing Fixlures Lower Level
154-1220 Air Balancing Lower Level
15A-1080 Grilles/Diffuser 3rd Floor
154-1090 Grilles/Diffuser 2nd Fioor
154-1210 Plumbing Fixtures 3rd Level
154-1100 Grilles/Diffuser 15t Floor
154-1200 Plumbing Fixtures 2nd Level
154-1250 Air Balancing 3rd Floor

Start date 020CTOE

Finigh date J1DECOT

Data date 020CTOE

Run date 2BJANDT

Page number  5A

D Primavera Systems, Inc

10 128EPO7  25SEPOT
5 125EPOT  1BSEPO7
10 198EPOT  020CTO7
10 300CTOT  12MOVOT
10 0BNOWDT  18NOVOT
10 13NOVDT  2TNOVOT

10 180CTO6 *
80 300CT06
40 04JUNOT

270CT08
22FEBOT
30JULD7

. Prima/Seal 2nd Level
W Finish Coat Lower Level
= Prime/Seal 181 Level
B Finish Coat 3rd Leve
= Finish Coat 2nd Ley
I Finish Coat 1st Le

= Elovator Submittals

Elevator F
— E|evator Installation

s Bryant Submittats & Approvals
. Lower Level Underground Plumbing
= 158 Level Underground Plumbing
| Mechanical Equipmeant Set Up
= Rough In Mech/Plumb Mech. Room Lower Lavel
— Crill & Grout Geothermal Waells
— Mech/Plumbsng Rough In 3rd Level
— Moch/Plumibing Rough In 2nd Level
— Mech/Plumiing Rough In 15t Level
= Seticonnectstart fans & units at attic
. Rough In Mech/Plumb Lower Leved
— Set Vault and Hook up Geothermal System
. Set/Connect/Heat Pumps 3rd Level
 Set'Connect/Heat Fumps 2nd Level
. Set/Connect/Start Heat Pump 15t Level
B Set'Connect/Start Heat Pumps Lower Lev
1 Mech Room
B Grilles/Diffuser Lower Lovel
. Plumbing Fixtures Lower Level
1 Air Balancing Lower Lavel
B GrillesDiffuser 3rd Floor
W Grifles/Diffuser 2nd Floor
= Plumbing Fixtures 3rd Lev
W Grilles/Diffuser 151 Floor
W Flumbing Fixures 2nd Li

20 020CTOE  270CT06
10 08MARDT  21MAROT
10 DEMARDT  21MAROT
1 03APROD7  03APROT
15 (MAPROT  24APROT
23 15MAYDT  15JUNDT
27 16MAYDT  220UNOT
27 2IMAYOT  28JUNOT
30 25MAYOT  DEJULOT
B 28MAYDT  DBJUNDT
15 18JUNDT  0SJULDT
15 18JUNDT  08JULOT
10 25JUNOT  09JULOT
10 02JuULo? 16JULDT
10 10JULOT 23JuLo7
10 10JULOT 23JULo7
2 2aJuLo7 25JuLo7?
5 18AUGOT  22AUG07
10 21AUGDT  D4SEPOT
2 2TAUGDT  2BAUGOT
5 21SEPOT  27SEPOT
5 28SEPOT  040CTOT
10 030CTOT  160CTO7
5 050CTO7  110CTO7
10 100CTOT  230CTO7
2 180CTOT  170CTOT

<MSMU New Residence Hall >
<Gilbane Building Co>
| 2007=

<January 17

1 Air Balancing 3rd Floor

N Early bar
B Frogress bar
N Critical bar
Summary bar
* Start milestona paint
@  Finish milestone point
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