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Executive Summary

This report details the mechanical system of our team’s elementary school design for submission in the 2013 ASCE
Charles Pankow Foundation Architectural Engineering Student Competition.

The team goals, which were selected to align with the Reading community, competition guidelines, and Charles
Pankow Foundation mission, focused on creating a better community through integrated building design according
to high performance standards. This translated mechanically to improved indoor environmental quality and reduced
energy consumption.

The overarching theme of community established the backbone of the mechanical system design. The mechanical
system was designed to allow the greatest ease of operation in multiple modes to match the varied functionality of
the community facility. These modes were made possible through separation of heating, cooling, and air distribution
systems into three activity-specific areas. The HVAC system was selected and designed through an integrated
approach, which allowed factors affecting the mechanical system to be addressed by the entire project team.
Likewise, early analysis of the overall building loads allowed for the collaboration of the mechanical and electrical
systems, leading to an energy efficient and cost-effective design.

The process described above resulted in a mechanical design that can be summarized by the following statements:

= Building is separated mechanically to allow multiple operational modes that match the varied school and
community based programs.

= (Classrooms / Learning Areas are ventilated by a 100% outdoor air displacement ventilation (DV) system.
Space heating and cooling is decoupled from ventilation loads, and is served through radiant heating floor
slabs and radiant chilled ceiling panels, respectively.

= Community Areas and Pool Area are ventilated by an overhead mixing VAV system. The VAV system also
handles all heating and cooling in those areas.

= Peak cooling load is 320 tons. Two chillers are installed in the building, supplying 45°F chilled water to air-
handling unit cooling coils and 60°F chilled water to radiant chilled ceiling panels, respectively. Peak heating
load is 2700 MBH. Three equally-sized boilers at 900 MBH each are installed to allow staging of part-load
conditions.

=  Combined heat and power (CHP) is utilized with four (4) 65 kW on-site natural gas microturbines, totaling
260 kW peak electric power and 1,100 MBH of peak collectable waste heat. The combined heat and power
system will save the Reading School District approximately $50,000 per year with the assumed schedule of
operation. The lifecycle cost resulted in a 3.4-year discounted payback period assuming the design receives
a federal or state energy grant.

= School is designed to apply for LEED Gold under LEED 2009 for Schools New Construction and Major
Renovations. Design is applying for 61 LEED points, 32 of which are directly related to the mechanical
system. Energy models predict that the building uses 29% less energy than the ASHRAE 90.1 2007
Appendix G Baseline model and is anticipated to receive an EnergyStar Rating of 85.
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Building a Better Community

The community of Reading, Pennsylvania is in a concerning state. In 2011, The New York Times ranked Reading as
the poorest city in the United States on the basis of having the largest percentage of its population living in poverty.
The Reading School district is in a comparable condition. The school district is in “Corrective Action II” as defined by
the No Child Left Behind Law, and has lately achieved mixed results in national and state standardized test scores.

The ASCE Charles Pankow Foundation Student Competition provided our design team the opportunity to shape the
future of the Reading community. With an innovative, high-performance elementary school, our design team hopes
to educate and inspire the next generation of Reading.

A theme of community was inherited by our design team for this project. The mechanical system of the school can
help build a better community by improving learning conditions through better indoor air quality and thermal comfort.
The efficient design minimizes energy costs so as not to burden the stagnating Reading community.

Project Goals

Project goals were selected to align with the state of the Reading community, the Reading School District Strategic
Plan, competition guidelines, and the mission of the Charles Pankow Foundation. The goals listed below are uniform
across all disciplines of our team, and were expanded on to better relate to the mechanical system design. A
complete, visual list of how our team met the competition guidelines and the mission of the Charles Pankow
Foundation can be found on Page 2 of the Integration Supporting Documentation.

1. Build a better Reading community through construction and implementation of the school program

= Select mechanical systems on the basis of building a better community and learning conditions

= Reduce environmental impact to encourage fiscally- and environmentally-responsible life decisions
= Model building as a learning tool through the use of visible environmental features

= Use enhanced indoor environmental quality to improve learning conditions

2. Design the elementary school to high-performance standards
* Enhance indoor air quality and thermal comfort standards
= Reduce energy consumption by 20% compared to the ASHRAE Standard 90.1baseline model
= Provide individual environmental control to each classroom
= Achieve an NC-30 acoustical rating in all classroom spaces
3. Utilize an integrated design approach to maximize quality, efficiency, and value of the final built product

= Design an unobtrusive mechanical system that allows school and community activities to occur
without interference from the mechanical system

= Use mechanical system as a base for integration with other systems

= Create a system that is flexible to future changes to the building and elementary school program
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Environmental Conditions

The designed elementary school will be located at the intersection of 13" Street and Union Street in Reading,
Pennsylvania. The location is in ASHRAE Climate Zone 5A. The design heating and cooling weather conditions were
collected from ASHRAE Fundamentals 2009 for Reading Spaatz Field and are shown in Table 1 below [1].

Table 1: Design Heating and Cooling Environmental Conditions from ASHRAE Fundamentals 2009

Design Condition Extreme Month 99.6% DB (.4% Cooling) MCWB
Heating January 9.4°F -
Cooling July 92.4°F 74.1°F

Schedule of Operation

Expected operating hours of the building are shown in Table 2. Operation of the school was predicted based on the
school schedules reported on the Reading School District website, but was modified to match the added community
functions that the design offers.

Table 2: Predicted operating hours of the designed High-Performance Elementary School
School Year — September to June Summer Break — July to August (And weekends during
school year)

12:00AM — 4:00AM

Health clinic only

12:00AM — 9:00AM

Health clinic only

4:00AM — 7:00AM

Use of pool for swim practice

7:00AM — 3:00PM

Normal school hours

3:00PM - 9:00PM

Extended “after-school” programs
Pool open to public

9:00AM - 6:00PM

Pool open to public

Gymnasium use for sport events
PTA room use for meetings
Health clinic

Gymnasium use for sport events
Health clinic

PTA room use for meetings
Health clinic only

Few summer activity camps
School offices open

9:00PM - 12:00AM 6:00PM - 12:00AM | Health clinic only

Even though the main function of the building is an elementary school, the building is also used for many community
activities. The pool, gymnasium, and PTA room are open to the public at times when the school is not in operation.
Operating and conditioning the entire school during these extended community hours would be inefficient. Thus, the
building was separated mechanically to allow the community functions to occur without having to condition the entire
building.

Mechanically, the building is separated into the following areas, which are illustrated in Figure 1 on the following
page.

= Classrooms / Learning Areas — This area comprises the majority of the building: half of the ground level, as
well as all of the 2™ and 3" floors. This area will be operated during normal school hours, and not operated
when school is not in session. Loads are served through a 100% outdoor air displacement ventilation
system, radiant chilled ceiling, and heated floor slab.

= Community Areas — Gymnasium, pool, health clinic, offices, and PTA room are operated during school hours
and in extended hours and weekends when school is not in session. Loads are served through an overhead
mixing VAV system.

= Pool Area — Due to the strict temperature and moisture setpoints for natatoriums stated in ASHRAE
Applications Chapter 5, the pool will be operated and conditioned on its own system [2]. Pool loads will be
handled through an overhead mixing VAV system.

ASCE Charles Pankow Foundation Architectural Engineering Student Competition

Mechanical | 3
Team Registration Number 05-2013



MeChanlca/ S}/Stem to build a better community
..

Figure 1: Mechanical System Separation in Plan View
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Space Heating, Cooling, and Ventilation Loads

This section of the report highlights some of the design building loads. Building loads were calculated with Trane
TRACE700, and were verified by some hand calculations. Full building loads can be found in the TRACE systems
reports on pages 16-17 of the Mechanical Supporting Documentation.

Classroom Cooling Loads

Full occupancy loads in a typical classroom were calculated for both the warmest and coldest months of the year. It
was found that the building is driven by internal loads, meaning that cooling will occur year-round under full
occupancy conditions. Loads for a typical classroom space are shown below in Table 3.

Table 3: Typical Classroom Loads Under Full Occupancy

January (Coldest Month) July (Warmest Month)
Internal Loads Internal Loads

Sensible Load (Btu/hr) Latent Load (Btu/hr) Sensible Load (Btu/hr) Latent Load (Btu/hr)
30 Students 7500 3000}30 Students 7500 3000
1Teacher 250 100]1 Teacher 250 100
2 Computers 3400 0]2 Computers 3400 0
Lighting (1.1 W/SF) 3000 o|Lighting (1.1 W/SF) 3000 0
Miscellaneous 2000 O] Miscellaneous 2000 0
External Loads External Loads

Sensible Load (Btu/hr) Latent Load (Btu/hr) Sensible Load (Btu/hr) Latent Load (Btu/hr)
Wall Assembly R-25 -1000 O] Wall Assembly R-25 650 0
Solar 2550 0]Solar 2550 0
Roof -1500 0] Roof 1350 0
Net Load 16200 3100|Net Load 20700 3100

Ventilation Requirements

Ventilation requirements were calculated through the prescriptive method of ASHRAE Standard 62.1 2007. The
ventilation design was also targeted to achieve the LEED credit for 30% increased ventilation. ASHRAE 62.1
calculations can be found in the Mechanical Supporting Documentation Pages 3-6, and summary of the ventilation
requirements is shown in Table 4 below.

Table 4: ASHRAE 62.1 2007 Minimum Ventilation Requirements by Air-Handling Unit

Name Ventilation Type (See next page) E; Minimum QOutdoor Intake (CFM)
Classrooms / Learning Areas | Displacement Ventilation 1.2 18,550

Community Areas Overhead Mixing VAV 0.8 14,150

Pool Area Overhead Mixing VAV 0.8 2,900
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Pool Area

ASHRAE Applications Chapter 5 offers natatorium design pool water and ambient air conditions that help manage
the evaporation losses from the pool surface [2]. These design conditions for our competition swimming pool are
shown in Table 5.

Table 5. ASHRAE Applications Typical Natatorium Design Conditions
Type of Pool Air Temperature °F Water Temperature °F Relative Humidity %
Competition 78 10 85 76 to 82 50 to 60

Even complying with these conditions, evaporation losses from the pool surface are a significant heating load on the
mechanical system: 250 Million Btu per year. Refer to Page 10 of the Mechanical Supporting Documentation for pool
calculations. Strategies for heating the pool in an efficient manner are described in the “Combined Heat and Power”
section of this report starting on Page 12 of this Mechanical Narrative.

HVAC System Selection

This section details the HVAC system selection and reasoning of the elementary school. The HVAC system was
ultimately chosen to align system advantages with our stated project goals. As previously stated, the mechanical
system was separated to match the multiple operating modes of the school. Likewise, each area of the building was
matched with an HVAC system that most effectively conditioned the spaces for the functions listed in the schedule of
operation.

Classrooms / Learning Areas

In the classroom areas, the team found a match between system benefits and project goals for a 100% outdoor air
displacement ventilation (DV) system combined with passive radiant chilled ceiling panels and a heated floor slab.
Our reasoning for this system selection is described below, and shown in bullet points in Figure 2 on the next page.

= 100% outdoor air DV system was chosen because of air quality benefits stated in many reports [3]. The
floor-to-ceiling height in each classroom (12’) was deemed sufficient to allow temperature stratification.

= Heated floor slab will be very comfortable for the elementary school children, who typically spend a lot of
time playing and sitting directly on the floor. The kindergarten children, who in particular spend the most
time on the floor, will receive the highest thermal comfort benefits.

= Passive radiant cooling was selected for its thermal comfort benefits, and also desired by the whole design
team for its integration possibilities. The passive chilled ceiling panels will replace a drop-ceiling, while
achieving the same sense of plane. Indirect lighting and sprinkler systems will be integrated into the panels’
structural system, as detailed on Page 2 of the Integration Supporting Documentation.
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Heated Floor Slab
» Increased thermal comfort in Passive Radiant Chilled Ceiling Panels
heating mode = Allows separate cooling control
= Allows separate heating control for for each room
each room = Ceiling panel integrated with
lighting and fire protection
disciplines

100% Qutdoor Air Displacement Ventilation
= Improved indoor air quality due to

displacement of contaminants with Figure 2: Classroom Heating, Cooling, and
no return Ventilation Strategies

Community Areas

Some of the functions in the community areas, particularly the gymnasium and kitchen, result in high space latent
loads, making the combined DV/CC system selected for the classrooms inappropriate for the community area. The
community area will also experience a sporadic loading schedule, as large functions and events in the gymnasium
will take place randomly. Ultimately, an overhead mixing VAV system was selected for the community area. The VAV
can be designed to handle the large range of functions that take place in the community areas.

The community area VAV system will be zoned as shown in Table 6 and its corresponding diagram.

Table 6 Community Area VAV Zones

Zone | Room Name Maximum Min. Airflow
Airflow (CFM)
(CFM)

1 Gymnasium 1000 600

2 Gymnasium 1000 600

3 Gymnasium 1000 600

4 Gymnasium 1000 600

5 Stage 1000 600

6 Offices 1550 930

7 Bathrooms 200 120

8 Kitchen 1250 750

9 Kitchen 1250 750

10 Kitchen and P.E. | 600 360

11 Health Clinic 600 360

12 PTA Room 800 480
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Acoustical Performance

According to Part 1 of the American National Standard Acoustical Performance Criteria, Design Requirements, and
Guidelines for schools, the maximum permitted reverberation time for a core learning space with an enclosed volume
between 10,000 ft® and 20,000 ft* should be 0.7 seconds in octave bands with mid-band frequencies of 500, 1000,
and 2000 Hz [10]. The High Performance Elementary School’s typical classroom surface materials included interior
gypsum walls, concrete flooring, acoustical metal decking, and ordinary window glass. A summary of the materials
and their absorption coefficients is organized below in Table 14.

Table 14: Classroom Material Absorption Summary

Sound Absorption Coefficient, a
Surface Surface Area, Material Description
Description S (ft?) Frequency (Hz)
125 250 500 1000 | 2000 | 4000
Interior Walls 1100.00 1/2" gypsum board 0.29 | 0.10 0.05 0.04 0.07 0.09
Exterior Wall 210.00 1/2" gypsum board 0.29 | 0.10 0.05 0.04 0.07 0.09
Floor 840.00 Concrete 0.01 | 0.01 0.02 0.02 0.02 0.02
Ordinary window
Windows 140.00 glass 0.35 | 0.25 0.18 012 | 0.07 | 0.04
Acoustical metal
Exposed Ceiling 840.00 decking 0.60 | 0.99 0.92 0.79 10.43 0.23
Calculated RT (s) 0.46 | 0.42 0.47 0.50 | 0.65 0.79

Reverberation calculations proved that the T4, under the aforementioned conditions at 1000 Hz totals to 1.00
seconds. In order to decrease the reverberation time to provide a most acoustically comfortable learning
environment, 40 percent of the floor area was substituted with heavy carpet on concrete block. This design
maodification brought the reverberation time within the limits of the standard.

The core layout of the building is arranged to be sensitive to the acoustical demands of critical spaces. Ducts are
run throughout the corridors to minimize crosstalk and loud mechanical/electrical rooms are buffered by storage
space. Mechanical equipment located on the roof, however, threatens the acoustics of classrooms below. In order
to ensure an NC-30 rating for the classrooms, an acoustical analysis of the duct route between the Central Air
Handling Unit and Classroom 319 was performed using the Dynasonics AIM software. Before acoustical attenuation,
the classroom was experiencing an NC-55. This is due to the short branch of duct that leads to the classroom, as
well as the high frequency noise of the air handling unit. Table 15 is extracted from manufacturer’s data of the air
handling unit [11]:

Table 15: Central AHU Acoustical Data

42 ton AHU Acoustics
63Hz | 125 Hz | 250 Hz | 500 Hz | 1 kHz | 2kHz | 4 kHz | 8 kHz
Discharge Duct | 87dB | 87dB [ 84dB |[86dB |80dB | 76dB | 72dB | 68 dB

By adding a 36” duct silencer to the Central AHU’s main supply duct, the NC rating was brought down to NC-30.
Table 16 organizes the sound power level data of Classroom 319 before and after the duct silencer was included in

the design.
Table 16: Classroom 319 Sound Attenuation Summary
Frequency (Hz) .
63 [ 125 | 250 [ 500 [ 1000 | 2000 | 4000 [ 8000 | Ne-Rating
Lp Classroom 319 Untreated (dBre: 20 yPa) | 53 | 55 | 51 57 |49 45 40 40 55
Approximate NC Rating 25 140 |45 |55 |50 50 45 45
Lp Classroom 319 Treated (dB re: 20 pyPa) 48 46 |35 |33 |27 28 25 25 30
Approximate NC Rating 20 |30 |25 |30 |25 30 30 30
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System Sizing

This section of the report details the sizing of the critical aspects of the mechanical systems and equipment. First,
the design method for sizing the combined displacement ventilation and chilled ceiling system (DV/CC) in the
classrooms is described. Next, the chiller and boiler sizing for the entire building is discussed.

Combined DV/CC System in Learning Areas

The combined DV/CC system in the classroom presented a challenge to the design due to the unconventional
system combination. Standardized design calculations for this system combination do not yet exist, so the process
our team undertook to design this system was created from information taken from multiple research documents,
notably “Designing a Dedicated Outdoor Air System...” by Jeong and Mumma, and “A Critical Review on the
Performance...” by Novoselac and Srebric [4,5].

The combined DV/CC system required strict design setpoint conditions to avoid condensation and uncomfortable
thermal plumes from the downward buoyancy effects of the chilled ceiling panels. Careful attention was paid to the
latent load in the classrooms and relative humidity of supply air. Since radiant chilled ceiling panels were selected for
the classrooms, the classrooms must have inoperable windows. The design team found this reasonable, however,
since the mechanical system is supplying 100% fresh outdoor air.

Displacement Ventilation Boundary Conditions

Since displacement ventilation supplies unmixed air at the occupied level, the supply air temperature must be
warmer than supply air in mixing conditions to maintain thermal comfort. Bauman and Daly suggest that air supply
from UFAD or DV systems stay between 63°F — 68°F [6]. Since the elementary school students that will occupy this
space form a lower occupied zone than adults, our design team was unwilling to drop the supply air temperature to
63°F, and will keep the supply temperature in the range of 65°F — 68°F.

Supply air velocity is also a limiting factor for the displacement ventilation system. To avoid drafts in the occupied
level, our design limited the face velocity of the supply air to 40 fom. In a typical 800 SF classroom with a 2’ x 6" DV
diffuser, this resulted in 480 CFM, or 0.6 CFM/SF. This 0.6 CFM/SF value was transferred to the all of the spaces for
cooling calculations.

Set Target Space Conditions and Chilled Ceiling Temperature

Conventional cooling setpoints are 75°F and 50%RH in the occupied space. This setpoint coincides with a dew point
temperature of around 55°F. So, the chilled ceiling temperature could go as low as 60°F. This ceiling temperature
was assumed and checked with the following calculation. For a conservative design, the latent load calculated for a
typical classroom on Page 5 was roughly doubled.

Supply conditions:

Supply Air: 480 CFM at 65°F DB, 50 grains/Ib
Latent load: 6000 btu/hr. (Roughly doubled from calculation on Page 5 for conservative design)

Bt
fsoooh—;J —0.68 x480CFM X AW

AW=18.4 grains/Ib
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Applying this AW on a psychrometric chart, the dew point of the air with doubled latent load conditions comes to
around 57°F — 58°F. Thus, a 60°F chilled ceiling temperature will work for the space, especially for normally expected
latent loads.

Determine DV Cooling Capacity, CC Cooling Requirement
From the displacement ventilation boundary conditions, air-side cooling can be calculated:
g =1.08 (480CFM)(75°F-65°F) =5184 btu/hr

Air-side cooling represents 25% of the peak sensible cooling required in the typical classroom. The rest of the
sensible cooling — 15,516 btu/hr — must be handled by the chilled ceiling panels.

Calculate Required Chilled Ceiling Capacity

Temperature stratification is expected to occur from the DV system. While the occupied setpoint temperature is 75°F,
the air temperature near the chilled ceiling panel is expected to be around 78°F. The chilled ceiling panel
temperature is set at 60°F, giving a AT of 18°F. Manufacturer’s data from the Price HVAC RPLA Radiant Panels lists
a performance of 36 btu/hr*square foot of panel for that temperature difference [7]. The size of the radiant chilled
ceiling panels can then be sized from the stated capacity and required cooling load:

btu
btu 36+~
15616 — = —1I

- SE x CHILLED CEILING AREA

CHILLED CEILING AREA = 431 SF (Between 50-60% of ceiling area)
This equation was applied to all spaces with the combined DV/CC system as shown on Pages 7-9 in the Mechanical

Supporting Documents. Additional ceiling panel area was added to make a more conservative design, and it was
decided that the ceiling panels would cover 70% of the ceiling area.

Combined DV/CC Design Summary:

In short, our classroom cooling and ventilating design can be summarized by the following bullet points:

= 100% outdoor air is supplied to the classrooms at floor level between the range of 65°-68°F at a rate of
0.6 CFM/SF.

= Displacement air handles 25% of the cooling load, while the chilled ceiling handles 75% of cooling load.
= Passive chilled ceiling panels are set at 60°F and cover 70% of the ceiling area.

The designed ventilation/cooling strategy resulted in a 29% decrease in annual cooling consumption compared to
the ASHRAE 90.1 2007 baseline model because cooling is applied directly to the classroom spaces and less air is
passed through the cooling coils. Refer to page 14 of this Mechanical Narrative for a full description of the 90.1
energy model baseline comparison.
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Chiller Sizing

Chilled water will be handled by two electric chillers of differing sizes and chilled supply temperatures, detailed in
Tables 7 and 8. Heat will be rejected from the chillers from air-cooled condensers on the roof of the school. Total
peak cooling load for the school design is 320 tons.

Chiller 1

Table 7: Chiller 1 supplies 45°F water to cooling coils in air handling units
Load Description Cooling Load (Tons)

AHU 1-West Cooling Coil 50

AHU 2-Central Cooling Coil 60

AHU 3-East Cooling Coil 40

AHU 4-Community Cooling Coll 50

AHU 5-Pool Cooling Coil 20

Misc. Refrig. Applications 20

Total 240

Chiller 2

Table 8: Chiller 2 supplies 60°F water to radiant chilled ceiling panels

Load Description Cooling Load (Tons) Basis of Design
Radiant Chilled Ceiling Panels | 80 Price HVAC Radiant Panels Series RPLA
Boiler Sizing

Heating will be handled by three natural gas hot water boilers of 900 MBH each. Staging will occur based on heating
demand load. Hot water return will be preheated by exhaust heat from the cogeneration sources in the school
design (discussed immediately following this section). Peak building heating loads are listed in Table 9.

Table 9: Peak building heating loads

Load Description Heating Load (MBH)
AHU 1-West Heating Coil 350

AHU 2-Central Heating Coil 430

AHU 3-East Heating Caoil 310

AHU 4-Community Heating Caoil 285

Pool Heating from Evaporation Losses 170

Radiant Heated Floor Slab 700

Misc. Heating Applications 400

Total 2700 (Approx.)

Coil sizes reported in the TRACE energy model were verified by the McQuay Psychrometric Analyzer, shown in
Figure 4.

| PSYCHROMETRIC ANALYZER Version 6.8 by McQuay International ‘

0 cfm exhaust
0 cfm exfiltration

Feb 05, 2013

10,828 cfm

Figure 4: Central cooling coil

g WO - e .
A -y ¥ Al 57.4 ton N sizing calculated with the McQuay

14.696 psia 28.1072 Btu/lb 689,272 Btuh 28.1072 Btullb ]

GIO P 0.009236 Ip{w)/Ib 278.21b/h at 18.1 Btu/lb 0.009236 Ib(w)/lb Psychr ometric Ana/yzer

13.67976 ftlb 10,828 13.67976 flb
,828 cfm o

10,828 ofm I B2.55°F wb

: (M (H) [ O, 55.2°F dp
OAT 82°F e <’ -
70 MAT: 82°F T SAT: 50°F 52.0°F
55.4 %RH 70.0°F wo 0.0b/h 49.55 20.5015 Btu/lb
33.91 Btullb 33.91 Btulb 200149 Btulb 13053190 oo o
0.012987 Ib(w)b  0.012967 Io(w)b 0 Btwh 0.007399 Ib(w)/lo Serible
13.94077 b 13.94077 ft¥hb 13.00217 ft¥lp
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Combined Heat and Power

The design team is presenting a combined heat and power design as an innovative way to meet the pool heating
requirements. The design is detailed below through the following page. The Reading School District has the

alternative to waive the pool and/or combined heat and power system from the design if the district does not have
the funding for either of these programs.

The school will employ the use of four natural gas microturbines each rated at 65kW to reduce the amount of

electricity consumed from the Reading electric grid. The exhaust heat from those microturbines will be utilized for
building heating loads, including the pool. Combined heat and power is viable in our school design because the
school has significant year-round heating loads, as shown in Table 10.

Table 10: Design Heating Loads Met by Combined Heat and Power

Heating Load

Peak Energy Requirement (MBH)

Seasonal Period

AHU Main Heating Coils

2134

Winter (heating mode)

AHU Reheat Coils

640

Summer (Cooling mode)

Pool Reheat

170

Year-Round

Apart from the school heating demands, CHP is made even more viable with the existence of the present office
building on-site and another Reading School District elementary school across the street from the school site.
Thermal or electric energy could be generated in the designed CHP plant and transported to those two other
locations in a district energy system.

Microturbine Efficiency and Capacity

Manufacturer catalogs claim each microturbine can reach 85% efficiency with the collection of exhaust heat [8].
However, this efficiency seems rather high for typical conditions. Our design team calculated our own assumed
microturbine efficiency for determining energy savings, shown in Table 11.

Table 11: Assumed Microturbine Efficiency. Basis of design for the microturbine model is Capstone Model C65.
Process Efficiency (% of Energy Input) | Notes

Electric Production 29% Per Capstone Microturbine product sheet

Collectable Exhaust Heat | 36% After electric conversion, our design team estimates we
will be able to recover half of the heat from the exhaust
gas (without installing a very large heat exchanger)
Assumed efficiency for energy savings calculations

Total 65%

Assumption of this overall microturbine efficiency results in the following CHP plant capacity.

Natural Gas Input: 3,068 MBH
Electric Power Generation: 260 kW
Collectible Exhaust Heat: 1,100MBH

Operation and Cost-Savings

The team created an hourly demand load model for a typical day in every month of the year, modeling both building
electric demand and heating demand. From that model, microturbine operation was assessed to determine a
preliminary schedule and run times for each of the four microturbines in the plant. Graphical representation of the
model is sampled in Figure 5 on the next page.
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Figure 5. January Weekday Daily Load Profile Matched with Cogeneration

Legend:

Blue = Electric demand

Red = Building heating demand

Green = Electric generation from microturbine
Purple = Waste heat from microturbine

Use of this program was beneficial in realizing the limitations of our CHP use. It was decided to operate the
microturbines only when both electric and heat demand are higher than microturbine output. Microturbines can then
be staged as building loads increase and decrease. It was found that electricity was the limiting factor for
microturbine operation during winter months, and heat was the limiting factor for summer months.

From these building load profiles and microturbine operation times, cost-savings of $50,000/year were predicted.
These gross savings were then analyzed in a 25-year life cycle cost comparison to the same mechanical system with
no CHP system. Refer to Page 19 of the Mechanical Supporting Documentation for information regarding the cost-
savings calculation and life-cycle cost. The results of the life-cycle cost are summarized below in Table 12, with the
CHP system resulting in a 10-year payback period assuming no governmental loans or grants are awarded to the
system (Grants and loans have been awarded to very similar CHP designs in the past) [9].

Table 12: CHP System Payback Period Analysis

Year Baseline NPV Design NPV Design Savings
0 $202,000.00 $530,500.00 -$328,500.00
1 $402,145.06 $688,613.21 -$286,468.15
2 $590,813.00 $837,743.00 -$246,929.99 Payback of CHP system WITHOUT
3 $768,643.05 $978,386.38 -$209,743.33 government grants or loans (shown left):
4 $938,005.00 $1,112,332.46 -$174,327.46
5 $1,099,302.10 $1,239,900.16 -$140,598.06
6 $1,254,519.69 $1,362,589.60 -$108,069.91 10 years
7 $1,403,871.01 $1,480,576.11 -$76,705.10
8 $1,549,015.22 $1,595,114.55 -$46,099.33 Payback of CHP system WITH government
9 $1,688,631.08 $1,705,232.28 -$16,601.20 ; A
0 $1824 233 35 $1812.074.86 B grant (see page 9 of Construction Narrative):
11 $1,954,633.03 $1,914,767.11 $39,865.92
12 $2,081,213.04 $2,014,354.80 $66,858.24 3.4 years
13 $2,202,903.45 $2,110,050.47 $92,852.98
14 $2,319,882.90 $2,201,998.97 $117,883.93
15 $2,433,356.33 $2,291,111.39 $142,244.94
16 $2,542,409.32 $2,376,714.85 $165,694.48
17 $2,647,205.57 $2,458,941.46 $188,264.11 Fuel escalation factors for lifecycle cost were
18 $2,748,794.85 $2,538,584.91 $210,209.94 “ ; ;
10 5.96.905 72 %5 61507050 e collected from NIST “Energy Price Indices
20 $2,940,157.75 $2,688,517.78 $251,639.97 and Discount Factors for Life-Cycle Cost
21 $3,030,225.15 $2,759,043.26 $271,181.90 Ana/ysis-207 17
22 $3,116,737.21 $2,826,758.46 $289,978.75
23 $3,199,828.28 $2,891,771.11 $308,057.17
24 $3,279,628.02 $2,954,185.05 $325,442.97
25 $3,356,895.44 $3,014,574.10 $342,321.33
|
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Energy Performance

Energy performance of our overall building design was modeled in Trane TRACE700. A baseline energy model was
constructed using Appendix G of ASHRAE Standard 90.1-2007 for comparison to our design. However, due to the
complexity of our system design, our team was not comfortable with some of the reported energy use values that
came from the software. Thus, the TRACE model was supplemented with some calculations performed outside the
software. The values that came from those outside calculations were replaced in the energy cost budget shown

below in Table 13 (in red).

Table 13: Energy Performance Comparison to ASHRAE Standard 90.1-2007 Baseline

Usage Type Energy Type | 90.1 Baseline VAV | Design DV/Radiant % Design Better than Baseline
Energy (10° Btu/Yr) | Energy (10° Btu/Yr)

Lighting Electricity 872.2 872.2

Space Heating Natural Gas 4543.4 3907.3

Space Cooling Electricity 996.0 698.4

Pumps Electricity 22.8 71.1

Heat Rejection Electricity 56.3 29.6

Fans Electricity 766.1 725.9

Receptacles Electricity 991.3 991.3

Pool Heating Natural Gas 253.4 253.4

Yearly Electric Cost* $ 130,697 $ 72,039

Yearly Natural Ga|s Cost* $ 42,920 $ 51,208

Total Annual Cost $ 173,617 $ 123,247 29.0 %

*Electricity priced at $0.12/kWh. Natural gas priced at $1.00/therm. Cogeneration savings based on schedule and efficiencies described later.

Space Heating Correction

The annual heating energy use value from the TRACE model was overly optimistic compared to the baseline model.
After hand calculation analysis of enthalpy changes across the heating coils and radiant slabs (of both design and
baseline case), it was found that our design was 14% more efficient than the baseline case.

Yearly Electric Cost Correction

The designed CHP system is predicted to save $50,000 annually in electric costs. Effects of the CHP system were
not modeled in TRACE, so the savings were deducted from the annual electric cost calculated in the energy model.

Yearly Electric Cost=$122,039-$50,000=$72,039

Yearly Natural Gas Cost Correction

While electricity costs were decreased from the CHP system, the natural gas consumption of our design is more than
the TRACE energy model prediction. The TRACE model assumed a boiler of 80% efficiency. Energy will be
collected from the natural gas microturbines at 65% efficiency. So, the natural gas consumption was multiplied by
the following factor:

0.8 Boiler Efficiency

Yearly Natural Gas Cost=%$41,607 x 0.5 NMicrolurbing Effciency

=$51,208
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.

Conclusions

The ASCE Charles Pankow Foundation Architectural Engineering Student Competition provided our design team the
opportunity to shape the future of the Reading community. By creating a learning space that is inviting, safe, and
efficient, our design team hopes to inspire the next generation of the Reading community.

The mechanical system enhanced the learning and community spaces by adhering to the project goals:

1. Build a better Reading community through construction and implementation of the school program
2. Design the elementary school to high-performance standards
3. Utilize an integrated design approach to maximize quality, efficiency, and value of the final built product

To match the varied functions that the facility offers, the mechanical system is separated into activity-specific areas:
Classrooms / Learning Areas, Community Areas, and Pool Area. This separation aligned with the various expected
occupancies of the facility, allowing efficient operation of the system. The Community Areas and Pool Area are
ventilated, heated, and cooled by an overhead mixing VAV system, while the Classrooms / Learning Areas are
ventilated by a 100% outdoor air displacement ventilation (DV) system. Space heating and cooling for the
Classrooms / Learning Areas is decoupled from ventilation loads, and is served through radiant heating floor slabs
and radiant chilled ceiling panels, respectively.

The displacement ventilation provides indoor air quality improvements. According to research by the EPA, improved
IAQ can positively affect academic performance, thus accomplishing a standard set by the first project goal. The
low-velocity displacement ventilation, as well as some additional acoustical attenuation will provide an NC-30 rating
or lower to all classroom spaces. These acoustical considerations are sensitive to the initiatives of the Collaborative
for High Performance Schools, which suggest that students are negatively affected by high background noise levels,
and therefore also meet the high performance standards set by the team in our second project goal [13].

The school will utilize three hot water boilers for heating demands, two chillers for cooling loads, and a combined
heat and power system run by four natural gas microturbines. The combined heat and power system was a result of
integration among all disciplines of the design team, and would not have been possible without transparency of
building loads and cost data early in the design stage. The overall mechanical system will be 29% more energy
efficient compared to the ASHRAE Standard 90.1 Baseline model, beating our third project goal of 20%.
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Title

Design Tools

ASHRAE 62.1 Calculations

Room Cooling Loads

Pool Evaporation

Water Use

Acoustics

LEED/EnergyStar

TRACE700 Systems

Energy Model Baseline Comparison

Combined Heat and Power

Description

A list of design tools that we used and a description of how
each of the tools aided in the design process.

Ventilation requirements were calculated with ASHRAE 62.1
2010. The calculations are broken up by air-handling unit.
AHU 1-3 are on the displacement ventilation system, while
AHU 4 is an overhead mixing distribution system. Thus, the
distribution factors vary for each AHU.

The room cooling loads were analyzed with respect to sizing
the chilled ceiling panels. Each room with a chilled ceiling
panel was analyzed to calculate both air-side and water-side
cooling capacity.

Evaporation losses from the pool surface were calculated
using an approach detailed in ASHRAE Applications Chapter
5.

Basic analysis of the school’s water consumption, and water
efficiency strategies that the design employs.

Further information on acoustical data for the school design.

A list of LEED credits that the design will apply for, as well as
a summary of the design’s EnergyStar score.

A systems summary of our energy model set up in Trane
TRACE700.

The building design energy model was compared to a
baseline model prescribed in Appendix G of ASHRAE
standard 90.1 2007.

Further information on the building’s combined heat and
power strategy. Included is life-cycle cost of the CHP
system, as well as information on how our team modeled the
energy consumption and savings of the system.
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Mechanical Sueeom’ng Documentation

Design Tools

The following software was used in our mechanical system design. The bullet points underneath each program
detail what functions that program was used for.

Autodesk REVIT 2013

=  BIM modeling — mechanical equipment, ductwork, and pipes

|| Wi s an s A

Trane TRACE700

= Energy modeling
= Load calculations
= ASHRAE 90.1 Appendix G baseline energy model comparison

Taco HVAC Design Solutions

= Hydronic system sizing and schematic visuals

Autodesk Green Building Studio

= Water use
= Energy model check

Trane TOPSS

= Mechanical equipment sizing — chillers, boilers

AIM Dynasonics Software

= Acoustical analysis
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ASHRAE 62.1 2010: AHU 1 - WEST
Equation 6-1 .
A cI;’etc()jple OAtrdea Occupant Br(;athing 'Iéableg-.Z Equzzi;lgg 6-2 2096 |
rea utdoor utdoor : one one Air 6 Increase .
Room Number Room Name ASHRAE 62.1 Occupancy A, Air Rate Air Rate Density Outdoor Distribution Oytdoor Outdoor Air Intake DeS|_gn Supply
Category P, . . Air Flow Air (CFM)
(sflzone) Rp Ra (#people) élr Flow Effectiveness V=V, JE, V,, (CFM)
(cfm/person) | (cfmi/sf) Vbz=RpPz+RAA; E. (CFM/unit)
(CFM)
200 LOBBY Lobby 1870.00 5.00 0.06 20.00 212.20 1.2 176.83 229.88 1122
201 CORRIDOR Corridor 975.00 0.00 0.06 0.00 58.50 1.2 48.75 63.38 585
202 PLANNING/CONFERENCE Conference/meeting 540.00 5.00 0.06 15.00 107.40 1.2 89.50 116.35 324
203 GIRLS Corridor 170.00 0.00 0.06 0.00 10.20 1.2 8.50 11.05 102
204 CUSTODIAN Storage, dry 61.00 5.00 0.06 1.00 8.66 1.2 7.22 9.38 37
205 BOYS Corridor 150.00 0.00 0.06 0.00 9.00 1.2 7.50 9.75 90
206 I.D.F. Computer (not printing) 100.00 5.00 0.06 1.00 11.00 1.2 9.17 11.92 60
207 ASSISTANT PRINCIPAL Office space 155.00 5.00 0.06 2.00 19.30 1.2 16.08 20.91 93
208 LIBRARY Media center 1900.00 10.00 0.12 50.00 728.00 1.2 606.67 788.67 1140
209 LIBRARY SUPPORT Media center 390.00 10.00 0.12 4.00 86.80 1.2 72.33 94.03 234
211 KILN ROOM Art classroom 40.00 10.00 0.18 1.00 17.20 1.2 14.33 18.63 24
212 ART CLASSROOM Art classroom 1115.00 10.00 0.18 27.00 470.70 1.2 392.25 509.93 669
213 FACULTY DINING Cafeteria/fast-food dining 535.00 7.50 0.18 10.00 171.30 1.2 142.75 185.58 321
227 CLASSROOM-K Classroom 1000.00 10.00 0.12 20.00 320.00 1.2 266.67 346.67 600
237 CLOSET Storage, dry 15.00 5.00 0.06 1.00 5.90 1.2 4.92 6.39 9
300 LOBBY Lobby 1850.00 5.00 0.06 20.00 211.00 1.2 175.83 228.58 1110
301 CORRIDOR Corridor 970.00 0.00 0.06 0.00 58.20 1.2 48.50 63.05 582
302 PSYCH. OFFICE Office space 100.00 5.00 0.06 2.00 16.00 1.2 13.33 17.33 60
303 CONFERENCE Conference/meeting 185.00 5.00 0.06 6.00 41.10 1.2 34.25 44,53 111
304 1.S.T. Computer (not printing) 230.00 5.00 0.06 0.00 13.80 1.2 11.50 14.95 138
305 GIRLS Corridor 170.00 0.00 0.06 0.00 10.20 1.2 8.50 11.05 102
306 CUSTODIAN Storage, dry 60.00 5.00 0.06 1.00 8.60 1.2 7.17 9.32 36
307 BOYS Corridor 150.00 0.00 0.06 0.00 9.00 1.2 7.50 9.75 90
308 I.D.F. Computer (not printing) 100.00 5.00 0.06 0.00 6.00 1.2 5.00 6.50 60
309 GUIDANCE Office space 155.00 5.00 0.06 2.00 19.30 1.2 16.08 20.91 93
310 CLASSROOM Classroom 830.00 10.00 0.12 27.00 369.60 1.2 308.00 400.40 498
311 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 12 305.00 396.50 480
312 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 480
313 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 480
314 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 480
329 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 12 305.00 396.50 480
203A ENTRY Corridor 60.00 0.00 0.06 0.00 3.60 1.2 3.00 3.90 36
205A ENTRY Corridor 35.00 0.00 0.06 0.00 2.10 1.2 1.75 2.28 21
227A TOILET Corridor 40.00 0.00 0.06 0.00 2.40 1.2 2.00 2.60 24
305A ENTRY Corridor 60.00 0.00 0.06 0.00 3.60 1.2 3.00 3.90 36
307A ENTRY Corridor 35.00 0.00 0.06 0.00 2.10 1.2 1.75 2.28 21
[Total 18,046.00 345.00 4,842.76 4,035.63 5,246.32 10,827.60
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ASHRAE 62.1 2010: AHU 2 - CENTRAL

Equation 6-1

People Area Breathing Table 6-2 Equation 6-2 30% Increase
Area Outdoor Outdoor Occup.ant Zone Zone Air zone Uncorrected .
Room Number Room Name ASHRAE 62.1 Occupancy A, Air Rate Air Rate Density Outdoor Distribution Oytdoor Outdoor Air DeS|_gn Supply
Category P, . . Air Flow Air (CFM)
(sf/zone) Rp Ra (#people) élr Flow Effectiveness V=V, /E, Intake V,,
(cfm/person) |  (cfm/sf) Vbz=RpPz+RAA; E. (CFMlunit) (CFM)
(CFM)
134 CLASSROOM Classroom 814.00 10.00 0.12 33.00 427.68 1.2 356.40 463.32 463
135 CLASSROOM Classroom 815.00 10.00 0.12 33.00 427.80 1.2 356.50 463.45 463
136 CLASSROOM Classroom 817.00 10.00 0.12 33.00 428.04 1.2 356.70 463.71 464
137 INSTRUCT STORAGE Storage, dry 253.00 5.00 0.06 1.00 20.18 1.2 16.82 21.86 22
138 TOILET Corridor 65.00 0.00 0.06 0.00 3.90 1.2 3.25 4.23 4
141 CLASSROOM Classroom 822.00 10.00 0.12 33.00 428.64 1.2 357.20 464.36 464
142 CLASSROOM Classroom 812.00 10.00 0.12 33.00 427.44 1.2 356.20 463.06 463
143 CLASSROOM Classroom 816.00 10.00 0.12 33.00 427.92 1.2 356.60 463.58 464
144 CLASSROOM Classroom 821.00 10.00 0.12 33.00 428.52 1.2 357.10 464.23 464
149 CORRIDOR Corridor 1575.00 0.00 0.06 0.00 94.50 1.2 78.75 102.38 102
214 CORRIDOR Corridor 650.00 0.00 0.06 0.00 39.00 1.2 32.50 42.25 42
216 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
217 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
218 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
219 TEACHER WORKROOM Office space 240.00 5.00 0.06 6.00 44.40 1.2 37.00 48.10 48
220 CORRIDOR Corridor 50.00 0.00 0.06 0.00 3.00 1.2 2.50 3.25 3
221 TOILET Corridor 70.00 0.00 0.06 0.00 4.20 1.2 3.50 4.55 5
223 CLASSROOM-K Classroom 1000.00 10.00 0.12 20.00 320.00 1.2 266.67 346.67 347
223A TOILET Corridor 45.00 0.00 0.06 0.00 2.70 1.2 2.25 2.93 3
224 CLASSROOM-K Classroom 990.00 10.00 0.12 20.00 318.80 1.2 265.67 345.37 345
224A TOILET Corridor 45.00 0.00 0.06 0.00 2.70 1.2 2.25 2.93 3
225 CLASSROOM-K Classroom 1000.00 10.00 0.12 20.00 320.00 1.2 266.67 346.67 347
225A TOILET Corridor 45.00 0.00 0.06 0.00 2.70 1.2 2.25 2.93 3
226 CLASSROOM-K Classroom 1000.00 10.00 0.12 20.00 320.00 1.2 266.67 346.67 347
226A TOILET Corridor 40.00 0.00 0.06 0.00 2.40 1.2 2.00 2.60 3
315 CORRIDOR Corridor 500.00 0.00 0.06 0.00 30.00 1.2 25.00 32.50 33
317 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
318 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
319 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
321 INSTRUCT. STORAGE / ELEC. CLOSET Storage, dry 240.00 5.00 0.06 1.00 19.40 1.2 16.17 21.02 21
322 TOILET Corridor 70.00 0.00 0.06 0.00 4.20 1.2 3.50 4.55 5
325 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
326 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
327 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397
328 SPECIAL EDUCATION Classroom 800.00 10.00 0.12 18.00 276.00 1.2 230.00 299.00 299
[Total 21,595.00 580.00 8,118.12 6,765.10 8,794.63 8,794.63
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ASHRAE 62.1 2010: AHU 3 - EAST

Equation 6-1 Equation 6-2
People Area Breathing Table 6-2 30% Increase
Area Outdoor Outdoor Occup'ant Zone Zone Air zone Uncorrected .
Room Number Room Name ASHRAE 62.1 Occupancy A, Air Rate Air Rate Density Outdoor Distribution Qutdoor Outdoor Air De5|.gn Supply
Category P, . B Air Flow Air (CFM)
(sf/zone) R, R. Air Flow Effectiveness . Intake V,,
(#people) _ Vor=Vh/E,
(cfm/person) |  (cfm/sf) Vb=RpP:+RAA, E, (CFM/unit) (CFM)
(CFM)

140 SPECIAL ED Classroom 988.00 10.00 0.12 25.00 368.56 12 307.13 399.27 399
140A TOILET Corridor 70.00 0.00 0.06 0.00 4.20 1.2 3.50 4.55 5
146A ENTRY Corridor 46.00 0.00 0.06 0.00 2.76 1.2 2.30 2.99 3

146 BOYS Corridor 114.00 0.00 0.06 0.00 6.84 1.2 5.70 7.41 7

147 CUSTODIAN Storage, dry 65.00 5.00 0.06 1.00 8.90 1.2 7.42 9.64 10

148 GIRLS Corridor 114.00 0.00 0.06 0.00 6.84 1.2 5.70 7.41 7
148A ENTRY Corridor 51.00 0.00 0.06 0.00 3.06 1.2 2.55 3.32 3

150 CORRIDOR Corridor 479.00 0.00 0.06 0.00 28.74 1.2 23.95 31.14 31

151 CONFERENCE Conference/meeting 211.00 5.00 0.06 8.00 52.66 1.2 43.88 57.05 57

152 SECURITY Office space 70.00 5.00 0.06 1.00 9.20 1.2 7.67 9.97 10

153 CORRIDOR Corridor 555.00 0.00 0.06 0.00 33.30 1.2 27.75 36.08 36

154 CORRIDOR Corridor 561.00 0.00 0.06 0.00 33.66 1.2 28.05 36.47 36

155 CLASSROOM Classroom 817.00 10.00 0.12 32.00 418.04 12 348.37 452.88 453

157 MAINTENANCE Storage, dry 206.00 5.00 0.06 1.00 17.36 1.2 14.47 18.81 19

158 I.D.F. Computer (not printing) 67.00 5.00 0.06 0.00 4.02 1.2 3.35 4.36 4

159 CLASSROOM Classroom 822.00 10.00 0.12 32.00 418.64 1.2 348.87 453.53 454

160 CLASSROOM Classroom 822.00 10.00 0.12 32.00 418.64 12 348.87 453.53 454

161 CONFERENCE Conference/meeting 84.00 5.00 0.06 5.00 30.04 1.2 25.03 32.54 33

215 CORRIDOR Corridor 1060.00 0.00 0.06 0.00 63.60 1.2 53.00 68.90 69

222 SPECIAL EDUCATION Classroom 987.00 10.00 0.12 18.00 298.44 1.2 248.70 323.31 323
222A TOILET Corridor 70.00 0.00 0.06 0.00 4.20 1.2 3.50 4.55 5

228 BOYS Corridor 115.00 0.00 0.06 0.00 6.90 1.2 5.75 7.48 7
228A ENTRY Corridor 45.00 0.00 0.06 0.00 2.70 1.2 2.25 2.93 3

229 CUSTODIAN Storage, dry 65.00 5.00 0.06 1.00 8.90 1.2 7.42 9.64 10

230 GIRLS Corridor 115.00 0.00 0.06 0.00 6.90 1.2 5.75 7.48 7
230A ENTRY Corridor 50.00 0.00 0.06 0.00 3.00 1.2 2.50 3.25 3

231 CORRIDOR Corridor 170.00 0.00 0.06 0.00 10.20 1.2 8.50 11.05 11

232 CORRIDOR Corridor 530.00 0.00 0.06 0.00 31.80 1.2 26.50 34.45 34

233 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397

234 CLASSROM-K Classroom 1050.00 10.00 0.12 20.00 326.00 1.2 271.67 353.17 353
234A TOILET Corridor 50.00 0.00 0.06 1.00 3.00 1.2 2.50 3.25 3

235 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397

236 CLASSROOM Classroom 800.00 10.00 0.12 27.00 366.00 1.2 305.00 396.50 397

316 CORRIDOR Corridor 1000.00 0.00 0.06 0.00 60.00 1.2 50.00 65.00 65
324A TOILET Corridor 71.00 0.00 0.06 0.00 4.26 1.2 3.55 4.62 5

330 BOYS Corridor 90.00 0.00 0.06 0.00 5.40 1.2 4.50 5.85 6
330A ENTRY Corridor 40.00 0.00 0.06 0.00 2.40 1.2 2.00 2.60 3

331 CUSTODIAN Storage, dry 20.00 5.00 0.06 1.00 6.20 1.2 5.17 6.72 7

332 GIRLS Corridor 90.00 0.00 0.06 0.00 5.40 1.2 4.50 5.85 6
332A ENTRY Corridor 40.00 0.00 0.06 0.00 2.40 1.2 2.00 2.60 3

333 CORRIDOR Corridor 125.00 0.00 0.06 0.00 7.50 1.2 6.25 8.13 8

324 SPECIAL EDUCATION Classroom 990.00 10.00 0.12 18.00 298.80 1.2 249.00 323.70 324

|Tota| 15,315.00 277.00 4,121.46 3,434.55 4,464.92 4,464.92
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ASHRAE 62.1 2010: AHU 4 - COMMUNITY

Equation 6-1 . . Equation 6-6 .
People Area Occupant greathing Table 6-2 Equ;ggg 62| 3006 Increase Pﬁ(r)nn;y Eq;re:}tr:qo;:—s Table63 | _ .o U?wcorrected quul?:;oono(r%—S
ASHRAE 62.1 Area Oytdoor Ogtdoor Density Zone _Zor?e A.|r outdoor Uncorrecte_d Air outdoor Sy;ter_n Peak Outdoor Air Minimum
Room Number Room Name Occupancy A, Air Rate Air Rate Outdoor Distribution . Outdoor Air ) Ventilation ; Air Design OA
Category (sf/zone) R, Ra P Air Flow Effectiveness A|r_FIow Intake V,, Flow Alr. Efficiency Population Intake Irltake Intake
(cfm/person) | (cfm/sf) (#people) Vp=R,P+RA, E, Vo=V EZ (CFM) Vpz Fr_aCt'O” E, Ps Ve, Vor=Vou/Ey
(CFM) (CFM/unit) (CFM) Zy=VoiVp, (CFM) (CFM/zone)
101 LOBBY Corridor 748.00 0.00 0.06 0.00 44.88 0.8 56.10 72.93 146 0.50 0.6 0.00 56.10 93.50 94
103 CORRIDOR Corridor 1470.00 0.00 0.06 0.00 88.20 0.8 110.25 143.33 287 0.50 0.6 0.00 110.25 183.75 184
105 STAGE Multi-use assembly 1099.00 7.50 0.06 30.00 290.94 0.8 363.68 472.78 946 0.50 0.6 30.00 472.78 787.96 788
106 STORAGE Storage, dry 213.00 5.00 0.06 1.00 17.78 0.8 22.23 28.89 58 0.50 0.6 1.00 28.89 48.15 48
107 RAMP (BACKSTAGE) Multi-use assembly 261.00 7.50 0.06 1.00 23.16 0.8 28.95 37.64 75 0.50 0.6 1.00 37.64 62.73 63
108 PRINCIPAL OFFICE Office space 239.00 5.00 0.06 2.00 24.34 0.8 30.43 39.55 79 0.50 0.6 2.00 30.43 50.71 51
109 CLERICAL Reception area 340.00 5.00 0.06 4.00 40.40 0.8 50.50 65.65 131 0.50 0.6 4.00 50.50 84.17 84
110 RECEPETION Reception area 234.00 5.00 0.06 7.00 49.04 0.8 61.30 79.69 159 0.50 0.6 7.00 61.30 102.17 102
111 COMMUNITY OFFICE Conference/meeting 149.00 5.00 0.06 8.00 48.94 0.8 61.18 79.53 159 0.50 0.6 8.00 61.18 101.96 102
112 TOILET Corridor 69.00 0.00 0.06 0.00 4.14 0.8 5.18 6.73 13 0.50 0.6 0.00 5.18 8.63 9
113 WORKROOM Office space 299.00 5.00 0.06 2.00 27.94 0.8 34.93 45.40 91 0.50 0.6 2.00 34.93 58.21 58
114 CORRIDOR Corridor 232.00 0.00 0.06 0.00 13.92 0.8 17.40 22.62 45 0.50 0.6 0.00 17.40 29.00 29
115 GIRLS Corridor 171.00 0.00 0.06 0.00 10.26 0.8 12.83 16.67 33 0.50 0.6 0.00 12.83 21.38 21
116 CUSTODIAN Storage, dry 61.00 5.00 0.06 1.00 8.66 0.8 10.83 14.07 28 0.50 0.6 1.00 10.83 18.04 18
117 BOYS Corridor 146.00 0.00 0.06 0.00 8.76 0.8 10.95 14.24 28 0.50 0.6 0.00 10.95 18.25 18
118 MDF Computer (not printing) 103.00 5.00 0.06 1.00 11.18 0.8 13.98 18.17 36 0.50 0.6 1.00 13.98 23.29 23
119 TREATING/WAITING Waiting 325.00 5.00 0.06 8.00 59.50 0.8 74.38 96.69 193 0.50 0.6 8.00 74.38 123.96 124
120 OFFICE Office space 100.00 5.00 0.06 1.00 11.00 0.8 13.75 17.88 36 0.50 0.6 1.00 13.75 22.92 23
121 EXAM Daycare sickroom 109.00 10.00 0.18 5.00 69.62 0.8 87.03 113.13 226 0.50 0.6 5.00 87.03 145.04 145
122 COTS Daycare sickroom 209.00 10.00 0.18 5.00 87.62 0.8 109.53 142.38 285 0.50 0.6 5.00 109.53 182.54 183
123 TOILET Corridor 83.00 0.00 0.06 0.00 4.98 0.8 6.23 8.09 16 0.50 0.6 0.00 6.23 10.38 10
124 P.E. OFFICE/STORAGE Storage, dry 409.00 5.00 0.06 1.00 29.54 0.8 36.93 48.00 96 0.50 0.6 1.00 36.93 61.54 62
125 TRASH Storage, dry 153.00 5.00 0.06 1.00 14.18 0.8 17.73 23.04 46 0.50 0.6 1.00 23.04 38.40 38
126 LOCKERS Corridor 78.00 0.00 0.06 0.00 4.68 0.8 5.85 7.61 15 0.50 0.6 0.00 7.61 12.68 13
127 SHOWER Corridor 104.00 0.00 0.06 0.00 6.24 0.8 7.80 10.14 20 0.50 0.6 0.00 10.14 16.90 17
128 CORRIDOR Corridor 229.00 0.00 0.06 0.00 13.74 0.8 17.18 22.33 45 0.50 0.6 0.00 22.33 37.21 37
129 OFFICE Office space 76.00 5.00 0.06 1.00 9.56 0.8 11.95 15.54 31 0.50 0.6 1.00 15.54 25.89 26
130 STORAGE Storage, dry 125.00 5.00 0.06 1.00 12.50 0.8 15.63 20.31 41 0.50 0.6 1.00 20.31 33.85 34
132 KITCHEN Kitchen (cooking) 1648.00 7.50 0.12 35.00 460.26 0.8 575.33 747.92 1496 0.50 0.6 35.00 747.92 1246.54 1247
133 TABLE/CHAIR STORAGE Storage, dry 423.00 5.00 0.06 1.00 30.38 0.8 37.98 49.37 99 0.50 0.6 1.00 49.37 82.28 82
145 SGI/COMMUNITY ROOM Conference/meeting 835.00 5.00 0.06 40.00 250.10 0.8 312.63 406.41 813 0.50 0.6 40.00 312.63 521.04 521
104A MULTIPURPOSE Multi-use assembly 2986.00 7.50 0.06 200.00 1679.16 0.8 2098.95 2728.64] 5457 0.50 0.6  200.00 2728.64 4547.73 4548
104B MULTIPURPOSE Multi-use assembly 2985.00 7.50 0.06 200.00 1679.10 0.8 2098.88 2728.54 5457 0.50 0.6 200.00 2728.54 4547.56 4548
115A ENTRY Corridor 34.00 0.00 0.06 0.00 2.04 0.8 2.55 3.32 7 0.50 0.6 0.00 2.55 4.25 4
117A ENTRY Corridor 34.00 0.00 0.06 0.00 2.04 0.8 2.55 3.32 7 0.50 0.6 0.00 2.55 4.25 4
POOL CORRIDOR Corridor 3600.00 0.00 0.06 0.00 216.00 0.8 270.00 351.00 702 0.50 0.6 0.00 351.00 585.00 585
POOL GIRLS Corridor 600.00 0.00 0.06 0.00 36.00 0.8 45.00 58.50 117 0.50 0.6 0.00 58.50 97.50 98
POOL BOYS Corridor 500.00 0.00 0.06 0.00 30.00 0.8 37.50 48.75 98 0.50 0.6 0.00 48.75 81.25 81
|Tota| 21,479.00 556.00 5,420.78 6,775.98 8,808.77 17,617.54 556.00 8,472.36 14,120.59 14,120.59
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AHU 1 - WEST Cooling Loads

Air-Side Cooling

Radiant Ceiling Cooling

Room Number Room Name ASHRAE 62.1 Occupancy A:a Internal Cooling Load Set Point Airflow per Area| Total Airflow Supply Airflow Air-side Cooling Capacity Fraction.of Ceiling With Radiant Ceiling Panel Coggﬂgngipaicég of Total Coolir\g Capacity of Capacity Meets Load?
Category (sfizone) (Btu/hr) Temperature (F) (CFMISF) (CFM) Temperature (F) (Btu/hr) Radiant Panels Area (SF) (BTH/HRISF Panel) Radiant Ceiling (BTU/HR)
200 LOBBY Lobby 1870.00 6677.00 75.00 0.6 1122.00 65.00 12117.6 0.00 0.00 YES
201 CORRIDOR Corridor 975.00 2662.00 75.00 0.6 585.00 65.00 6318 0.00 0.00 YES
202 PLANNING/CONFERENCE Conference/meeting 540.00 14227.00 75.00 0.6 324.00 65.00 3499.2 0.70 378.00 38.00 14364.00 YES
203 GIRLS Corridor 170.00 595.00 75.00 0.6 102.00 65.00 1101.6 0.00 0.00 YES
204 CUSTODIAN Storage, dry 61.00 167.00 75.00 0.6 36.60 65.00 395.28 0.00 0.00 YES
205 BOYS Corridor 150.00 410.00 75.00 0.6 90.00 65.00 972 0.00 0.00 YES
206 I.D.F. Computer (not printing) 100.00 273.00 75.00 0.6 60.00 65.00 648 0.00 0.00 YES
207 ASSISTANT PRINCIPAL Office space 155.00 3266.00 75.00 0.6 93.00 65.00 1004.4 0.70 108.50 38.00 4123.00 YES
208 LIBRARY Media center 1900.00 54250.00 75.00 0.6 1140.00 65.00 12312 0.70 1330.00 38.00 50540.00 YES
209 LIBRARY SUPPORT Media center 390.00 8130.00 75.00 0.6 234.00 65.00 2527.2 0.70 273.00 38.00 10374.00 YES
211 KILN ROOM Art classroom 40.00 109.00 75.00 0.6 24.00 65.00 259.2 0.00 0.00 YES
212 ART CLASSROOM Art classroom 1115.00 32497.00 75.00 0.6 669.00 65.00 7225.2 0.70 780.50 38.00 29659.00 YES
213 FACULTY DINING Cafeteria/fast-food dining 535.00 10194.00 75.00 0.6 321.00 65.00 3466.8 0.70 374.50 38.00 14231.00 YES
227 CLASSROOM-K Classroom 1000.00 31046.00 75.00 0.6 600.00 65.00 6480 0.70 700.00 38.00 26600.00 YES
237 CLOSET Storage, dry 15.00 41.00 75.00 0.6 9.00 65.00 97.2 0.00 0.00 YES
300 LOBBY Lobby 1850.00 9789.00 75.00 0.6 1110.00 65.00 11988 0.00 0.00 YES
301 CORRIDOR Corridor 970.00 6179.00 75.00 0.6 582.00 65.00 6285.6 0.00 0.00 YES
302 PSYCH. OFFICE Office space 100.00 2941.00 75.00 0.6 60.00 65.00 648 0.70 70.00 38.00 2660.00 YES
303 CONFERENCE Conference/meeting 185.00 6071.00 75.00 0.6 111.00 65.00 1198.8 0.70 129.50 38.00 4921.00 YES
304 |.S.T. Computer (not printing) 230.00 3246.00 75.00 0.6 138.00 65.00 1490.4 0.70 161.00 38.00 6118.00 YES
305 GIRLS Corridor 170.00 821.00 75.00 0.6 102.00 65.00 1101.6 0.00 0.00 YES
306 CUSTODIAN Storage, dry 60.00 292.00 75.00 0.6 36.00 65.00 388.8 0.00 0.00 YES
307 BOYS Corridor 150.00 661.00 75.00 0.6 90.00 65.00 972 0.00 0.00 YES
308 I.D.F. Computer (not printing) 100.00 440.00 75.00 0.6 60.00 65.00 648 0.00 0.00 YES
309 GUIDANCE Office space 155.00 3510.00 75.00 0.6 93.00 65.00 1004.4 0.70 108.50 38.00 4123.00 YES
310 CLASSROOM Classroom 830.00 25595.00 75.00 0.6 498.00 65.00 5378.4 0.70 581.00 38.00 22078.00 YES
311 CLASSROOM Classroom 800.00 24631.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00 YES
312 CLASSROOM Classroom 800.00 24631.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00 YES
313 CLASSROOM Classroom 800.00 24631.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00 YES
314 CLASSROOM Classroom 800.00 24631.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00 YES
329 CLASSROOM Classroom 800.00 24631.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00 YES
203A ENTRY Corridor 60.00 288.00 75.00 0.6 36.00 65.00 388.8 0.00 0.00 YES
205A ENTRY Corridor 35.00 100.00 75.00 0.6 21.00 65.00 226.8 0.00 0.00 YES
227A TOILET Corridor 40.00 100.00 75.00 0.6 24.00 65.00 259.2 0.00 0.00 YES
305A ENTRY Corridor 60.00 346.00 75.00 0.6 36.00 65.00 388.8 0.00 0.00 YES
307A ENTRY Corridor 35.00 155.00 75.00 0.6 21.00 65.00 226.8 0.00 0.00 MES
[Total 18,046.00 10,827.60 2,340.00 11.90 7,794.50 0.00
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AHU 2 - CENTRAL Cooling Loads

Air-Side Cooling

Radiant Ceiling Cooling

Area

Cooling Capacity of

Room Number Room Name ASHRAE 62.1 Occupancy A, Internal Cooling Load Set Point Airflow per Total Airflow Supply Airflow Air-side Cooling Capacity FAractionlof Ceiling [Radiant Ceiling Panel Ceiling Panels Tote}l Coolipg Capacity of Capacity Meets Load?
Category (sfizone) (Btu/hr) Temperature (F) | Area (CFM/SF) (CFM) Temperature (F) (Btu/hr) With Radiant Panels Area (SF) (BTH/HRISF Panel) Radiant Ceiling (BTU/HR)
134 CLASSROOM Classroom 814.00 26926.00 75.00 0.6 488.40 65.00 5274.72 0.70 569.80 38.00 21652.40 YES
135 CLASSROOM Classroom 815.00 26926.00 75.00 0.6 489.00 65.00 5281.2 0.70 570.50 38.00 21679.00] YES
136 CLASSROOM Classroom 817.00 26926.00 75.00 0.6 490.20 65.00 5294.16 0.70 571.90 38.00 21732.20 YES
137 INSTRUCT STORAGE Storage, dry 253.00 822.00 75.00 0.6 151.80 65.00 1639.44 0.00 0.00] YES
138 TOILET Corridor 65.00 366.00 75.00 0.6 39.00 65.00 421.2 0.00 0.00] YES
141 CLASSROOM Classroom 822.00 25732.00 75.00 0.6 493.20 65.00 5326.56 0.70 575.40 38.00 21865.20 YES
142 CLASSROOM Classroom 812.00 25732.00 75.00 0.6 487.20 65.00 5261.76 0.70 568.40 38.00 21599.20 YES
143 CLASSROOM Classroom 816.00 25732.00 75.00 0.6 489.60 65.00 5287.68 0.70 571.20 38.00 21705.60] YES
144 CLASSROOM Classroom 821.00 25732.00 75.00 0.6 492.60 65.00 5320.08 0.70 574.70 38.00 21838.60 YES
149 CORRIDOR Corridor 1575.00 8882.00 75.00 0.6 945.00 65.00 10206 0.00 0.00] YES
214 CORRIDOR Corridor 650.00 3666.00 75.00 0.6 390.00 65.00 4212 0.00 0.00] YES
216 CLASSROOM Classroom 800.00 26422.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
217 CLASSROOM Classroom 800.00 26422.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
218 CLASSROOM Classroom 800.00 26422.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
219 TEACHER WORKROOM Office space 240.00 6762.00 75.00 0.6 144.00 65.00 1555.2 0.70 168.00 38.00 6384.00 YES
220 CORRIDOR Corridor 50.00 282.00 75.00 0.6 30.00 65.00 324 0.00 0.00] YES
221 TOILET Corridor 70.00 395.00 75.00 0.6 42.00 65.00 453.6 0.00 0.00] YES
223 CLASSROOM-K Classroom 1000.00 22853.00 75.00 0.6 600.00 65.00 6480 0.70 700.00 38.00 26600.00] YES
223A TOILET Corridor 45.00 254.00 75.00 0.6 27.00 65.00 291.6 0.00 0.00] YES
224 CLASSROOM-K Classroom 990.00 28808.00 75.00 0.6 594.00 65.00 6415.2 0.70 693.00 38.00 26334.00 YES
224A TOILET Corridor 45.00 254.00 75.00 0.6 27.00 65.00 291.6 0.00 0.00] YES
225 CLASSROOM-K Classroom 1000.00 29058.00 75.00 0.6 600.00 65.00 6480 0.70 700.00 38.00 26600.00] YES
225A TOILET Corridor 45.00 254.00 75.00 0.6 27.00 65.00 291.6 0.00 0.00] YES
226 CLASSROOM-K Classroom 1000.00 29058.00 75.00 0.6 600.00 65.00 6480 0.70 700.00 38.00 26600.00] YES
226A TOILET Corridor 40.00 225.00 75.00 0.6 24.00 65.00 259.2 0.00 0.00] YES
315 CORRIDOR Corridor 500.00 2201.00 75.00 0.6 300.00 65.00 3240 0.00 0.00] YES
317 CLASSROOM Classroom 800.00 26422.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
318 CLASSROOM Classroom 800.00 26422.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
319 CLASSROOM Classroom 800.00 26422.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
321 INSTRUCT. STORAGE / ELEC. ( Storage, dry 240.00 1094.00 75.00 0.6 144.00 65.00 1555.2 0.00 0.00] YES
322 TOILET Corridor 70.00 308.00 75.00 0.6 42.00 65.00 453.6 0.00 0.00] YES
325 CLASSROOM Classroom 800.00 24415.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
326 CLASSROOM Classroom 800.00 26320.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
327 CLASSROOM Classroom 800.00 26320.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES
328 SPECIAL EDUCATION Classroom 800.00 21820.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00 YES
|T0tal 21,595.00 12,957.00 2,275.00 15.40 12,562.90 0.00
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AHU 3 - EAST Cooling Loads

Air-Side Cooling

Radiant Ceiling Cooling

Area

Cooling Capacity of

Room Number Room Name ASHRAE 62.1 Occupancy A, Internal Cooling Load Set Point Airflow per Total Airflow Supply Airflow Air-side Cooling Capacity FAractionlof Ceiling [Radiant Ceiling Panel Ceiling Panels Tote}l Coolipg Capacity of Capacity Meets Load?
Category (sfizone) (Btu/hr) Temperature (F) | Area (CFM/SF) (CFM) Temperature (F) (Btu/hr) With Radiant Panels Area (SF) (BTH/HRISF Panel) Radiant Ceiling (BTU/HR)

140 SPECIAL EDUCATION Classroom 988.00 29498.00 75.00 0.6 592.80 65.00 6402.24 0.70 691.60 38.00 26280.80 YES
140A TOILET Corridor 70.00 395.00 75.00 0.6 42.00 65.00 453.6 0.00 38.00 0.00] YES
146A ENTRY Corridor 46.00 287.00 75.00 0.6 27.60 65.00 298.08 0.00 38.00 0.00] YES

146 BOYS Corridor 114.00 643.00 75.00 0.6 68.40 65.00 738.72 0.00 38.00 0.00] YES

147 CUSTODIAN Storage, dry 65.00 366.00 75.00 0.6 39.00 65.00 421.2 0.00 38.00 0.00] YES

148 GIRLS Corridor 114.00 643.00 75.00 0.6 68.40 65.00 738.72 0.00 38.00 0.00] YES
148A ENTRY Corridor 51.00 287.00 75.00 0.6 30.60 65.00 330.48 0.00 38.00 0.00] YES

150 CORRIDOR Corridor 479.00 2701.00 75.00 0.6 287.40 65.00 3103.92 0.00 38.00 0.00] YES

151 CONFERENCE Conference/meeting 211.00 6312.00 75.00 0.6 126.60 65.00 1367.28 0.70 147.70 38.00 5612.60 YES

152 SECURITY Office space 70.00 1765.00 75.00 0.6 42.00 65.00 453.6 0.70 49.00 38.00 1862.00] YES

153 CORRIDOR Corridor 555.00 1943.00 75.00 0.6 333.00 65.00 3596.4 0.00 38.00 0.00] YES

154 CORRIDOR Corridor 561.00 4768.00 75.00 0.8 448.80 65.00 4847.04 0.00 38.00 0.00] YES

155 CLASSROOM Classroom 817.00 26309.00 75.00 0.6 490.20 65.00 5294.16 0.70 571.90 38.00 21732.20 YES

157 MAINTENANCE Storage, dry 206.00 732.00 75.00 0.6 123.60 65.00 1334.88 0.00 38.00 0.00] YES

158 I.D.F. Computer (not printing) 67.00 183.00 75.00 0.6 40.20 65.00 434.16 0.00 38.00 0.00] YES

159 CLASSROOM Classroom 822.00 26309.00 75.00 0.6 493.20 65.00 5326.56 0.70 575.40 38.00 21865.20 YES

160 CLASSROOM Classroom 822.00 26309.00 75.00 0.6 493.20 65.00 5326.56 0.70 575.40 38.00 21865.20 YES

161 CONFERENCE Conference/meeting 84.00 1917.00 75.00 0.6 50.40 65.00 544.32 0.70 58.80 38.00 2234.40 YES

215 CORRIDOR Corridor 1060.00 5743.00 75.00 0.6 636.00 65.00 6868.8 0.00 38.00 0.00] YES

222 SPECIAL EDUCATION Classroom 990.00 26547.00 75.00 0.6 594.00 65.00 6415.2 0.70 693.00 38.00 26334.00 YES
222A TOILET Corridor 70.00 191.00 75.00 0.6 42.00 65.00 453.6 0.00 38.00 0.00] YES

228 BOYS Corridor 115.00 314.00 75.00 0.6 69.00 65.00 745.2 0.00 38.00 0.00] YES
228A ENTRY Corridor 45.00 123.00 75.00 0.6 27.00 65.00 291.6 0.00 38.00 0.00] YES

229 CUSTODIAN Storage, dry 65.00 177.00 75.00 0.6 39.00 65.00 421.2 0.00 38.00 0.00] YES

230 GIRLS Corridor 115.00 314.00 75.00 0.6 69.00 65.00 745.2 0.00 38.00 0.00] YES
230A ENTRY Corridor 50.00 137.00 75.00 0.6 30.00 65.00 324 0.00 38.00 0.00] YES

231 CORRIDOR Corridor 170.00 1093.00 75.00 0.6 102.00 65.00 1101.6 0.00 38.00 0.00] YES

232 CORRIDOR Corridor 530.00 3362.00 75.00 0.6 318.00 65.00 3434.4 0.00 38.00 0.00] YES

233 CLASSROOM Classroom 800.00 26309.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES

234 CLASSROM-K Classroom 1050.00 32896.00 75.00 0.6 630.00 65.00 6804 0.70 735.00 38.00 27930.00] YES
234A TOILET Corridor 50.00 137.00 75.00 0.6 30.00 65.00 324 0.00 38.00 0.00] YES

235 CLASSROOM Classroom 800.00 26364.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES

236 CLASSROOM Classroom 800.00 26364.00 75.00 0.6 480.00 65.00 5184 0.70 560.00 38.00 21280.00] YES

316 CORRIDOR Corridor 1000.00 5543.00 75.00 0.6 600.00 65.00 6480 0.00 38.00 0.00] YES
324A TOILET Corridor 71.00 313.00 75.00 0.6 42.60 65.00 460.08 0.00 38.00 0.00] YES

330 BOYS Corridor 90.00 397.00 75.00 0.6 54.00 65.00 583.2 0.00 38.00 0.00] YES
330A ENTRY Corridor 40.00 176.00 75.00 0.6 24.00 65.00 259.2 0.00 38.00 0.00] YES

331 CUSTODIAN Storage, dry 20.00 88.00 75.00 0.6 12.00 65.00 129.6 0.00 38.00 0.00] YES

332 GIRLS Corridor 90.00 397.00 75.00 0.6 54.00 65.00 583.2 0.00 38.00 0.00] YES
332A ENTRY Corridor 40.00 176.00 75.00 0.6 24.00 65.00 259.2 0.00 38.00 0.00] YES

333 CORRIDOR Corridor 125.00 754.00 75.00 0.6 75.00 65.00 810 0.00 38.00 0.00] YES

324 SPECIAL EDUCATION Classroom 990.00 25628.00 75.00 0.6 594.00 65.00 6415.2 0.70 693.00 38.00 26334.00 YES

|T0tal 15,318.00 9,303.00 2,730.00 9.10 6,470.80 0.00

Page 9




Mechanical Sueeom’ng Documentation

Pool Evaporation

From ASHRAE Applications Chapter 5:

Load Estimation

Loads for a natatorium include heat gains and losses from outdoor air, lighting, walls, roof, and glass. Internal latent loads are
generally from people and evaporation. Evaporation loads in pools and spas are significant relative to other load elements and
may vary widely depending on pool features, areas of water and wet deck, water temperature, and activity level in the pool.

Evaporation. The rate of evaporation can be estimated from empirical Equation (1). This equation is valid for pools at normal
activity levels, allowing for splashing and a limited area of wetted deck. Other pool uses may have more or less evaporation
(Smith et al. 1993).

W, = % (P~ P)O5 +0.425 V) ()

where

W, = evaporation of water, Ib/h

A = area of pool surface, ft*

¥'= latent heat required to change water to vapor at surface water temperature, Btu/lb
p.= saturation vapor pressure taken at surface water temperature, in. Hg

p. = saturation pressure at room air dew point, in. Hg

V= air velocity over water surface, fpm

Units for the constant 95 are Btu/(h - ft* - in. Hg). Units for the constant 0.425 are Btu * min/(h - ft - in. Ha).
For the designed pool:

A = ~4000 SF
Y = 900 btu/lb
P, = 1.04 inHg
P, = 0.745inHg
V = 30 fpm

Substituting into eq (1):

W, = 141.27 Io/hr

Finally,

_ o bty _ bty
q=141.27 2 x 11502 =162,500
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Mechanical Su,o,oort/ng Documentation

School Water Consumption

A basic analysis of water consumption was calculated through the use of Green Building Studio. The program can
calculate the water consumption based on building square footage or fixtures may be inputted manually. The
following fixture schedule is based on the building’s current state. The shower count may increase with the demands

of the pool.

Fixture Schedule

Fixture Total Male Female
Toilets 59 15 44
Urinals 9 9

Sinks 85 42 43
Showers 10 4 6

The next table details the elementary school’s water usage assuming standard flow fixtures and typical outdoor
irrigation.

Water Usage with Standard Fixtures

Total 2,531,700 Galfyr | $15,333/yr
Indoor 2,514,600 Gal/yr $15,289/yr
Outdoor 17,100 Gal/yr $44/yr

Net Utility | 2,531,700 Galfyr | $15,333/yr

By introducing low-flow fixtures, water efficiency increases by 16%, totaling to a $2,447 annual cost savings.

Fixture Schedule Efficiency Savings

Fixture Total | Male | Female | Efficiency | % of Indoor Usage Gallyr Annual Cost Savings

Toilets 59 15 44 Low-Flow | 9.6% 242,015 | $1,471

Urinals 9 9 Low-Flow | 4.8% 120,410 | $732

Sinks 85 42 43 Low-Flow | 1.1% 28,779 | $175

Showers | 10 4 6 Low-Flow | 0.4% 11,230 | $68
Total Efficiency Savings | 16% 402,434 | $2,447

Water Usage with Low-Flow Fixtures

Total 2,129,266 Gallyr | $12,886/yr

Indoor 2,112,166 Gal/yr $12,842/yr

QOutdoor 17,100 Gal/yr $44/yr

Net Utility 2,129,266 Gal/yr $12,886/yr

Waterless urinals and hands-free sinks introduce an opportunity for greater efficiencies.

Fixture Schedule Efficiency Savings
Fixture Total | Male | Female | Efficiency % of Indoor Usage Gal/yr Annual Cost Savings
Toilets 59 15 44 Low-Flow 9.6% 242,015 | $1,471
Urinals 9 9 Waterless 9.6% 240,820 | $1,464
Sinks 85 42 43 Hands-Free | 1.2% 29,163 | $177
Showers | 10 4 6 Low-Flow 0.4% 11,230 | $68
Total Efficiency Savings | 20.8% 523,228 | $3,181
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Mechanical Sueeom’ng Documentation

Water Usage with Hands-Free and Waterless Fixtures

Total 2,008,472 Galfyr | $12,152/yr
Indoor 1,991,372 Gal/yr $12,108/yr
QOutdoor 17,100 Gal/yr $44/yr

Net Utility 2,008,472 Galfyr | $12,152/yr

A rainwater harvesting system will provide environmental and economic benefits. A preliminary study was conducted
to anticipate the annual catchment volume of a rainwater harvesting system with varying surface types. In this
particular study, the catchment area is noted to be 7,811 square feet, which is the roof area above the gymnasium.
We understand that this area has potential to increase.

Net-Zero Measures Net-Zero Savings
Annual Rainfall | Catchment Area | Surface Type Gallyr Annual Cost
Savings
Rainwater Harvesting | 44.821in 7,811 Gravel/Tar 174,578 | $454
Rainwater Harvesting | 44.82in 7,811 Concrete/Asphalt | 196,400 | $511
Rainwater Harvesting | 44.821in 7,811 Metal 207,311 $539

The above tables will provide a competent comparison of systems to organize a cost analysis that will be pertinent in
choosing the best fixtures and net-zero systems in terms of water usage.

ASCE Charles Pankow Foundation Architectural Engineering Student Competition Mechanical | 12
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Mechanical Supporting Documentation

Acoustics

The Central Air Handling Unit, highlighted in orange, threatens the acoustical integrity of Classroom 319, as
explained on Page 16 of the Mechanical Narrative. The figure below summarizes the duct route traced from the
Central Air Handling Unit to Classroom 319. The area highlighted in yellow will be the location of the duct silencer,
which is necessary to ensure a reasonable classroom NC-rating.

P

The following graph summarizes the decrease in sound préssure level once the duct run to Classroom 319 was
treated with the aforementioned silencer.

SPL of Classroom 319 Before and After
Attenuation and Corresponding NC-
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Mechanical Sueeort/ng Documentation
LEED Certification

The proposed design is applying for LEED Gold certification under the LEED 2009 for Schools New Construction and
Major Renovations.

Sustainable Sites 15/ 24

While the building site posed challenges to our team with respect to construction logistics and security, the urban
setting of the site allowed us to claim many of the credits in the Sustainable Sites category. The proposed green
roof, rainwater collection, and local vegetation plan also helped us claim credits in this category.

Credit 1 Site Selection 1 Point
Credit 2 Development Density and Community Connectivity 4 Points
Credit 3 Brownfield Redevelopment 1 Point
Credit 4.1 Alternative Transportation — Public Transportation Access 4 Points
Credit 4.2 Alternative Transportation — Bicycle Storage and Changing Rooms 1 Point
Credit 6.1 Stormwater Design — Quantity Control 1 Point
Credit 6.2 Stormwater Design — Quality Control 1 Point
Credit 7.2 Heat Island Effect — Roof 1 Point
Credit 10 Joint Use of Facilities 1 Point

Water Efficiency 8/11

The points claimed in the Water Efficiency section are due to the green roof, rainwater collection, and low-flow
plumbing fixtures designed in our school.

Credit 1 Water Efficient Landscaping Option 2 4 Points
Credit 2 Innovative Wastewater Technologies 2 Points
Credit 3 Water Use Reduction — 30% Reduction 2 Points

Energy and Atmosphere 15/33

The majority of the points we are claiming in Energy and Atmosphere stem from the efficiencies of our system and
equipment selection and our cogeneration plant. A commissioning plan will also be established to claim the points
in Enhanced Commissioning and Measurement and Verification.

Credit 1 Optimize Energy Performance — 30% Improvement 10 Points
Credit 3 Enhanced Commissioning 2 Points
Credit 4 Enhanced Refrigerant Management 1 Point
Credit 5 Measurement and Verification 2 Points

Materials and Resources 5/13

An enhanced construction waste recycling plan and use of recycled and local materials constitute the majority of the
points in this category.

Credit 2 Construction Waste Management — 50% Recycled or Salvaged 1 Point
Credit 4 Recycled Content — 10% of Content 1 Point
Credit 5 Regional Materials — 20% of Materials 2 Points
Credit 7 Certified Wood 1 Point

ASCE Charles Pankow Foundation Architectural Engineering Student Competition Mechanical | 14
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Mechanical Sueeort/ng Documentation

Indoor Environmental Quality 16/19

Indoor Environmental Quality was a large factor in our design. Many of the points in this category are claimed from
the increased indoor air and thermal quality of the mechanical system.

Credit 2 Increased Ventilation 1 Point
Credit 3.1 Construction IAQ Management Plan — During Construction 1 Point
Credit 4 Low-Emitting Materials 4 Points
Credit 5 Indoor Chemical and Pollutant Source Control 1 Point
Credit 6.1 Controllability of Systems — Lighting 1 Point
Credit 6.2 Controllability of Systems — Thermal Comfort 1 Point
Credit 7.1 Thermal Comfort — Design 1 Point
Credit 7.2 Thermal Comfort — Verification 1 Point
Credit 8.1 Daylight and Views — Daylight — 90% of Classrooms 2 Points
Credit 9 Enhanced Acoustical Performance 1 Point
Credit 10 Mold Prevention 1 Point

Innovation and Design Process 2/6

Our team will be applying for an innovation in design through use of the cogeneration plant. We are claiming that the
waste heat from the cogeneration plant will be able to heat the pool, the largest energy consumer in our building.
Credit 1.1 Innovation in Design: Efficient Pool Heating Strategy 1 Point

Credit 3 The School as a Teaching Tool 1 Point

EnergyStar Performance Rating

The elementary school design will apply for an EnergyStar Performance Rating of 85.

Energy Design Median Building
Energy Performance Rating 85 50

Energy Reduction 32% 0%

Source Energy Use Intensity 107 kBtu/SF/year 159 kBtu/SF/year
Site Energy Use Intensity 58 kBtu/SF/year 85 kBtu/SF/year
Total Annual Source Energy 10,745076 kBtu 15,862,880 kBtu
Total Annual Site Energy 5,775,500 kBtu 8,526,330 kBtu
Total Annual Cost $102,894 $151,902
Pollution Emissions

CO2 Equivalent Emissions 488 Metric tons/year 721 Metric tons/year
CO2 Equivalent Reduction 32% 0%
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Mechanical Supporting Documentation

System Checksums
By ACADEMIC
1-West Displacement Ventilation wi/ Passive Chilled Beams
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Pezked at Time: MoMr: 7/15 MoMr: 7715 MoMr: Heating Design Cooling  Heating
Qutsice Air: OADEME/MR: 88/72/94 QADE: 88 OADE: 9 SADE 650 70.0
: Ra Plenum 750 70.0
e Het Percent | Space Percent Space Peac Coil Peak  Percent | | Return 793 70.0
Sens.+Lat.  Sens.+Lat Total  ©f Total - Sensible  Of Total - Space Sens Tot Sens  Of Total | | RetiOA 624 483
Bluf Btuh Buh %) Ba ) B Buh %) || FnmuTD 01 0.0
Envelope Loads Envelope Loads Fn BIATD 01 00
Sioylite Solar (] o o 1} 0. 0 Skie bl o 0.00 | | Fn Frict 03 0o
Skylite Cond 0 0 0 0 0 0 Skylte Cond ] 0 000
Roof Cond 14,134 0 14,134 3 10,654 8  RoofCond =16,274 -16,278 361
Glags Solar 0 48,322 10 8,521 72 Solar 1 o 0.00 AIRFLOWS
GlassMoor Cond 8,260 713 8,973 rH 5298 4. "Gls/Door Cond 50512 S0512 1A Cooling  Heating
Wal Cond 5,084 1.408 6,502 1 2974 2: WallCond 12400 -12400 275
Partition/Door 0 ] :H ] 0 Parttion/Door 3 0 0po ||Diffuser 10828 10,828
52482 52,482 00 52,485 43.  Floor 26,181 26,181 581 | | Terminal 10828 10,828
Adjacent Floor 0 0 0 0 0°  Adjacent Floor ] [} 0 | | Main Fan 10828 10628
Infitraticn 0 o o 0 Infiltration ] 0 000 ||SecFan 0 0
Sub Total==> 3,327 2121 25,448 ] 44,366 36 SubTolal==> 105,371 105371 2339 | | Mom vent 1088 7218
: : AHU Vent ngE 728
internal Loads : £ Incomel Loads Infi 0 [
Lights 12,058 52,208 266 13 9,995 B Lighs ] 0 000 | |MinStopRh 0 0
Pecple 141,087 5913 147,000 29 69,435 570 Peogle ] 0 000 | |Return 10828 10828
Mise BB4TE 5,960 74,438 15 70,235 57  Misc 4 0 000 | |Exhaust 1088 7218
Sub Tota]me> 221624 54,080 285,704 148,664 122 - | Sub Tolal ==> 7 (] 000 || Rm Exh o o
. 1 Auxiliary 17,667 0
Celling Load 0 0 o 0 Load bl o 0.00 | | Leakage Dwn o L]
Ventilation Load () 0 185,876 0 0 Ventilation Load ] 245968 5450 | |Leakage Ups 0 0
Ad] Alr Trans Heat 0 0 0 0 Ad AlrTrans Heat b 0 ]
Dehumid. Ov Sizing 0 vilindr Sizing ] 0 000
OvUndr Sizing 0 0 71,218 56 - Exhaust Heat 0 000 ENGINEERING CKS
Exhaust Heat 51413 51,413 | OA Preheat DIfT. 84850 1879
Sup. Fan Heat 5454 | RA Preheat DifT. -38,334 851 Cooling  Heating
Ret. Fan Heat 0 0 Additicnal Reheat 0 000||%0A 100.0 66.7
Duct Heat Pkup 0 0 cfmie 060 0.60
Underfir Sup Ht Pkup 50,036 Undertr Sup Ht Pkup 23735 527 || efmiton 36169
Supply Alr Leakage o ] : Supply Alr Leakage 0.00 || remon 60331
: Btwhrn 1989 -19.13
Grand Total ==> 244,951 14,768 501,105 100.00° 122812 100.00° Grand Total == 105,371 450,588 100.00 || No. People 284
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capaclty  Sens Cap. Coll Alflow  Enter DEMWEVHR Leave DEWEMHR Gross Total Glass Capacity Coll Alflow  Ent  Lvg
ten MER MEh - FOF g L MEBR dm F°F
Main Clg 09 3568 1838 10828 821 700 628 603 603 738 || Floor 18,046 Main Htg -913 10828 603 680
Aux Clg 157 1879 18789 27058 750 625 658 687 603 659 || Part [ Wux Hig 2204 0 10 00
Opt Vent 0.0 00 00 0 00 00 00 00 00 30| wtDoor 0 Preheat 2538 10828 B0 603
ExFIr 0
Total 456 5468 Roof BBES 0 0 | Humidf 00 0 00 00
Wall BB 2757 31 | (Opt Vent o0 0 00 00
Ext Door 0 0 0 | |Total 5658
High Schoal TRACE® 700 v6.2.8 08:25 PM 3
Dataset Name:  SCHEMATIC MODEL.TRC Alternative - 2 System Checksums Report Page 5 of 10
System Checksums
By ACADEMIC
2 - Central Displacement Vientilation w/ Passive Chilled Beams
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time: MoMr: 7715 . MoMr7/15 - MaMr: Heating Design Cooling  Heating
Quiside Ar: CADBAMVEB/MR: 8817294 : CADB: 88 i OADB: 8 SADB 650 700
: ; Ra Plenum 750 700
Space Plenum Net  Percent Space  Percent - Space Peak Coll Peak  Percent | | Return B9 700
Sens. +Lal.  Sens +La Total  Of Total - Sensible  ©f Total - Space Sms Tot Sens  Of Total | | RetiOA 827 488
Blufi Blumh Buh ) Bt ) Btah Buh (%) | | FnMrTD 02 00
Envelope Loads § Envelope Loads Fn BIATD 05 00
Skylite Solar 0 ' 0 0 0 0 Skite Solar 0 0 000 FnFrict 14 0.0
Skylite Cond 0 0 0 0 0 Skyite Cond 1] 0 oo
Roof Cond 10,720 A 10,720 1 3,366 2 | ResfCand -11.730 11730 219
Gass Solar 795 o 35,795 5 62 Solar o 0 0.00 AIRFLOWS
GagsiDoor Cond 10,005 845 10,850 1 13,069 9 "Glss/Door Cond 53,105 -53,225 985 Cooll Heating
Wal Cond 3,548 1,107 4754 1 147 0 WalCond 1023 0623 198 2o
PartitionDoar 0 0 0: [] 0: Patition/Door [ 0 0D || DéMuser y 12,960
Flaar 62,824 62,824 8 62,826 42 Floor 3137 31,337 586 | | Terminal 1296) 12,960
Adgacent Floor 0 0 o [ 0:  Adacent Floor 1] [ 0| | Main Fan 12960 12960
ion 0 0 0: 0 0 Infitration 0 0 000 SecFan 3 0
Sub Total === 2656 1852 -T05 o 19,841 13 Sub Tolal==> -106,816 -106816  19.99 | | Nom Vent 12,881 8,640
: : AHU Vent 1298) 8,640
Internal Loads ; 3 Intamal Landa Infi ) 0
Lights 15,904 59,460 85,364 n: 16019 1: Ligts [ o 0.00 | | MinStop/Rh a o
Peaple 278,284 11,318 789,600 8- 137,551 92 Peple 0 0 000 Return 12960 12,960
Misc 112,243 A, 121,887 16: 115,863 78 Misc 0 0 000 Exhaust 1296) B840
Sub Total==> 405431 80200 496,631 66 268433 181 | Sud Tofal==> 0 0 000 RmExh 3 o
/ 4 ; Auxiliary 24,317 0
Ceiling Load ] 0 0 0 o Load 0 0 000 Leakage Dwn 3 0
Ventilation Load a [} 238128 a2: a 0 Ventilation Load 0 -304.850 5686 | | Leakage Ups L] 0
Ad) Alr Trans Heat 0 0 0 (] 0 AdjAr Trans Heat 0 0 0
Detumid. Ov Sizng 0 0 _ OviUndr Sizing 0 [T
OwUndr Sizi 0 0 0: 140,091 -54 - Exhawst Heat o 000
Exhaust Heat | 83851 -83,851 -1 © OA Preneat DI, 98538 1842 ENGINEERING €S
Sup. Fan Heat 20,568 a: © RA Preheat Dift 53,787 1006 Cooling  Heating
Ret. Fan Heat 15,360 15,360 2: Additonal Reheat 0 000 |%0A 1000 68.7
Duct Heat Pkup [] 0 0: 4 et 060 0.60
Underfir Sup Hi Pkup 60,559 8. - Underir Sup Ht Pkup 29072 -544 | | cfmton 31003
‘Supply Alr Leakige L] o 0: © Suppy Air Leakage o 0.00 | | nron 51672
. 2 Biwhr-ft* nn 198
Grand Total ==> 403,774 23,860 756890  100.00° 149,184 100.00 * Grand Total === ~106,816 -534818 10000 | Mo. People 582
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capaclty  Sens Cap. Coll Aiflow  Enter DE/NB/HR Leave DBIWBHR, Gross Tatal Capacity CollAlflow  Ent  Lvg
ton MER MEn ¢fm  F F gib FOCF ob L) MEh cm  F CF
Main Clg 418 5016 2269 12960 827 704 937 587 587 751 (| Floor 21,600 Main Hig 41323 12,960 587 68.0
Aux Clg 264 3166 3168 43084 750 625 658 683 601 659 || Part 0 lAux Hig 2683 0 00 00
Opt Vent 0.0 o0 00 o 00 00 00 00 00  0.0|| IntDoor ] Prenheat <2956 12960 379 587
ExFlr 0
Total 682 8183 Rool 6410 0 0 | Humidif 0o 0 00 00
Wall 8130 2805 35 | (OptVent 00 0 00 00
Ext Door 0 0 0 | |Totat 6962
ProjectName:  High-Performance Elementary Schoal TRACE® 700 v6.2.8 calculated at 09:25 PM en 02/04/2013
Dataset Name: SCHEMATIC MODELTRC Altemative - 2 System Checksums Repor: Page 6 of 10
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System Checksums
By ACADEMIC
3-East Displacement Ventilation w/ Passive Chilled Beams
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time: MoMr: 7115 MoMr8/10 MoMr: Feating Design Cooling  Heating
Cutside Alr: CADBAVEMR: 8872194 OADE: 73 ; OADB: 9 saDE 650 00
: : Ra Plenum 750 00
Space Plenum Net Percent Space Percent | Space Peak Coll Peak  Percent || Return 802 0o
Sens.+Lat.  Sens. +Lat Total  Of Total Sensible O Total - Bpace Sens Tot Sens Of Total | | ReUOA 823 486
Bluf Buh AWBuh ) (o ) § _Buh Btufh %) | | FnhurTD 02 00
Envelope Loads giL 1 EnvelopeLoads FnBITD 05 00
Skyite Solar 0 o 0 0 0 0  SkyiteSolar 0 0 000 FnFrict 14 00
Siyfite Cond 0 0 0 9 0 | Skylte Zond f © 0 000
Roof Cond. 10,744 0 10,744 2 6.149 6 RoofCend 12,1980 -12198 293
Glags Selar 92,029 v 82,029 17 141,553 134 5 Selar Tl 0 000 AIRFLOWS
BT 848 6,465 iz 1,803 2: Glass/Moor Cond 57,144 457,144 1373 Cooling  Meating
Wall Cond 7,800 1,741 8,541 2: 7.1 7. Wall Cend -18,356 -19,356 485 i
Partiion/Door [ ] 0 [ 0 PariiowDoor ] 0 000 || Diftuser 2104 p104
Floor 44,564 44,564 -8 44,567 420 Floor -22.230 -22230 534 || Teminal B184 9,194
Adjacent Floor o [} [ 0 o 0! Adjacent Floor [ o o | Main Fan w184 9184
Infilration 0 0 LB 0 0°  Infitratisn 0 0 000 | SecFan 0 0
Sub Total ==> 74,628 2589 77,215 14 112,648 107 Sub Toial==> 110,928 10,828 2684 | | Nom Vent 8184 G120
: : AHU Vent 0194 5,128
Internal Loads ] ; Intemal Loads Infi 0 0
Lights 9,728 42,362 52,089 10: 9,369 9:  Lights 0 0 000 | MinStopRh 0 0
Pecple 125,768 5363 131,192 24 61,075 58 Peaple 0 0 000 Return 8184 9194
Misc 56,302 5,067 61,458 1 58,027 550  Misc (i 0 000 | Exhaust 8184 6129
Sub Total==> 19817 B2 244739 48 128471 122 | Sub Towl=> o 0 000 ||RmExh 0 0
4 4 Auiliary 25,495 0
Ceiling Load (] 0 F o 0 0 (] 0 0 000 | Leakage Dwn 0 0
Ventilation Load [} 0 194,568 36 0 0 Ventilation Load Q S2EN1E 5191 | | Leakage Ups 0 0
Adj Air Trans Heat o 2 0 o o 0 Ad) Alr Trans Heat ] o ]
Dehumid. Ov Sizing 0 0 _ OviUndr Sizing 0 0 00
OviUndr Slzing 0 0 0: 35487 128 Exhaust Feat 0 000 ENGINEERING CKS
Exhaust Heat 52567 -52,567 -10: © A Prehest DI, 0518 1694
Sup. Fan Heat 20,876 4: RA Preheat DI, -37,541 802 Cooling  Healing
Ret. Fan Heat 10896 10,696 2% Additional Reheat 0 000| %OA 100.0 @7
Duct Heat Phup [ 0 0: efmne 060 060
Underfir Sup Ht Pugp 41118 8: Underfir Sup Ht Pkup 18782 451 | efmton 388
Supply Alr Leakage [ ] 0: Supply Alr Leakage o 0.00 | | fe'ton 519.75
] J Btuhr’ 08 1983
Grand Total ==» 266,542 13,741 537.344  100.00° 105632 10000 * Grawnd Total ==> 110928 416324 10000 | | No. People 266
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capacity  Sens Cap. Alrflow Enter Leave Gross Total Glass ‘Capacity C Ent Lvg
ton MBh MBh ‘P grib ‘F O grib I3 ‘F
Main Clg 05 2538 1559 9134 B13 607 923 580 582 727|| Floor 15323 Main Htg -538 9184 568 681
Aux Clg 193 2314 2311 313950 750 625 659 688 603 659 | Pant 0 Aux Hig 2238 0 00 00
Opt Vent 00 00 00 0 00 00 00 00 00 00| intDoor 0 Preheat 2215 9184 379 589
ExFir 0
Total 87 5848 Roof & 0 0 | Humiar 00 0 00 00
wall 12378 3118 25 | OptVent 00 0 00 00
Ext Door [ ] 0 | Totar 5289
ProjectMame:  High-Performance Elementary Schoal TRACES 700 v6.2.8 calculated at 09:25 PM on 0200412013
Dataset Name:  SCHEMATIC MODEL.TRC Altemative - 2 System Checksums Report Page 7 of 10
System Checksums
By ACADEMIC
4 - Community Variable Volume Reheat (30% Min Flow Default)
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Tene: MoMr: 9715 MaMr. 8715 MoMr. Heating Design Coaling  Heatng
Outside Air: CADEAVBMR: 82/63/59 OADB: B2 OADB: § SADB 538 738
] . Ra Plenum 750 0
] Plenum Net  Percent - Space Percent . Space Peak Coll Peak Percent | | Return 80.0 70
Sens. #Lal.  Sens +Lat Total  ©Of Total - Sensible  Of Total - Space Sens Tot Sers Of Total | | RetioA 800 0
Budy Bt Buh e Bl ) | i _ Bt Bah (%) | | FooserTD 02 00
Envelope Loads F Envelope Loads - Fn BIATD 0s 0g
Shyfite Solar 0 [ 0 0 [ 0 Skyite 0 0 000 ||Fnfrict 14 00
Skylite Cond o o o [ [} 0 Skyite Cond o 0 o
Roof Cond 8,114 L] 8114 1 8,114 2 RoofCond 14,053 14,053 483
Glags Solar 2 o 50.912 8 58,912 (14 | Glass Solar 0 0 0.00 AIRFLOWS
GlassDoor Cond 4128 0 4.128 1 4128 9 [ GlassyDoor Cond 30194 29184 1374 cootng  Hen
Wal Cond 6578 0 6578 1 6578 2: Wal Cord 16,118 SIB118 585 1778 10743
Parttion/Daor 0 0 0 0 0 ParttionDoor 0 0 Qo || DifMuser ¥ 0
Floar 0 0 0 0 0 Floor 0 0 000 || Terminal 17738 10743
Adjacent Floor 0 ] [ 0 0 0 Adjacert Floor 0 0 0 | | Main Fan 17758 10743
Infitration 0 [ [ 0 0 Infitration 0 0 000 ||SecFan 0 ]
Sub Total wa> 79,73 0 7873 1 79,731 19 Sub Tofsf==> 69,364 89364 2433 | | Nom Vent 0 0
: : AHU Vent 0 0
Internal Loads : Infil [ 0
Lights 19.127 76507 95634 13 19127 0 0 000 | MinStopRR 10743 10743
Pecple 343,000 0 343,000 47: 171,500 0 0 000 || Return 17,758 10743
Mise 101,093 [ 101,093 14° 101,083 o 0 000 || Exhaust 0 [
Suly Total ==> 463,220 6,507 5sa8.727 5 anan o [} 0,00 | (RmExh 0 0
J ; 4 1 Ausdliary 0 0
Ceiling Load 0 0 o o [ 0 0 000 || Leakage Dwn [ 0
o ] 0 o a 0 0 000 || Leakage Ups 0 °
Ad) Alr Trans Heal 0 0 o 0 0 0 o
Dehumid, Ov Sizing 0 Ll ' 1 10
QviUndr Sizing 42321 42321 [ 42321 [T ENGINEERING CKS
Exhaust Heat (] [ 0 0 0m
Sup. Fan Heat 40,514 ' 0 0.00 Coaling  Heatng
Ret. Fan Heat 21,008 21,048 3 -215781 7568 || % OA 00 0.0
Duct Heat Pup 0 0 0 efme 082 037
Underfir Sup Mt Prup 0 0: 0 000 || ctmiton 20450
Supply Alr Leakage ] 0 0 0 000 || renon 479.01
X Bluhe-n* 2505 g8
Grand Total ==> 585,272 97,553 723338 100.00 413772 10000 ° Grand Total == 69,363 285154 100.00 | | Mo. People 385
COOLING COIL SELECTION AREAS HEATING COIL SELECTION
Total Capacity  Sens Cap. Coll Alflow  Enter [ Gross Total Glass Capacity Coll Alflow  Ent Lvg
ton MEh MEh ctm oo ‘FOF o L") MBh cm  F°F
Main Clg 03 7233 5518 17,758 BOO 842 659 517 501  520|| Floer 28874 Hig 2852 10743 517 758
Aux Clg [ T] oo oo o 00 00 [ T] 00 00 00| Part o Hig oo o o0 00
Opt Vent (1] 0o 00 0 00 00 00 00 00 00| IntDoor [ 00 0 00 00
Exfir [ 2158 10743 517 700
Total 03 7233 Roof 7679 0 0 it 0o 0 00 00
Wall B745 2138 4 Vent 0o o 00 00
Ext Door ] 0 0 | |Totat 2852
ProjectName:  High-Performance Elementary Schoal TRACES 700 v6.2.8 calculated at 09:25 PM on 02042013
DatasetName:  SCHEMATIC MODELTRC Aternative - 2 System Checksums Report Page 8of 10
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Energy Cost Budget / PRM Summary
By ACADEMIC

Project Name: High-Performance Elementary School

‘ Date: February 04, 2013

City: Reading, Pennsylvania

Weather Data: Reading, Pennsylvania

Note: The percentage displayed for the "Proposed/ Base %"
column of the base case is actually the percentage of the

total energy consumption.

* Alt-1 Baseline VAV

Alt-2 UNITUS Design

Proposed Proposed
* Denotes the base alternative for the ECB study. f:f;ggt {’Base J & Enfrgy iBase Peak
ulyr . % kBtuh 1026 Btulyr = % kBtuh
Lighting - Conditioned Electricity 869.8 1" 323 872.2 100 324
Space Heating Electricity 14.9 0 2 26.3 176 3
Gas 4,038.6 50 1,999 2,513.9 62 1,474
Space Cooling Electricity 996.0 12 1,226 698.4 70 529
Pumps Electricity 22.8 0 42 711 311 23
Heat Rejection Electricity 56.3 1 76 29.6 53 43
Fans - Conditioned Electricity 766.1 10 292 725.9 95 142
Receptacles - Conditioned Electricity 991.3 12 361 991.3 100 361
Gas 253.4 3 170 253.4 100 170
Total Building Consumption 8,009.3 6,182.2

* Alt-1 Baseline VAV

Alt-2 UNITUS Design

Total Number of hours heating load not met 0 104
Number of hours cooling load not met 0 0
* Alt-1 Baseline VAV Alt-2 UNITUS Design
Energy Costlyr Energy Costlyr
1076 Btulyr $lyr 1076 Btulyr $lyr
Electricity 3,717.2 130,697 3,414.9 120,066
Gas 4,292.0 42,920 2,767.3 27,673
Total 8,009 173,617 6,182 147,739

Project Name: High-Performance Elementary School
Dataset Name: SCHEMATIC MODEL.TRC

TRACE® 700 v6.2.8 calculated at 09:25 PM on 02/04/2013

Energy Cost Budget Report Page 1 of 1



Mechanical Su,o,oort/ng Documentation

Combined Heat and Power

A 25-year lifecycle cost was analyzed comparing the designed combined heat and power system to a baseline
separate heat and power system. Assumptions of the lifecycle cost are listed below:

= Discount Rate of 5%
= Fuel escalation values were taken from table Ca-1 of NIST Energy Price Indices

= Annual maintenance for separate heat and power system of $2,000/year
= Annual maintenance for combined heat and power system of $10,500/year. Please see Construction
Narrative for estimation of this annual maintenance.

= Net initial cost of $200,000 for separate heat and power system for back-up generator. All other equipment
remained similar to the CHP system, so was considered a wash in the lifecycle cost.

= Net initial cost of $520,000 for combined heat and power system for natural gas microturbines. No
federal/state grants are received for the CHP design (Possible in current economy).

Baseline Model with Back-up Diesel Generator
Net Initial Annual Total Present
Year Capital Maintenance Annual Energy Consumption Value
0 $200,000.00 $2,000.00 $214,590.01 $202,000.00
1 $2,000.00 $208,152.31 $402,145.06
2 $2,000.00 $206,006.41 $590,813.00
3 $2,000.00 $203,860.51 $768,643.05
4 $2,000.00 $203,860.51 $938,005.00
5 $2,000.00 $203,860.51 $1,099,302.10
6 $2,000.00 $206,006.41 $1,254,519.69
7 $2,000.00 $208,152.31 $1,403,871.01
8 $2,000.00 $212,444.11 $1,549,015.22
9 $2,000.00 $214,590.01 $1,688,631.08
10 $2,000.00 $218,881.81 $1,824,233.35
11 $2,000.00 $221,027.71 $1,954,633.03
12 $2,000.00 $225,319.51 $2,081,213.04
13 $2,000.00 $227,465.41 $2,202,903.45
14 $2,000.00 $229,611.31 $2,319,882.90
15 $2,000.00 $233,903.11 $2,433,356.33
16 $2,000.00 $236,049.01 $2,542,409.32
17 $2,000.00 $238,194.91 $2,647,205.57
18 $2,000.00 $242,486.71 $2,748,794.85
19 $2,000.00 $244,632.61 $2,846,395.75
20 $2,000.00 $246,778.51 $2,940,157.75
21 $2,000.00 $248,924.41 $3,030,225.15
22 $2,000.00 $251,070.31 $3,116,737.21
23 $2,000.00 $253,216.21 $3,199,828.28
24 $2,000.00 $255,362.11 $3,279,628.02
25 $2,001.00 $259,653.91 $3,356,895.44

ASCE Charles Pankow Foundation Architectural Engineering Student Competition Mechanical | 19
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Mechanical Su,o,oort/ng Documentation

Design Model with Natural Gas Combined Heat and Power
Net Initial Total Present
Year Capital Annual Maintenance Annual Energy Consumption Value
0 $520,000.00 $10,500.00 $160,328.73 $530,500.00
1 $10,500.00 $155,518.87 $688,613.21
2 $10,500.00 $153,915.59 $837,743.00
3 $10,500.00 $152,312.30 $978,386.38
4 $10,500.00 $152,312.30 $1,112,332.46
5 $10,500.00 $152,312.30 $1,239,900.16
6 $10,500.00 $153,915.59 $1,362,589.60
7 $10,500.00 $155,518.87 $1,480,576.11
8 $10,500.00 $158,725.45 $1,595,114.55
9 $10,500.00 $160,328.73 $1,705,232.28
10 $10,500.00 $163,535.31 $1,812,074.86
11 $10,500.00 $165,138.60 $1,914,767.11
12 $10,500.00 $168,345.17 $2,014,354.80
13 $10,500.00 $169,948.46 $2,110,050.47
14 $10,500.00 $171,551.75 $2,201,998.97
15 $10,500.00 $174,758.32 $2,291,111.39
16 $10,500.00 $176,361.61 $2,376,714.85
17 $10,500.00 $177,964.90 $2,458,941.46
18 $10,500.00 $181,171.47 $2,538,584.91
19 $10,500.00 $182,774.76 $2,615,070.30
20 $10,500.00 $184,378.05 $2,688,517.78
21 $10,500.00 $185,981.33 $2,759,043.26
22 $10,500.00 $187,584.62 $2,826,758.46
23 $10,500.00 $189,187.91 $2,891,771.11
24 $10,500.00 $190,791.19 $2,954,185.05
25 $10,501.00 $193,997.77 $3,014,574.10

Payback period table is shown in Mechanical Narrative page 12, and results in a 10-year payback period for the
combined heat and power system. Note that this lifecycle cost assumed no federal/state grant or loans for the

system and payback period will be much shorter if a grant or loan is received for the design.

ASCE Charles Pankow Foundation Architectural Engineering Student Competition Mechanical | 20
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CELLULAR BEAMS:

Long span cellular beams were used in the pool area to help meet pool room
height guidelines set by USA Swimming. Mechanical ducts could easily be run
through the large circular holes in the beam webs.

Pool and Cellular Beams

Community Garden

Community Pool

Meohanio@

Chilling Equipment

Basement Floor Plan

Electrical Room

Stairs

/ I

MECHANICAL & ELECTRICAL ROOMS:

The mechanical and electrical rooms were deemed to be “critical” spaces for engineering
disciplines in terms of clash detection and organization. Thus, the mechanical and electrical rooms
were fully modeled in revit down to piping. Valves and other pipe accessories were not modeled.

Heating Equipment

MECHANICAL-1
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Mechanical Third Floor in 3D Isometric View
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Mechanical Third Floor
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Mechanical Roof Plan in 3D Isometric View
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CLASSROOM DESIGN PROCESS:

The following iterative process was used to design an enhanced learning space.

HEATED FLOOR SLAB

Panels cover 70% of the ceiling area in classroom spaee

CLASSROOM ENVIRONMENTAL QUALITY:

The classroom heating, cooling, and ventilation strategies were a major team decision. In addition to creating a comfortable and energy-efficient
classroom environment, indirect lighting and fire protection is hung from the chilled ceiling panel structure.

Cooling Mode

M- M 100% OA
ooooooooooo: (XX X 000000000O0COCO0CO 00000000000000000000000000
. N - O
® m 0O
) s A= O s
: CV FAN
: ® 50°F ® 00000000000O0O0CO
e . o e ENTHALPY
5= - | CHILLEE) ?EILING | - S WHEEL
°On XYY XX O XX XXXX o
°
i TE YT YT Tt tvvv shesesesesest
23S
:% TYPICAL CLASSROOM SPACE
:—' 75°F DRY BULB (24°C)

o 50% RH

° 55°F DEW POINT(13°C)
°

e 65-68°F

CHILLED CEILING

Panels cover 70% of the ceiling area in classroom spaces.

)

|

-‘-‘_#

DISPLACEMENT VENTILATION

100% outdoor air at a flowrate of 0.6 CFM/SF

Heating Mode 100% OA
ooooooooooool .ooool looooooooooooo 0000000000000000000099000000
. . . O
( Ll LL
® T\ oL\
. CV FAN
: 000000OCOOGDOOOOGOS
s> e ENTHALPY
:5 < . WHEEL
(]

:O o ®

— L [
:LIJ - olpoccccocccoe
o > o
Y ; <t
3 TYPICAL CLASSROOM SPACE
e 2 75°F DRY BULB (24°C)
: 50% RH
o 55°F DEW POINT(13°C)
(]
e 68-70°F

EEERERERERERER
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Electric Utility 00000000000000000000000000000000000000000000000

D

COGENERATION SOURCE

260 kW peak generation

LIGHTING
125 kW

PLUG LOADS

(@)

NATURAL GAS

MICROTURBINE

Natural Gas 0000000000000 0O0000O0000O0000DO0DO0D00O0DO0D00O0DO0D0D0V0DO0D00DV0DV0D0D0D0V0D0D0D0D0DV0DDV0D0D0DV0DO0D0D0DV0DV0DO0D0O0DV0DVODO0D0ODO0DOD0OD0ODODOD0OD0ODODOD0OD0OD0ODOD0OD0O0ODOO0OO0O

3D Section Cut through

Basement Mechanical Room

1200 mbh exhaust heat

HEAT EXCHANGER

CHP exhaust heat preheats boiler return water

(3)

BOILER SIZING:

Boilers are sized to match school thermal load
without operation of cogeneration system. Thus,
mechanical design is not dependent on the

cogeneration system.

HOT WATER BOILERS

3 boilers sized at 900 mbh each

181eM\ 4.,0¢}

300 kW

FANS

67 kKW

PUMPS

20 kW

CHILLER 1

150 kW

Main cooling coils (dehumidification)

240 tons

CHILLER 2

»A5°F Water

Chilled Ceiling Panels

63 KW 80 tons

170 mbh

POOL HEATING

> 60°F Water

1375 mbh

@ (3) 900 mbh natural gas boilers

e Exhaust gas-to-water heat exchanger

0 (4) 65 kW natural gas microturbines

AHU HEATING COILS

700 mbh

RADIANT HEATING SLABS

Weekday Cogeneration

300

250

//“[C‘\/ \

mand (kW)

150

1500
® /\/ /

©

9 /-\_—-\
T 1000

7

[}

\ S

2

VaN 100 §

\/\ &
N 50

L

500 w
0 T T T T T T T T
0 1 2 4 5 6 7 8 9

Hour (Hour 0 is Midnight)

17 1 21 22 23 24 25

-

CHP LIFECYCLE COST:

Electric and Mechanical disciplines worked together to make
buiding load profiles for typical weekdays and weekends for
every month of the year. These profiles were important in
guaging how much the CHP system could be run, thus being
able to calculate the energy savings from the system. The
created profiles were used in all energy modeling calculations
throughout all disciplines of the project.
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239.1 GPM

717.8 GPMAG"

149.5 GPI45°F" 179.4 GPI45°F"

ﬂCV-AHU 1 qCV-AHU 2
45°F 45°F 45°F

119.6 GPI45°F"

149.5 GPI45°F" 59.8 GPI45°F.5"

qCV-AHU 3 qCV-AHU 4 qCV-AHU 5
45°F 45°F

AHU COOLING COILS LOOP
Each cooling coil load is modeled above. AHU-POOL is located in the basement, while all other
air handling units are located on the roof.
Supply temperature: 45F

42°F
50°F
42°F 50°F
239.1 GPM o o é 960000 BTU/H
239.1 GPM
239.1 GPMA4" § g
ICL-1

CV-ICL-lh

.BV-ICL-l

1495GPM |4 Bt g79acpv |40 BEewr 96 cpm| 3 B j4956PM |2 50.8 GPM | 2.5+ Hivaws
6" 45°F 6" 45°F 5 45°F 5" 45°F 3 45°F 2.5
————————8-71745°FPM-——
568.2 GPM 388.8 GPM 269.2 GPM 119.6 GPM 59.8 GPM
45°F 53°F 6" 53°F 5" 53°F 5" 53°F 3" 53°F 25"
568.2 GPM 388.8 GPM 269.2 GPM 119.6 GPM 59.8 GPM
53°F 6"
717.8 GPM
A,
53°F 6" 53°F 6"
717.8 GPM 717.8 GPM 717.8 GPM
0 GPN2°F)" -
2880000 BTU/H 179.4 gpm 23°F | 6
240 TONS 55.8 FT
717.8 GPM & j|(25%) 6.5 GAL
53 P-1 53°F
53°F
538.3 GPM 179.4 GpMm 5383 GPM
e 55.8 FT
CH-1 & (25%) =
53 | P-2 358.9 GPM
358.9 GPM | 5" 179.4 GpM 53°F | 5"
55.8 FT
& (25%)
53 7 P-3 179.4 GPM
179.4 GPM | 4" 179.4 Gpm 53°F | 4"
55.8 FT
& (25%) r
MPV-P-4 P-4

50°F 4"
239.1 GPM
A
50°F 4" 50°F 4"
239.1 GPM 239.1 GPM 239.1 GPM
0 GPN?°F)" AS.5
960000 BTU/H 119.5 gpm 20°F | 4
80 TONS 40.6 FT
239.1 GPM :sso%) r 0.6 GAL
50°0F P-5 50°F
50°F
119.5 GPM 119.5 Gpy 119.5 GPM
AooF 40.6 FT
CH-2 (50%) r‘ ET2
MPV-P-6 P-6

RADIANT COOLING LOOP:
For simplification, all the chilled ceiling panels were sized as a single load at peak conditions.
Supply temperature: 60F

IHL-1

700000 BTU/H S
71.8 GPM |° °|° "l
180°F 160°F
2" 2 2.5'
qCV-AHU-l q ﬁCV-IHL-l
2" 2" .BV—AHU-4 2.5" .BV—IHL-l 1.511
BV-17 4“ 3 25I
1=
3 2.5

6716PM | ¥

45.7 FT
_* (25%) 872900 BTU/HY 180°F
MPV-P-7 p-7
4 67.1 GPM 4

45.7 FT
& (25%)
MPV-P-8 P-8
3 67.1 GPM 8

45.7 FT
_* (25%)
MPV-P-9 P-9
25 67.16PM | 2%

45.7 FT
& (25%)
MPV-P-10 P-10

HEATING LOORP:

Unlike the chilled water system, all heating loads could be placed on the same piping loop. All
heated floor slabs are modeled as a single load at peak conditions.
Supply temperature: 120F

MECHANICAL-8
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NOTES:
1. VENT AND PROVIDE DUCTED COMBUSTION AIR PER BOILER MANUFACTURER.
2. PROVIDE AND INSTALL BOILERS WITH PRE-MOUNTED AND WIRED VARIABLE VOLUME PRIMARY PUMPS,
BOILER PLANT CONTROLLER WITH DDC INTERFACE, PROPERLY TAGGED PRESSURE RELIEF VALVES, T & P GAUGES,
HOT SURFACE IGNITION, HIGH LIMIT SWITCHES, LWCO'S, FLOW SWITCHES, AND MAXIMUM NUMBER OF FIRING STAGES AVAILABLE.
2/17/2013 15:38
PUMP SCHEDULE
ELECTRICAL DATA BASIS OF DESIGN
FLuip | FEY'IP Heap | NPSH L erpiciency ]
TAG PUMP TYPE SERVICE TEMP | GPM REQD ’ mMoTor | NOMINAL | VOLTS NOTES
TYPE | (ep (FTH20) &) (%) P MOTOR | PHASE/ | MANUF | MODEL
RPM HERTZ
CHW-1,2,3,4 VERTICAL AHU COOLING COIL LOOP WATER 45 180 56 6 75.00 1760 460/3/60 TACO 1013
CHW-5,6 VERTICAL RADIANT COOLING LOOP WATER 60 120 41 6 75.00 1760 460/3/60 TACO 2007
HW-1,2,3,4 VERTICAL HOT WATER WATER 180 68 46 6 75.00 1760 460/3/60 TACO 1507
NOTES:
1. PUMP SHALL BE CONTROLLED WITH VARIABLE FREQUENCY DRIVE. DRIVES BY HVAC PER DIV. 26 SPECIFICATIONS.
2. MOTORS TO BE PREMIUM EFFICIENCY.
3. INSTALL ON ISOLATED SLAB SECTION WITH EXPANSION JOINT, COORDINATE WITH GC.
4. PROVIDED WITH BOILER, PREMOUNTED AND PREWIRED, CONSTANT FLOW.
2/17/2013 15:48
WATER-COOLED CHILLER SCHEDULE
WATER DATA ELECTRICAL BASIS OF DESIGN
TAG COMPRESSOR TYPE | cAPACITY (TONS) | ewT | Lwt VOLT/ NOTES
) F) PHASE / MANUF MODEL
HERTZ
CH-1 SINGLE SERIES 240 53 45 460/3/60 DAIKIN MCQUAY WSC 063 1,2
CH-2 SINGLE SERIES 80 68 60 460/3/60 DAIKIN MCQUAY WGZ 090D 1,2
NOTES:
1. VENT AND PROVIDE DUCTED COMBUSTION AIR PER BOILER MANUFACTURER.
2. PROVIDE AND INSTALL BOILERS WITH PRE-MOUNTED AND WIRED VARIABLE VOLUME PRIMARY PUMPS,
BOILER PLANT CONTROLLER WITH DDC INTERFACE, PROPERLY TAGGED PRESSURE RELIEF VALVES, T & P GAUGES,
HOT SURFACE IGNITION, HIGH LIMIT SWITCHES, LWCO'S, FLOW SWITCHES, AND MAXIMUM NUMBER OF FIRING STAGES AVAILABLE.
2/17/2013 15:59
GROSS GROSS SYSTEM EFFICIENCIES ELECTRICAL DATA BASIS OF DESIGN NOTES
EQUIPMENT TOTAL | SENSIBLE VOLT/
TAG p: COOLING HEATING
SERVED CAPACITY | CAPACITY EER coP PHASE/ MCA MOP MANUF MODEL
(MBH) (MBH) HERTZ
ACCU-01 CHILLER 01 1,440 1,000 11.4 3.34 460/60/3 207 225 TRANE RAUC120-1 1-3
ACCU-02 CHILLER 01 1,440 1,000 11.4 3.34 460/60/3 207 225 TRANE RAUC120-1 1-3
ACCU-03 CHILLER 02 1,350 950 11.4 3.34 460/60/3 207 225 TRANE RAUCB80-1 1-3

3. MOUNT ON CONCRETE PAD.

NOTES : 1. COOLING RATED CAPACITY BASED ON 80°F/67°F INDOOR AND 95° F DB OUTDOOR TEMPERATURE.
2. HEATING RATED CAPACITY BASED ON 70°F INDOOR AND 47°F DB / 43°F WB OUTDOOR TEMPERATURE.

2/17/2013 16:45

AIR HANDLING UNIT (AHU) SCHEDULE
MAX MIN N SUPPLY FAN COOLING COIL SECTION HEATING COIL SECTION FILTER DATA BASIS OF DESIGN
TAG UNIT | ocation | areaserven | SUPPLY | SUPPLY | o | o | wax 1R | TOTY || VOLTS! torr | oar | oas [AP°| Tewe [riow|"PP| cap | BAT | apo | Tewe |row|WPP| PRE | PRIVARY NOTES
cFM) | TvPE AIRFLOW SPEED EXT SP HP PHASE/ SENS WEB WB (IN ENT/LVG | (GPM) (FT (MBH) LAT inwe)| ENTiLVG | (GPMm) (FT FILTER FILTER MANUF | MODEL
cFM) | (cFw) CFM) [ ey | INWE) HERTZ | Zove | e on | Ve oF) H20) (°F DB) oF) H20)|  EFF EFF
AHU 1-WEST Ccv ROOF WEST CLASSROOMS 10850 10850 10850 AF 10850 3530 4.03/225 | 7.5 460/3/60 50 92.4/74.1 | 52.1/51.7 0.9 45/53 150 3.9 350 9.4/68.0 0.9 180/160 35.9 2.4 MERV-8 MERV-13 CARRIER 39MN 1,2,4,5,6,7,8,9,10,11
AHU 2-CENTRAL CVv ROOF CENTRAL CLASSROOMS 8800 8800 8800 AF 8800 2662 3.97/225 | 7.5 460/3/60 60 92.4/74.1 | 52.1/51.7 0.9 45/53 180 4.1 430 9.4/68.0 0.9 180/160 44.1 3.2 MERV-8 MERV-13 CARRIER 39MN 1,2,4,5,6,7,8,9,10,11
AHU 3-EAST Ccv ROOF EAST CLASSROOMS 4500 4500 4500 AF 4500 3652 4.21/225 | 75 460/3/60 40 92.4/74.1 | 52.1/51.7 0.9 45/53 120 3.5 310 9.4/68.0 0.9 180/160 31.8 2.3 MERV-8 MERV-13 CARRIER 39MN 1,2,4,5,6,7,8,9,10,11
AHU 4-COMMUNITY VAV ROOF COMMUNITY AREAS 12250 7350 3100 AF 12250 3421 3.92/225 | 7.5 460/3/60 50 73.1/62.1 | 52.1/51.7 0.9 45/53 150 3.9 285 52.1/75.0 0.9 180/160 29.2 2.1 MERV-8 MERV-13 CARRIER 39MN 1,2,45,6,7,8,9,10,11
AHU 5-POOL VAV BASEMENT POOL 5000 3000 1250 AF 5000 2635 3.94/225 | 7.5 460/3/60 20 92.4/74.1 | 52.1/51.7 0.9 45/53 60 21 - - - - - - MERV-8 MERV-13 CARRIER 39MN 1,2,4,5,6,7,8,9,10,11
NOTES :
1. UNIT TO HAVE COMPARATIVE ENTHALPY CONTROLLED ECONOMIZER, 100% AIRFLOW. CHW AND HW FLUIDS ARE WATER.
2. SUPPLY FAN TO BE VARIABLE VOLUME; VFD SHALL BE SUPPLIED BY HVAC CONTRACTOR OR UNIT SUPPLIER, VFD TO MEET DIV. 26 SPECIFICATIONS AND JOB REQUIREMENTS, VFD WALL MOUNTED.
3. FANS TO BE VARIABLE VOLUME; VFD's SHALL BE SUPPLIED BY UNIT SUPPLIER AND MOUNTED IN UNIT, VFD's TO MEET DIV. 26 SPECIFICATIONS AND JOB REQUIREMENTS.
4. MAXIMUM SOUND POWER LEVELS PER CUTSHEETS.
5. PER PROJECT SOUND CONSULTANT, UNITS TO BE MOUNTED ON SPRING/NEOPRENE ISOLATORS WITH MINIMUM 2" DEFLECTION. VERIFY NO INTERNAL FAN ISOLATION REQUIRED/DESIRED WHEN USING .
6. PROVIDE UNITS WITH SUFFICIENT ACCESS SECTIONS.
7. DAMPERS PROVIDED AT UNITS TO BE LOW LEAK, MEETING AT/FP STANDARDS.
8. TOTAL STATIC PRESSURES LISTED ARE WITH CLEAN FILTERS.
9. PROVIDE PREWIRED DISCONNECTS IF REQUIRED, COORDINATE WITH OTHER TRADES AND WITH VFD's BEING SUPPLIED.
10. INSTALL UNIT FOR PROPER CONDENSATE DRAINAGE. COORDINATE ANY SPECIAL REQUIREMENTS WITH GC.
11. UNIT SA FANS AND RA FANS MUST BE COMPATIBLE WITH EACH OTHER FOR MATCHED VAV DUTY.
12. UNIT RA FAN TO BE 4500 CFM AT 1.08" T.S.P, FOR 1.0" "ESP, 3 HP, 460/3/60. MAX. FAN SPEED 2225 RPM. PROVIDE UNIT WITH OUTSIDE AIRFLOW MEASURING DEVICE.
2/17/2013 16:34
HOT WATER BOILER SCHEDULE
WATER DATA ELECTRICAL BASIS OF DESIGN
MAX
TAG FUEL TYPE INPUT | ewT | Lwr VOLT/ NOTES
(MBH) °F) °F) PHASE / MANUF MODEL
HERTZ
B-1,2,3 NATURAL GAS 1260 160 180 120/1/60 CLEAVER BROOKS CB 30 1,2
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