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HUNTER’S POINT SOUTH INTERMEDIATE

Project Team:

Owner:

NYC Department of
Education

Architect:
FXFWOLE Architects

General
Contractor/CM:

Skanska
Structural:

Ysreal A. Seinuk, PC

MEP/Fire

Protection:
Kallen & Lemelson, LLP

Lighting Designer:

Tillotson Design

SCHOOL & HIGH SCHOOL

Location: Long Island City, NY

Construction: Jan. 2011 - Oct. 2013

Size: 153,769 square feet

I Cost: $61 million construction cost

| Levels: 5 stories, no cellar I

Function: Educational

| Height: 73 feet |

e Exterior Facade: grey brick, slate
stone veneer, perforated steel
panels, low-e coated windows, and
ITSPS

e Design fits into urban community
redevelopment plan

——

¢ Load transferred to soil through 14
inch diameter cassions

o Floor system is a 3 %" lightweight
concrete on top of a 3" metal deck

o lateral force resisting system is
concentric braced frames

e 4000 Amp Main Switchboard

® 400 kW Diesel Generator

e Building Voltage is 208Y/120V

e Fluorescent lighting with MR16

track and spotlights for auditorium

Delivery: Lump Sum Bid

3 CAV and 3 VAV custom made AHU's
each equipped with a vfd, wrap around
heat pipes for dehumidification, and 0-
100% oz intake for economizer mode

(2) 276 ton air cooled water chillers with
scroll compressors

(4) gas fired condensing boilers each
capable of producing 1860 MBH

Heat transfer fluid for building is a 30%
and 35% propylene glycol water used
for cooling and heating, respectively

Striving for LEED Silver Certification
Utilizes local materials, recycled steel,
low voc emitting finishes, occupancy
sensors for lighting, and solar shading
Abides by the NYC Green Schools Guide
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Executive Summary

One alternative was considered in this analysis because all the changes made were linked to
one another and depended upon the previous change of work. In this analysis, the existing
mechanical system in Hunter’s Point South School was compared against the institution of a
dedicated outdoor air system with fan-powered inductions units for the terminals. With the
changes made to this DOAS/FPIU design, a secondary chilled water loop was created to
distribute a higher temperature chilled water to the FPIU’s cooling coils. Total energy recovery
wheels were used in both DOAS'’s to recover energy from the room exhaust air. Lastly, with the
clearing of roof space a 68.99 kW photovoltaic solar system was installed on the roof. It was
found that minor structural upgrades would have to be made to strengthen the roof deck/slab
and girders under the solar array.

In comparing the costs, it was found that the new alternative would save $1,273,311 in upfront
mechanical cost. This is more than enough to front the costs for the photovoltaic solar array
and structural upgrades. When throwing these two items in, the new alternative saved
$958,143 in initial costs. The new alternative also managed to save on electricity and natural
gas usage. Electricity usage was reduced by 7% and natural gas by 41%. This led to a decrease
in total energy costs of 13%. The natural gas had a huge decrease in use due to the addition of
the total energy recovery wheels in the DOAS’s being used to preheat the OA during the winter
months. The wheels were able heat the OA so much that preheat coils were not needed in the
DOAS’s except as a backup for safety. With the energy and upfront savings, a 25 year life cycle-
cost analysis was performed. Bringing both the costs back to a net present value found that the
new proposed designs would save $2,018,185 over the existing design.

With the changing of the terminal units and air distribution to the rooms, a computational fluid
dynamics (CFD) study was performed on a common classroom. This was done to determine if
the new system’s air distribution to the space would create a thermally comfortable and draft
free environment for the students during the winter design peak. The current variable air
volume box design was also tested for full flow and 30% turndown. The analysis focused on the
area of the room occupied by the students because this was felt to be the most critical zone. In
the new FPIU layout, it was found that the room had a uniform temperature gradient right at
the setpoint temperature of 72°F with no drafts being caused in the student section. The two
VAV layouts produced problematic results. It was found that the space was being overheated
in both scenarios and a huge draft problem occurred in the 30% turndown case. From the
results of the CFD analysis, it was determined that the new FPIU layout would create a
thermally comfortably, draft-free environment for the occupants.
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A big objective of the redesign of the mechanical system was to create a more sustainable,
green building with increased comfort control. Temperature control of rooms will be greatly
increased because the FPIU’s allow for extra heating and cooling to be accomplished at each
space. The new FPIU system will provide each room with the correct amount of ventilation air,
something that is problematic when VAV boxes are turned down. The emissions of the new
design reduced greatly. There was a 16% reduction in CO, equivalent. The photovoltaic solar

array will produce emission free electricity for years. It can also serve as an educational
function for students in teaching green technologies. Through all the changes proposed to
Hunter’s Point South School, a new cheaper, healthier schoolhouse will be created.
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Building Overview

Hunter’s Point South Intermediate School & High School is a public school for grades 5 through
12 serving the PS 287 Queens School district. Hunters Point is a five story school that will house
over 1,000 students. It consists of 26 classrooms, 8 special education classrooms, library, gym,
assembly space, cafeteria with open terrace seating, kitchen, and support spaces. The building
is a part of the Hunter’s Point South Project, a redevelopment of the 30 acre Queens area to
become a more sustainable, middle income urban community along the waterfront park. This
redevelopment in Queens also includes residential housing, apartments, retail space,
community/cultural facilities, parking, and a new 11 acre waterfront park.

Mechanical System Overview

Conditioned air is served to Hunter’s Point South Intermediate School & High School via the six
rooftop air handling units. Units 1, 2, and 3 are variable air volume (VAV) systems that service
the classrooms, offices, corridors, and non-public spaces. Units 4, 5, and 6 are constant air
volume (CAV) systems that serve the gymnasium, cafeteria/kitchen, and auditorium,
respectively. All air handling units have variable frequency drives, wrap around heat pipes for
dehumidification, and economizer controls. Preheat coils in the AHU’s use a 35% propylene
glycol — water mixture while the cooling coil utilizes a 30% propylene glycol — water mixture.
This heat-transfer fluid has low toxicity and volatility. It poses little harm to humans in case of a
leak.

Four natural gas fired, condensing boilers are used for Hunter’s Point South School’s heating
needs. These boilers are located in the mechanical penthouse’s boiler room. Each boiler can
produce 1860 MBH worth of 35% propylene glycol — water mixture which is used for the AHU’s,
perimeter fin tube radiators, unit heaters, and cabinet heaters. All heating hot water and
secondary pumps are located in the boiler room along with the hot and chilled water expansion
tanks. Two 276 ton air cooled chillers with scroll compressors are also located on the roof. A
30% propylene glycol — water mixture is cooled by the R-410a refrigerant which is used for the
AHU'’s cooling coils.

Cabinet and unit heaters are used to heat the building’s entrances, locker rooms/showers, and
stairwells. Split heat pumps are utilized in the telecom rooms on each floor, food storage, and
elevator machine room. The outdoor section of each heat pump is located on the roof. Fin
tubed radiators are used along the perimeter walls to heat the space in conjunction with AHU’s.
Upblast and mushroom fans are located on the roof where they exhaust air from the science
lab’s fume hoods and kitchen.
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Design Objectives, Requirements, and Conditions

Hunter’s Point South School is a schoolhouse for grades 5 through 12 which is located in
Queens, New York. It is part of the Hunter’s Point South Project which is a process to redevelop
the 30 acre area in Queens to become a more sustainable, middle income urban community.
Hunter’s Point South School’s architecture as well as building maintenance was designed with
this idea in mind. The school is also held to the requirements of the New York City Green
School Guide which further reinforces the strive for a green, efficient building.

The classrooms house a large number of occupants which consumes a huge amount of energy.
Since the classrooms have a fluctuating number of occupants throughout the day, it would be
costly and inefficient to run the rooms at full load all day for ventilation and lighting. This was
considered in the design so to help reduce energy consumption, VAV boxes were used to vary
the flow of conditioned air to the spaces. Occupancy sensors for lighting control were also
included to save electricity.

Hazardous chemicals are used in the laboratories and science classrooms. This inherent
concern was accounted for in the design phase. Fume hoods with exhaust fans are used to help
flush out potentially harmful chemicals. Strict standards were imposed on the quality of duct
used for the chemical exhaust and the inside of the ducts are negatively pressurized to prevent
leakage of the chemical exhaust to surrounding spaces.

Hunter’s Point South School was commissioned under the New York City Board of Education.
All new schoolhouses in New York City must abide by the New York City Green School Guide.
The NYC Green School Guide is a document that outlines standards that new schools must
follow. The standards outlined are geared towards making these new schoolhouses more
energy efficient and sustainable. Since Hunter’s Point South School must follow this, no
emphasis was put forth to go for LEED certification (even though the NYC Green School Guide is
fairly similar to the USGBC’s LEED rating system).

The NYC Board of Education has commissioned many school houses as well as created ties with
power companies in the area. This has led to beneficial relations between the board and power
companies. Hunter’s Point South School receives their electricity from the New York Power
Authority (NYPA). The rates for energy prices can be seen below in Table 1 for Hunter’s Point
South School.

Energy Prices
Type Price
Electricity (from
NYPA)
Matural Gas
(based on
Mational Grid
firm charges)

50.19/kwh

51.542/therm

Table 1 — Energy Prices
| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report




Iaiad CIgaN Hunter’s Point South Intermediate School & High School

Hunter’s Point South School is located in Long Island City, New York in the Queens borough. It
sits in the Mixed-Humid Climate Zone according to ASHRAE Standard 90.1 and has roughly
5,400 heating degree days or fewer. Below in Table 2 are the outdoor design conditions for the
school.

ASHRAE HoF 2009 Chapter 14
Appendix: Climate Data
JFK Airport, NY  |dB Temp

0.4% Cooling 89.7°F

99.6% Heating 12.8°F

Table 2 — Outdoor Design Air Conditions

Table 3 below shows the room design conditions for the spaces in Hunter’s Point South School.

Room Design Temperatures
Winter 72°F Dry Bulb
Summer 75°F Dry Bulb

Table 3 — Indoor Design Conditions

Design Ventilation

Appendix C contains the excel spreadsheets of each air handler’s results for minimum outdoor
air intake using the calculations from ASHRAE Standard 62.1-2007 Section 6 for ventilation. For
AHU’s 4, 5, and 6, the minimum ventilation supplied to each room is contrasted against the
design condition. The NYC Green Schools Guide requires all new schools, such as Hunter’s Point
South Intermediate School & High School, to be designed to use above 30% minimum
ventilation air calculated in ASHRAE Standard 62.1. This is outlined in Q1.1R Minimum IAQ
Performance/Increased Ventilation in the NYC Green Schools Guide. Compliance with this
increase in air has also been added to the analysis and can be seen Table 4 below.

30% Above Above 30%

Type |Min OA Intake Vot [Compliant? Vot Compliant?
AHU-1 VAV 14345 12218 Yes 15883 Mo
AHU-2 VAW 19445 18971 Yes 24662 Mo
AHU-3 VAV 13210 10954 Yes 14240 Mo
AHU-4 CAV 13360 7085 Yes 9211 Yes
AHU-5 CAV 11840 6259 Yes 8488 Yes
AHU-6 CAV 6325 2657 Yes 3454 Yes

Table 4 — Air Handling Units’ Section 6 of ASHRAE Standard 62.1 Compliance

Since Hunter’s Point South School is located in Queens, New York ventilation requirements
must be checked against both the ASHRAE Standard 62.1-2007 Section 6 and the New York
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State Mechanical Code 2007 using values from Section MC 403. The zone primary outdoor air
fraction (Zp) values found using the NYS Mechanical Code are slightly higher than the ASHRAE
ones. However, these values are not shown because they are irrelevant in the end. They are
irrelevant because the above 30% outside air calculated from ASHRAE Standard 62.1 dominates
the New York State Mechanical Code values. This 30% increase makes the ASHRAE required
outside air the driving factor in this comparison.

Design Building Load Estimates

To evaluate the heating and cooling loads of Hunter’s Point South School, Trane TRACE 700 was
used. The results generated can be seen below in Table 5.

Supply Air per unit area Area per | Cooling | Heating
Conditioned (cFm/sf) Cooling | Capacity | Capacity | Total Heating | Total Cooling
Space (sf) Capacity | per Area | per Area (Btuh} {tons)
Cooling Heating (sffton) |({tons/sf) |(Btuh/sf)
AHU-1 30637 0.65 0.37 296.6 0.0034 5291 1,621,100 103.3
AHU-2 29722 0.89 0.5 218.5 0.0046 22.58 1,562,800 136
AHU-3 22567 0.89 0.52 213.1 0.0047 50.38 1,136,900 105.9
AHU-4 12735 2.08 2.08 99.0 0.0101 74.54 949,300 128.6
AHU-5 11449 1.69 1.69 182.3 0.0055 59.28 678,700 62.8
AHU-6 4341 3.63 3.63 93.0 0.0108 98.70 428,700 46.7
Unit Heaters 6963 nfa 0.42 nfa nfa 24.82 172,800 nfa
Total Building 118414 1.081 0.865 203.9 0.0049 25.32 6,550,300 583.3

Table 5 — TRACE Loads

Load calculations were also provided by the design engineer for comparison. This can be seen
below in Table 6. For this project, the design loads calculated in TRACE were used.

Supply Air Cooling Heating Total
Conditioned |per unit area|Area per Cooling| Capacity per | Capacity per | Total Heating | Cooling

Space (sf) (cfm/sf) |Capacity (sf/ton) | Area (tons/sf) | Area (Btuh/sf) (Btuh) (tons)
AHU-1 28115 0.98 286.5 0.0035 37.82 1,063,259 98.12
AHU-2 276590 1.04 232.5 0.0043 48.83 1,351,976 119.1
AHU-3 21646 1.14 234.6 0.0043 43.36 938,642 92.25
AHU-4 12527 1.48 113.8 0.0088 70.87 887,731 110.1
AHU-5 9833 1.62 144 0.0069 80.1 787,669 63.27
AHU-6 4341 2.01 110.7 0.009 84.01 364,697 39.21
Stairs 1080 2.91 186.3 0.0054 65.47 70,713 5.8
South Entrance 300 0.72 0 0 31.29 25,034 0
Total Building 106032 1.20 201 0.005 3L.77 5,489,721 532.85

Table 6 — Designer’s Load Calculations
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Design Energy Usage

The energy usage for Hunter’s Point South School was found by doing an energy model in Trane
TRACE 700. It was calculated that the current design uses 1,614,418 kWh per year and 42,285
therms of natural gas a year. This equates to a total energy bill of $371,941 dollars a year
(5304,739 electric and $65,202 natural gas). A comparison between the designer engineer’s
values and the ones calculated in TRACE can be seen below in Table 7.

MNatural Gas Matural Gas Cost per
Electricty (kWh | {BTU x 10° | Electricity Cost per |Total Cost per | Square Foot
per year) per year) |Costperyear year year of Building
Design Engineer 1,720,210 6,740| $ 290,640| 5 104,066 | S 394,706 | 5 2.58
Existing Building (TRACE) 1,614,418 4,228 |5 306,739 | S 65202 |5 371,941 | & 2.43
Difference 105,792 2,511 | % (16,099)| $ 38,864 | § 22,765 | § 0.15
% Difference 6% 37% -6% 37% 6% 6%

Table 7 — Energy Usage TRACE vs. Design Engineer

The energy cost found using TRACE is much higher for electricity. This would come down some
if the occupancy sensors for lighting were able to be modeled in TRACE. Even though the
TRACE values are much different than the design engineer’s numbers, the values found in the
TRACE model were used for comparison later on with the proposed design changes because
both use the same basic TRACE model.

The energy usage of the school can be seen broken down month by month for electricity in
Figure 1 and natural gas in Figure 2.
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Figure 1 — Electricity Usage by Month
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Figure 2 — Natural Gas Usage by Month

The energy consumption breakdown for Hunter’s Point South School can be seen below in
Figure 3.

% of Total Energy Consumption

W Heating
H Cooling
M Fans

B Pumps
H Lighting

 Receptacles

Figure 3 — Energy Usage Breakdown of Existing Building
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Emissions

The emissions created by electricity, on site combustion, and transportation for fuel to the
building can be seen below in Tables 8 through 10 for the current design of Hunter’s Point

South School.

|b of pollutant | b of pollutant
Pollutant per kWh of per year due to
electricity electricity

COze 1.03E+00 1,662,850.54
COz 9.61E-01 1,551,455.70
CHa 2.59E-01 418,134.26
MN20 1.68E-05 27.12
NOx 1.72E-03 2,776.80
50x 6.23E-03 10,057.82
co 1.75E-03 2,825.23
TNMOC 6.38E-05 103.00
Lead 5.59E-08 0.09
Mercury 3.99E-08 0.06
PM10 6.87E-05 110,51
Solid Waste 6.18E-02 93,771.03

[ kWh/year =| 1,614,418
Table 8 — Base Building Electricity Emissions
Ib of pollutant Ib of pollutant
Pollutant| per 1000 cubic ft PEIEL L
of natural gas i
combustion

COze 1.23E+02 520,093.20
COz 1.22EH)2 515,864.80
CHa 2.50E-03 10.57
NzO 2.50E-03 10,57
N 1.11E-01 469.35
50 6.32E-04 2.67
co 9.33E-02 394.51
VOoC 6.13E-03 25.92
Lead 5.00E-07 0.00
Mercury 2.60E-07 0.00
PM10 8.40E-03 35.52
| cubic feet of natural gas = | 4228400

Table 9 — Base Building Emissions On-Site Combustion
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Ib of Ib of pollutant

R pollutant_per per year due
1000 cubicft | transportation

of natural gas to site

COze 2. 7BE+01 117,549.52
COz 1.16E+01 43,049.44
CH4 7.04E-01 2,976.79
NzO 2.35E-04 0.99
NOx 1.64E-02 69.35
S0 1.22E+00 5,158.65
co 1.36E-02 57.51
THNMOC 4.56E-05 0.19
Lead 2.41E-07 0.00
Mercury 5.51E-08 0.00
PM10 8.17E-04 3.45
PM-unspecified 1.42E-03 6.00
Solid Waste 1.60E+00 6,765.44
| cubic feet of natural gas = 4228400

Table 10 — Base Building Emissions Fuel Transportation

The total pollutants generated in a year by the school can be seen in Table 11 below and Figure
4,

Table 11 — Total Emissions

N Total Pollutants
(Ib of pollutant)

COze 2,300,493.26
COz 2,116,369.94
CHa 421,121.63
MNzO 38.69
MNOx 3,315.50
SO 15,219.14
co 3,277.25
TNMOC 103.19
VOC 25.92
Lead 0.09
Mercury 0.07
PM10 149.88
PM-unspecified 6.00
Solid Waste 106,536.47
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Figure 4 — Total Emissions

Mechanical Equipment Summary

The mechanical systems in Hunter’s Point South School are primarily located on the roof. Two
air cooled chillers and six air handling units are located here along with the outdoor sections of
each of the heat pumps and many of the exhaust fans. The mechanical penthouse on the roof
houses the four condensing boilers along with their pumps and the expansion tanks. The
emergency generator is also located in a room in the penthouse. The roof space is mainly used
for the mechanical equipment because no basement exists for Hunter’s Point South School.
Due to direct exposure to the elements on the roof, a propylene glycol — water mixture has
been used instead of water to prevent freezing in the pipes and coils. Below in Tables 12
through 15 is the breakdown of information for the boilers, chillers, heat pumps, and exhaust

fans, respectively.

Gas Fired
B-1, B-2, B-3,| Boiler Room | Condensing 1860 B85.3% 120°F 140°F 56
or B-4 {on roof) Boiler

Table 12 — Boiler Schedule
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ACH-1or
ACH-2

Air cooled with
scroll compressors

Roof

276

3.25/11.1

54°F

44.4°F

710

Table 13 — Chiller Schedule

AC-1 [Telecom Room 790 45 42 15.8
AC-2 [Telecom Room 425 o 12 13.8
AC-3  [Telecom Room 425 o 12 13.8
AC-4 [Telecom Room 4325 o 12 13.8
AC-5 [Telecom Room 425 18 12 13.8
AC-6 |Food Storage 425 18 12 13.8
AC-7 EIEVEFN 425 o 12 13.8
Machine Room

Table 14 — Heat Pump Schedule

Ke-1 |[Kitchen Gneral Exhaust (5th Fir) Roof Upblast 3000 1.5
Ke-2 |Kitchen Hood Exhaust (5th Flr) Roof Upblast 7050 5

Ke-3 [Can Wash Room Exhaust (5th Fir) Roof Mushroom 320 1/a
EF-1 |Fume Hood Exhaust Roof Mozzle 1300 15
EF-2 |Fume Hood Exhaust Roof Mozzle 1300 15
EF-3 |Science Lab General Exhaust Roof Mushroom 700 1/3
EF-4 |Fume Hood Exhaust Roof Nozzle 1300 1.5
EF-5 |Main Toilets & Locker Room Exhaust Roof Mushroom| 5910 3

EF-6 [I/S Boy's & Girl's Locker Room Exhaust Roof Mushroom| 1060 1/2
EF-7 |H/SBoy's & Girl's Locker Room Exhaust Roof Mushroom| 1440 3f4
EF-8 |Copy Room Exhaust Roof Mushroom 300 1/a
EF-9 |Kitchen Men's & Women's Toilet Roof Mushroom 400 1/6

Plumbing Room
EF-10 |General Exhaust (1st FIr) In-Line 1310 1/2
Equipment Room
EF-11 |Electric Service Room Exhaust {1st Flr) In-Line 1000 1/3
Fuel Qil Room
EF-12 |Fuel Oil Tank Room Exhaust {1st Flr) In-Line 220 1/4
EF-13 |Emergency Generator Room Exhaust Generator Room In-Line 650 1/a
Equipment

EF-14 |Elevator Machine Room Storage (1st Flr) In-Line 220 1/a
EF-15 |Gas Meter Room Gas Room (1stFlr)| In-Line 220 1/4
EF-16 |Kitchen Detergent Room Roof Mushroom 100 1/6
EF-17 |Kiln Unit Roof Mushroom 150 1/6
EF-18 |Acid Storage Cabinets Roof Mushroom 150 1/6
SF-1 |Boiler Room Supply Boiler Room In-Line B850 1/4

Table 15 — Exhaust Fan Schedule
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AHU-1, AHU-2, and AHU-3 are all part of a variable air volume system. VAV boxes are used to
manage the flow of air to the spaces served by these air handlers in an attempt to save energy
costs. Each air handler (AHU-1 through 6) has variable frequency drives, wrap around heat
pipes for dehumidification, and the ability to run in economizer mode. Temperature drops
across the heating coils and heating terminal units is 20°F. The cooling coils in the air handlers
have a 10°F temperature drop across them. Table 16 below shows the AHU’s breakdown.

Air Handler Unit Schedule
Minimum Heating Cooling Supply Return
Supply/Return | OA/Exhaust | Capacity | Capacity |Supply | Fan HP | Return | Fan HP
Unit No. Service Location | Type CFM CFM (MBH) (MBH) Fans | (each) | Fans | (each)
Classrooms, Offices,
AHU-1 |Corridors, and Non-Public Roof VAV | 30,000/27,000 |14,945/11,345 1,266.8 1,389.7 2 30 2 15
Classrooms, Offices,
AHU-2 |Corridors, and Non-Public| Roof | VAV | 31,700/27,100 |19,445/14,845| 1,367.7 1,562.8 2 30 2 15

Classrooms, Offices,

AHU-3 |Corridors, and Non-Public| Roof | vav | 27,000/24,300 |13,210/10,510| 1,111.4 1,270.9 2 25 2 10
AHU-4 |Gymnasium Roof | CAV | 20,860/18,560 |13,360/11,060| 1,232.5 1,222.9 2 20 2 7.5
AHU-5 |Café/Kitchen Roof | CAV | 18,700/12,500 |11,840/5,640| 1,096.5 9162 | 1 40 1 10
AHU-6 |Auditorium Roof | CAV | 9,600/9,200 | 6,325/5,925 443.8 4920 1 20 1 10

Table 16 — Air Handler Unit Schedule

Information for the pumps used in Hunter’s Point South School can be seen below in Table 17.
Note that pumps P-1, P-2, and P-3 distribute a 35% propylene glycol water mixture while P-4
through P-6 distribute a 30% propylene glycol water mixture. FOP-1 and FOP-2 both pump fuel
oil for the emergency generator.

Pump Schedule
Capcaity | Head | Motor Size
Unit No. Service Location (GPM) | (ft) (HP)
P-1 Heating Hot Water Boiler Room (on roof) 330 110 20
Heating Hot Water
p-2 (Stand-By) Boiler Room (on roof) 330 110 20
P-3 Heating Hot Water Boiler Room (on roof) 330 110 20
Secondardy Chilled
P-4 Water (ACH-1) Boiler Room (on roof) 710 100 30
Secondary Stand By
P-5 for P-3 or P-5 Boiler Room (on roof) 710 100 30
Secondardy Chilled
P-b Water (ACH-2) Boiler Room (on roof) 710 100 30
Emergency Generator
FOP-1or 2 |on Roof Plumbing Room (1st Flr) 2 18 1/2

Table 17 — Pump Schedule

Mechanical Equipment First Cost

The total cost of the mechanical equipment for Hunter’s Point South School is $7,750,000. This
equates to $50.40 per square foot of the building. The price includes furnish and installation of
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all the outlined equipment. Table 18 below has a breakdown of the cost for the different

mechanical systems. To further clarify what each system encompasses, read below the table.

Mechanical Cost Breakdown
Cost per
square foot
Type Cost (3) (s/sf)

AHU's 1,190,000 7.74
Chillers 820,000 5.33
Boilers 260,000 1.69
Heat Pumps 49,000 0.32
Fin Tube Radiators 300,000 1.95
Unit/Cabinet Heaters 143,000 0.93
VAV Boxes 216,000 1.40
Fan Powered Boxes 16,000 0.10
HWVAC Piping 1,250,000 8.13
Ducts 1,479,500 9.62
HWVAC Controls 910,000 5.92
Pumps 32,000 0.21
Convectors 14,000 0.09
Fans 80,000 0.52
Dampers 55,000 0.36
Diffusers/Grills 100,000 0.65
Emergency Generator/Fuel Qil 132,000 1.18
Glycol 35,000 0.23
Miscellaneous 38,500 0.25
Overhead 580,000 3.77
Total 7,750,000 50.40

Table 18 — Mechanical Cost Breakdown

e The Boilers cost includes the chemical treatment as well as the boilers.

e The HVAC Piping includes all piping for the HVAC equipment. This includes piping to and

from the equipment, anchors/guides, and insulation. The plumbing piping is not

included in this number.

e Ducts cost include insulation, silencers, and all supply and return duct runs.

e The HVAC Controls include all the controls needed to run the different mechanical

equipment and systems. Pressure valves are also included here.

e Fans include the 12 rooftop and 10 in-line exhaust fans. The fans in the AHU’s and

chillers’ condensers are not included here, rather in their respective tab.

e The Emergency Generator/Fuel Oil includes all costs associated with this system. This

includes piping, controls, pump set, tank, generator, and ducts.

e Miscellaneous includes the cost of the seismic restraint, hot water pumps’ inertia pads,

and the hot and cold make up water.
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e Overhead includes the cost of the site project supervisor, project management,

commissioning/punch lists, shop drawings, and submittals.

Lost Usable Space

Mechanical equipment as well as duct runs require floor space and detract from the overall
usable building area. Below in Table 19 is a breakdown of the floor space used by the
mechanical equipment.

The Fuel Oil Room feeds the emergency generator and the Gas Room supplies the boilers with
natural gas. Space is lost on each floor from ducts that run between floors. This lost area is
found under the “Shafts” breakdown. The “Penthouse” is located on the roof and includes the
emergency generator, boiler, and mechanical storage rooms. Pumps and expansion tanks are
located in the Boiler Room. “Penthouse” area is not included in the overall lost usable space
because it is not considered usable space. This information was included to reflect how much
actual space the mechanical systems occupy. Furthermore, lost usable space is saved by the air
handlers and chillers being located on the roof. Hunter’s Point South School has no basement.

The floor area lost to electrical and plumbing systems is not included in this breakdown.
Further floor area is lost to these two systems.

Lost Usuable Space
Location Floor Area
Space Type (Floor) {square feet)

Fuel Qil Room 1st 132
Gas Room 1st 120
Shafts 2nd-5th 1429
Mechanical Penthouse Roof 19524*

Total 1681

*Mote: Not included in total.

Table 19 — Lost Usable Space

System Operations and Schematics
Air Side

AHU’s 1, 2,and 3
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Below in Figure 5 is a schematic for a typical VAV AHU (AHU 1, 2, or 3) as well as a terminal VAV

box. This AHU serves the classrooms, offices, corridors, and non-public areas with the
necessary heating, cooling and ventilation needed. The return fan and supply fan are both
equipped with variable frequency drives (VFD) so air can be modulated to the spaces or from
them depending upon the needs. The minimum outside damper is opened whenever the AHU
is in use. All AHU’s have the ability to run in economizer mode so the controls operating the
damper motors of the minimum outside air, maximum outside air, and exhaust air dampers are
all linked together. As much as 100% outside air can be supplied. A temperature sensor (TS)
and humidity sensor (HS) measure the return air conditions. A TS and HS are also located
outside the AHU to measure the outdoor conditions. The readings from the return air sensors
and outdoor air sensors work in conjunction with the space requirements to run the
economizer mode which modulates the dampers. Both the heating coil and cooling coils use
two way valves to modulate the amount of the propylene glycol — water mixture flow. The
heating coil performs the function of a preheat coil as well as having the ability to serve as a
regular heating coil.

The dehumidification of the supply air is accomplished by the wrap-around heat pipes (which
wraps around the cooling coil). A precool heat pipe is upstream of the cooling coil while a
reheat heat pipe is downstream. The precool heat pipe brings the warm air temperature down
bringing it closer to its dew point. Dehumidification can then occur across the cooling coil and
the reheat heat pipe then brings the supply air back up to its appropriate temperature. A
solenoid control valve is used to modulate the flow through the heat pipes which is controlled
by the outdoor and return humidity sensors. Finally a pressure sensor on the return and supply
side checks to make sure the pressure is balanced. If the pressure is off, the fans will vary flow

to remedy this. X OA
Wrap-Around
P N [T Dehumidification Pipes
Min OA
Heati
Return DM Ot Fiker Csi e
Ps) @) g Fan @ @ Supply Air to
Return } " WAV Boxes
Air from ||
Spaces p—
oM reFilker
VFD DM O—==g2e
HWR CHWS
Exhaust Air HWS
WAV Box
I.I'.lDM
Supply
Air fom Supply Ar
AHU to Space
%/ Thermostat
Controlier
Hvs (%€ HWS to Fin
. . Tube Radiators
Figure 5 — VAV AHU and VAV Box Schematic in Space
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The VAV box modulates based upon the space’s need. The controller is run by the thermostat

in the room and controls the damper motor and hot water supply to the fin tube radiators.
Each VAV box has a minimum turndown so each space will still receive minimum ventilation.

AHU’s 4,5, and 6

AHU’s 4, 5, and 6 are constant air volume systems. These AHU’s serve the gymnasium,
cafeteria/kitchen, and auditorium, respectively. Each fan motor in the AHU’s has a VFD and the
ability to run in economizer mode. A VFD is provided on the fans to ensure that the proper
CFM will be maintained when the filters get dirty. A schematic for AHU 4, 5, or 6 can be seen
below in Figure 6. Essentially the AHU’s work like the VAV AHU’s above except that there are
no VAV terminal boxes and a constant volume of air is supplied.

Max OA
Wrap-Around
St O Dehumidification F'pes
Min OA
Refurn DM O
Fan
Retum
Al Fom
Spaces hi
VFD aom
oMo
Exhaust Ar

Figure 6 — CAV AHU

Water Side
Chilled Water System

The chilled water system is composed of two packaged air-cooled water chillers in parallel that
serve the cooling coils of the AHU’s. This system can be seen below in Figure 7. The chilled
water loop is a primary-only variable flow design. The flow thorough the chillers’ evaporators
shall vary with the load. The bypass valve is used to maintain the minimum flow through the
chillers’ evaporators (when they are on). The flow to the terminal loads vary depending upon
the amount of gpm required. The chilled propylene glycol — water mixture is supplied at a
temperature of 44.4°F and sent to the AHU’s cooling coils. The return temperature is designed
to be 54°F, giving an approximate AT of 10°F for cooling. The chilled propylene glycol — water
mixture supplied from the chillers can bypass the cooling coils through the low flow bypass.
This bypass is controlled by a differential pressure sensor across it. When the load at the
terminals can no longer be met by one chiller, the second chiller will modulate on as well as the
pump. An air separator and expansion tank are located on the return side of the chilled water.

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report



Iaiad CIgaN Hunter’s Point South Intermediate School & High School

Temperature sensors are located on the upstream and downstream of the chillers to determine

the loads needed to be produced by the evaporators and that the chillers are operating
properly. A flow sensor (GPM in schematic) is used to measure flow from the chillers and to
check that the system is functioning properly.

Caooling Coilin
AHU

5 & %

) CHWS
ACH-1 ACH-Z
% % Low Flow
QEK Bhlp$5
VFD VFD Exparsion
Tank
———LcHwWR

A
Seperator

Figure 7 — Chilled Water System
Hot Water System

Natural gas is piped in through the gas meter in the Gas Room on the first floor. It is then piped
up through the building to the boilers in the mechanical penthouse. The boilers, air separator,
expansion tank, and pumps for the hot water system are all located in the mechanical
penthouse. The four natural gas fired, condensing boilers can produce 1860 MBH each of 35%
propylene glycol — water mixture. The three hot water circulating pumps have variable
frequency drives (one pump is used for standby). The pumping system is variable primary flow
with a bypass line. The bypass line is controlled by a differential pressure sensor. The hot
propylene glycol — water mixture is supplied at 140°F to the AHU’s heating coils, fin tube
radiators, cabinet heaters, and unit heaters. The solution is returned at 120°F giving a AT of
20°F for heating. Check valves control flow through the boilers and pumps. An air separator
and expansion tank are located on the supply side. The hot water system can be seen below in
Figure 8.
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Figure 8 — Hot Water System
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ASHRAE Standard 62.1-2007 Analysis

Section 5 Analysis

5.1 Natural Ventilation

Perimeter rooms have manually operable windows but the building spaces are mechanically
ventilated. Natural ventilation is not used.

5.2 Ventilation Air Distribution

Hunter’s Point South Intermediate School & High School was designed to comply with Q 1.1R
Minimum IAQ Performance/Increased Ventilation from the NYCSA’s Green School Guide. It
meets minimum ventilation standards set forth in Section 6 of ASHRAE Standard 62.1-2007.

5.3 Exhaust Duct Location

Fume hoods/acid cabinets located in the science classrooms and kitchen hoods each have their
own separate ducting for exhaust. The main bathrooms and some locker rooms share common
exhaust ducting. All exhaust ducts are negatively pressured to the surrounding spaces to
prevent leaks.

5.4 Ventilation System Controls

All six air handling units have two intake dampers for outside air. One is dedicated for
minimum outside air while the other is modulated to help reduce energy costs. Variable air
volume boxes have minimum turn down for dampers so airflow into the spaces complies with
minimum outside air from Section 6 of ASHRAE Standard. 62.1-2007.

5.5 Airstream Surfaces

Duct work is made from sheet metal; aluminum, galvanized steel, and stainless steel with metal
fasteners. Therefore duct work complies with the mold growth and erosion resistance outlined
in this section. Fiberglass lining for ducts is in compliance with ASTM C1338 (to prevent mold)
and UL 181 (to resist erosion). Flexible ducts are made from spiral-wound steel or corrugated
aluminum and comply with UL 181.

5.6 Outdoor Air Intakes

All outdoor air intakes for AHU’s are over 30 feet away from lab fume hood exhaust vents.
AHU’s have intake and exhaust outlets on opposite sides, each of which have stormproof
louvers or hoods to prevent entrainment of rainwater and an aluminum bird screen. Access
doors to AHU’s are easily accessible and have as much as an eight foot clearance around them.
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The only questionable aspect to the compliance for Hunter’s Point South School to this section
is a shaft smoke vent which is located eight feet from AHU-2’s intake. If AHU-2 is designed to
turn off in the event of a fire, then the school is in compliance. However, no information could
be found on the controls logistics that would incur during a fire for AHU-2's intake.

5.7 Local Capture of Contaminants

All noncombustion equipment (ex. fume hoods, kitchen equipment, etc.) have separate ducting
to the roof with their own dedicated fans. The diesel oil storage tank located on first floor
exhausts vapors through a vent brick in the wall.

5.8 Combustion Air

The emergency generator and boilers have direct venting to the atmosphere for their flue gas
through the roof and wall louvers of the mechanical roof penthouse. Adequate air is provided
to the four gas fired condensing boilers for combustion.

5.9 Particulate Matter Removal

All six AHU’s have a set of two filters located upstream of the cooling coil that comply with UL
900-1994. The first filter is a 2” thick, pleated type pre-filter that has a minimum efficiency of
MERV 7. The second filter is a 12” thick cartridge filter that has a minimum efficiency of MERV
13.

5.10 Dehumidification Systems

Dehumidification is accomplished by the wrap-around dehumidifier heat pipes in each AHU.
Relative humidity is limited below 65 percent by these heat pipes. The minimum outdoor air
intake is greater than the minimum exhaust for each air handler, so a positive pressure in the
building may be contained during dehumidification processes.

5.11 Drain Pans

The drain pans in the six AHU’s extend 1” upstream and 3” downstream of the cooling coils.
The pans consist of one-piece seamless stainless steel that is pitched towards the drain outlet.
Drain pans for the wrap around dehumidification heat pipes have the same specifications as the
ones outlined above for the AHU’s cooling coils. All drain pans comply with this section.

5.12 Finned-Tube Coils and Heat Exchangers

Split heat pumps have drain pans with integrated condensate pumps to distribute condensate
to the nearest sanitary drain with air gap. The finned tube radiators have 48 fins per foot. The
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number of coils varies per radiator, being either 1 or 2 coils. There is no mention of the 18”
intervening access space, however the pressure drop is less than 0.75 in wg so the equipment
outlined in this section complies.

5.13 Humidifiers and Water-Spray Systems

No humidifiers or water-spray systems are used in Hunter’s Point South School. This section
does not apply.

5.14 Access for Inspection, Cleaning, and Maintenance

Hunter’s Point South School complies with this section. All six AHU’s have multiple access doors
measuring 24” wide (some 30”) by 72” in height. The doors are situated so all required
equipment may be serviced, including the wrap-around heat pipes. There is an eight foot
clearance around access doors to allow workers plenty of space for inspection and
maintenance.

5.15 Building Envelope and Interior Surfaces

The exterior walls of Hunter’s Point South contain an air/vapor barrier and crystalline
waterproofing which is applied to the CMU blocks. The face brick fagade has weeping holes at
its base to drain accumulated water. The roof and foundation both use a rubberized asphalt
sheet membrane to prevent water infiltration. Ductwork and piping that has the potential to
fall below the local dew point will have adequate preventative insulation.

5.16 Buildings with Attached Parking Garages

There is no attached parking garage to Hunter’s Point South Intermediate School & High School.
This section does not apply.

5.17 Air Classification and Recirculation

The majority of air in Hunter’s Point South School is Class 1 air. Class 1 air is returned through
the ceiling plenum and recirculated back to the rooftop AHU’s where it can be reused or
exhausted. Class 1 air is also used to supply the restrooms in the building. Class 2 air from the
restrooms and locker rooms is ducted separately and exhausted on the roof. Grease hoods and
laboratory hoods exhaust the Class 4 air through their own separate ducts and vents on the
roof.

5.18 Requirements for Buildings Containing ETS Areas and ETS-Free Areas

No ETS Areas exist in Hunter’s Point South School. This section is irrelevant.
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Section 6 — Procedures

The six air handling units used in Hunter’s Point South Intermediate School & High School were
tested to verify their compliance with ASHRAE Standard 62.1-2007 Section 6 Ventilation Rate
Procedure. The individual AHU’s service multiple floors which have a variety of spaces. Due to
this it was beneficial to break up the zones into single rooms (or grouped rooms when multiple
similar occupancy type rooms existed) when analyzing the minimum required ventilation
needed. Below are the equations and tables used from ASHRAE Std. 62.1-2007 to complete the
Section 6 analysis, along with their variable definitions.

Ventilation Rate Procedure

Breathing Zone Outdoor Airflow (Vp,):
Viz =Ry P, + Ry A, (Eqg. 6-1)
Where:

V,, = breathing zone outdoor airflow — the design outdoor airflow required in the
breathing zone of the occupiable space or spaces in a zone

R, = outdoor airflow rate required per person (cfm/person), determined from Table 6-1

P, = zone population — the number of occupants in the space, this can be estimated
based on the occupant density in Table 6-1

R, = outdoor airflow rate required per unit area (cfm/ft?), determined from Table 6-1

A, = zone floor area (ft?)

Zone Air Distribution Effectiveness (E,):
E,=# (From Table 6-2)
Where:
E, = 1 for ceiling supply of cool air.

All AHU’s serve conditioned air to zones through ceiling diffusers. It was
assumed that all interior spaces would only need cooling and exterior rooms’
heating needs would be supplied by the fin tubed radiators. Therefore an E,
value of 1 was used for all rooms.

Zone Outdoor Airflow (Vo,):
Voz = Vbz/Ez (Eq. 6-2)
Where:
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V,, = zone outdoor airflow, the outdoor airflow that must be provided to the zone by
the supply air distribution system

Zone Primary Outdoor Air Fraction (Z,):

Zp = V;)z/v;)z (Eq- 6'5)
Where:
V,z = zone primary airflow, the primary airflow to the zone from the air handler

including outdoor air and recirculated return air

System Ventilation Efficiency (E,):

Use Table 6-3 to determine E,, however if max Z, is greater than 0.55 than Appendix A
must be used to compute E,.

Zone Ventilation Efficiency (E,,) for Single Supply Systems:
E,,=1+X;—-27, (Eq. A-1)
Where:

X, = average outdoor air fraction at the primary air handler
Xs = V;)u/vios

V,., = uncorrected outdoor air intake

Vps = system primary airflow, the total primary airflow supplied to all zones served by
the system from the air handling unit at which the outdoor air intake is located

Z4 = discharge outdoor air fraction
Zg =Vor/Vaz

V4, = zone discharge airflow, the expected supply airflow to the zone that includes
primary airflow and locally recirculated airflow

Uncorrected Outdoor Air Intake (Vou):
Vou =D * ¥ aii zones(Rp * P) + X i1 zones(Ra = A7) (Eq. 6-6)

Where:

D = occupant diversity
Occupant Diversity (D):

D = B /¥ au zonesPs (Eq. 6-7)
Where:
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P; = system population, the total population in the area served by the system

Outdoor Air Intake (Vo):
Vot = Vou/Ey (Eq. 6-8)

Appendix A contains the excel spreadsheets of each air handler’s results for minimum outdoor
air intake using the above calculations for ventilation. For AHU’s 4, 5, and 6, the minimum
ventilation supplied to each room is contrasted against the design condition. The NYC Green
Schools Guide requires all new schools, such as Hunter’s Point South Intermediate School &
High School, to be designed to use above 30% minimum ventilation air calculated in ASHRAE
Standard 62.1. This is outlined in Q1.1R Minimum IAQ Performance/Increased Ventilation in
the NYC Green Schools Guide. This is also a requirement for a LEED point that Hunter’s Point
South School is pursuing. Compliance with this increase has also been added to the analysis
and can be seen in Table 4 on page 8.

Occupant density (from Table 6-1) was not used to determine the number of people per space
because exact occupant numbers were given in the design. Some assumptions were made
based on the occupancy type for rooms where no similar match could be found. These
assumptions for occupancy type can be seen in the excel spreadsheets.

For VAV systems, V,, is equal to the minimum turn down for the VAV box. Hs Special Education
Room 517 (AHU-2) has a very low turndown for its VAV box. It is so low that the minimum
outside air needed will not be met when it is turned down fully, even if supply air is 100%
outside air. The Z, and E,, values calculated for it were disregarded because they created an
unrealistic strain on the system’s necessary ventilation. The VAV box can supply up to 660 cfm
to Room 517. This cfm is more than sufficient for the minimum ventilation. This means that
the damper on the VAV box will rarely ever be turned down low for this room, perhaps it will
just be turned down during the night when there is no occupancy so as to save on energy costs.

Table 4 on page 8 contains the minimum outdoor air intakes and calculated V. for each AHU.
Each AHU surpassed the corresponding calculated V... However, AHU’s 1 through 3 do not
supply the above 30% minimum ventilation required for the LEED’s point. This is fairly alarming
considering the high priority given to meeting the standards set by the NYC Green Schools
Guide and LEED’s criteria. AHU’s 1 through 3 are all VAV systems with VAV boxes. The
minimum outside air intakes were all calculated with the VAV boxes turned down to their
minimum supply position (worst case scenario). AHU’s 1 through 3 do have the ability to supply
up to 100% outside air. The ability to supply up to 100% outside air with the combination of a
good controls system should allow AHU-1, AHU-2, and AHU-3 to meet the above 30% minimum
ventilation.
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Summary of Analysis for ASHRAE Standard 62.1-2007

Hunter’s Point South Intermediate School & High School complied with all the requirements in
Section 5. There was only one area that caused concern which was the smoke vent located in
close proximity to AHU-2’s intake. The requirements for minimum ventilation were greatly
surpassed in Section 6 for all AHU’s. Three of the AHU’s even met the above 30% minimum
ventilation for a LEED’s credit; the other ones may too depending upon the control system
logistics. Hunter’s Point South was designed to meet the guidelines set forth by the New York
City Green Schools Guide. This governing body has helped push the envelope for the efficiency
and HVAC design in Hunter’s Point South School.
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ASHRAE Standard 90.1-2007 Analysis

Section 5 — Building Envelope

5.1.4 Climate Zone

From Figure B-1 and Table B-1 in ASHRAE Standard 90.1-2007 it was determined that Hunter’s
Point South Intermediate School & High School is located in climate zone 4A. This climate zone

is named Mixed-Humid and has roughly 5,400 heating degree days or fewer.

All of Alaska in Zone 7
except for the following
Boroughs in Zone 8:

Bethel Northwest Arctic
Dellingham Southeast Fairbanks
Fairbanks N. Star ~ Wade Hampton
Nome Yukon-Koyukuk
North Slope

Zone 1 includes
Hawaii, Guam,
Puerto Rico, 1
and the Virgin Islands

Figure 9 — Climate Regions in the United States

5.4 Mandatory Provisions

Hunter’s Point South has two enclosed vestibules located directly across from each other on the
north and south side. All the doors open inwards toward the vestibule and have self-closing
devices. The closest doors are located roughly eight feet apart so the doors need not be
opened at the same time.

5.5 Prescriptive Building Envelope Option

Hunter’s Point South School has nonresidential conditioned spaces. Below in Table 20, the
compliance for Hunter’s Point South School’s opagque elements is shown and tested against the
corresponding U-values, C-values, and F-values. Fenestration is also shown in Table 20. Note
that Hunter’s Point South has no basement and thus no walls below grade. No skylights exist in
Hunter’s Point South either. The Insulated Translucent Sandwich Panel System (ITSPS) and
typical windows have both been represented under fenestration. The total building glazing
area is calculated and compared in Table 21.
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Building Envelope Requirements for Zone 4A
Assembly | Insulation Min. Standard 90.1-2007
Maximum R-Value Hunter's Point Compliance?
Exterior Opaque Elements:
Roofs - Insulation Entirely above Deck U-0.048 R-20.0 c.i. U-0.05 Mo
Walls, Above Grade Mass U-0.104 R-9.5c.0. U-0.056 Yes
Slab-On-Grade Floors - Unheated F-0.73 MR F-0.49 Yes
Fenestration:
Vertical Glazing - Metal Framing
Typical Window U-0.50 SHGC-0.4 1J-0.30, SHGC-0.38 Yes
ITSPS U-0.50 SHGC-0.4 U-0.28, SHGC-0.23 Yes
Table 20 — Building Envelope Requirements
Glazing Area | Fagade Area | Percent | Standard 90.1-2007
(sf) (sf) Glazing Compliance?
Hunter's Paint | 46 975 70,080 24.2% Yes
South School

Table 21 — Vertical Fenestration Area

All exterior features of Hunter’s Point South School complied with the maximum assembly
values except for the roof, which barely missed compliance. The glazings used in the typical low
e-coating windows and insulated translucent sandwich panel system (ITSPS) greatly surpassed
the threshold needed. Since Hunter’s Point School must follow the NYC Green Schools Guide, it
is held too much higher constraints for energy efficiency than the ASHRAE Standard 90.1-2007
contains. The total glazing area of the fagade is well under 40% of the building’s exterior area.
Though some facades are composed of mainly glazing, the all brick facades on the southeast
corners balanced this out.

Section 6 — Heating, Ventilating, and Air-Conditioning

6.2 Compliance Path

Hunter’s Point South Intermediate School & High School cannot use the Simplified Approach for
HVAC Systems because it does not meet the requirements. The school is 153,769 square feet
and five stories tall. This is much greater than the 25,000 square feet and two stories restraint
needed for Section 6.3. The Mandatory Provisions method shall be used for Hunter’s Point
South School.

6.4 Mandatory Provisions
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Minimum equipment efficiencies are met for the HVAC equipment in Hunter’s Point South

School. Below in Table 22 are a few examples of the equipment characteristics. The systems
used in Hunter’s Point South School must abide by the NYC Green School Guide, which is based
off of ASHRAE requirements but contain more stringent goals. The values used in Table 3 were
pulled from Table 6.8.1A through 6.8.1G in ASHRAE Standard 90.1-2007.

ASHRAE 90.1-
Required Minimum| Hunter's Point 2007
Efficiency South School Compliant?
Air Cooled Water Chiller (with
condenser and electrically operated) COoP 2.8 COP 3.25 Yes
Gas-Fired Boiler (hot water) 75% 85.3-93% Yes
Split Heat Pump
(air cooled, cooling mode) SEER 10.0 EER 13.8 Yes

Table 22 — System Efficiencies

Thermostats in each zone control the heating and cooling needs for the space. For rooms
serviced by both VAV boxes and radiators or convectors, the two shall work integrally to control
the room conditions. Spaces are maintained at a temperature of 72°F when occupied, with a
cooling set point of 78°F and a heating set point of 65°F. Carbon dioxide sensors are used for
demand controlled ventilation in the auditorium and gymnasium. All AHU’s are equipped with
air-side economizers to further save on energy costs. A night time setback temperature of 55°F
(heating) or 86°F (cooling) is used so energy is not wasted conditioning the spaces at night.

Table 23 below shows the insulation needed for the different pipes. All ductwork requires 2”
rigid fiberglass or flexible fiberglass insulation except for exposed ductwork (with 55°F duct
temperature in cooling mode) in finished spaces that they serve and exhaust.

Fipe Insultion Thickness
Material <1.5" 2"-4" =4"
Cold Water | Fiberglass 1.0 1.5 1.5
Hot Water | Fiberglass 1.0 2.0 2.0
Refrigerant i
Fiberglass 1.5 2.0 2.0
{-32to 0°F)
Refrigerant| oo rolass 1.0 15 15
{0to 39°F)

Table 23 — Pipe Insulation Thickness

All duct sealant and their adhesives comply with the South Coast Air Quality Management
District (SCAQMD) Rule #1168 and the Sheet Metal and Air Conditioning Contractors’ National
Association (SMACNA). This complies with ASHRAE Standard 90.1-2007.
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6.5 Prescriptive Path

Dampers in the all the AHU’s provide 0-100% modulation of outside air, exhaust air, and return
air for economizer operation. The air-side economizers are run by dry bulb and relative
humidity control of outside and return air dampers. The high-limit shutoff controls meet the
requirements in Table 6.5.1.1.3B for the economizers.

The compliance with Table 6.5.3.1.1A Fan Power Limitations in ASHARAE Standard 90.1-2007 is
shown below in Table 24. All fans in the AHU’s have variable frequency drives. The majority of
other fans in the building are centrifugal fans. Due to the controls in the building and spaces,
every fan has the ability for variable volume control except FPB-1 and FPB-4, which service the
Science Preparation Rooms. These two fans are constant air volume (CAV) due to the nature of
the Science Preparation Rooms. These two rooms are used for instructors’ to prepare
chemicals for student use. They have very low occupancy needs but when in use the chemicals
must be flushed out through the fume hoods. From values calculated, all fans comply except
for the supply fans in each AHU.

Fan Power Fan Power
Compliant with Compliant with
ASHRAE ASHRAE
CFM WAV [CFM x Standard 90.1- CFM VAV [CFM x Standard 90.1-
Unit |#o0fFand HP {each) 0.0015) 20077 Unit |#ofFang HP {each) 0.0015) 20077
AHU-1 2 30 15000 221/2 No EF-6] 1 1/2 1060 13/5 Yes
2 15 13500 20 1/4 Yes il E 3/4 1440 21/6 Yes
AHU-2 2 30 15850 237/% No EF-8[ 1 1/4 300 4/g Yes
2 15 13550 2013 Yes EF-8[ 1 16 400 3/5 Yes
AHU-3[ 2 5 13500 20 1/4 No EF-10] 1 12 1310 2 Yes
2 10 12150 18 2/9 Yes EF-11 1 1/3 1000 11/2 Yes
AHU-4| 1 20 10430 15 2/3 No EF12] 1 1/4 220 13 Yes
1 71/2 9280 14 Yec EF-13 1 1/4 650 1 Yes
AHU-5 1 a0 18700 28 No EF-14] 1 1/4 220 1/3 Yes
1 10 12300 184/9 Yes EF-15] 1 1/4 220 1/3 Yes
aHU-s| 1 0 9600 14 2/5 Mo EF-16] 1 1/6 100 1/7 Yes
1 10 3200 13 4/5 Yes EF-17] 1 1/6 150 FIE) Yes
=R 11/2 | 3000 41/2 Yes EF-18] 1 18 150 e Yes
kB3l 1 5 2050 07 Ves se-1f 1 1/4 850 12/7 Yes
KE3 1 12 320 12 Ves FPE-2| 1 1/3 560 5/6 Yes
EF1 1 15 1300 2 Yes FFE-3| 1 1/3 925 1_2_f5 Yes
EF2| 1 15 1300 ] Yes CAV (CFM x
EF3| 1 1/3 700 1 Yes - D-DD;“
T T e - =
EF5| 1 3 5910 B 6/7 Yes - ! J Es

Table 24 — Fan Power

6.7 Submittals

A 100% Construction Document Submission was made to the NYC Green School Guide shortly
after the start of construction to make sure the requirements of the guide were upheld in
design. The New York City School Construction Authority (NYC SCA) has approved the building
of Hunter’s Point South School through design and system submissions. Hunter’s Point South
School is also design intended to be LEED Silver so an application for LEED certification will be
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submitted at completion. Commissioning shall take place at the completion of construction.
Records of Hunter’s Point South Intermediate School & High School shall be kept by the NYC
SCA.

Section 7 — Service Water Heating

7.4 Mandatory Provisions

The four condensing gas fired boilers in the boiler room are used to condition spaces’ thermal
needs. They need not be reviewed in this section because they do not supply potable water;
they supply a 35% propylene glycol — water mixture only for heating purposes. One gas fired
water heater is used to supply domestic hot water to Hunter’s Point South School. The water
heater was specified to comply with all efficiency guidelines set up in ASHRAE Standard 90.1-
2007. The water heater tank has insulation with a minimum value of R-13.4 and a designed E;
of no less than 81%. It complies with all requirements of Section 7.

7.5 Prescriptive Path

The gas fired water heater is not used to heat spaces. This section is irrelevant for it.

Section 8 — Power

Hunter’s Point South School is governed by the 2005 National Electric Code (NEC). The feeder
conductors’ and branch circuit voltage drops that must be met in the NEC surpass the
requirements set up in ASHRAE Standard 90.1-2007. Therefore, Hunter’s Point South School is
compliant with this section. Construction drawings contain the necessary single—line diagrams
and locations/areas served for the electrical distribution systems. On completion, the needed
manuals and maintenance manuals shall be provided to the building operators.

Section 9 - Lighting

9.2 Compliance Path

The Building Area Method has been chosen for analysis for Hunter’s Point South School.

9.4 Mandatory Provisions

Occupancy sensors that control lighting have been installed in all classrooms and some offices
for Hunter’s Point South School. They are set to turn the room lighting off 15 minutes after no
occupants have been detected. These sensors combined with room switches control the lights
in the areas. Hunter’s Point South School uses a lighting control system clock that automatically
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turns lights off/on based upon the schedule. A separate schedule is used for interior and
exterior lights. The system has an eight year back-up and automatically adjusts for daylight
savings.

9.5 Building Area Method Compliance Path

Exterior lights have been included in these calculations. For a school, the max lighting power
density is 1.2 W/ft>. Hunter’s Point South School has a LPD of 0.844 W/ft> which is well below
the mandated maximum. Below, Table 25 has the breakdown of the lighting fixtures and
fixture wattage by floors which led to the calculated value.

Lighting Power Density
Fixture 1st 2nd 3rd ath 5th Penthouse | W/fixture | Total W
A 1 100 100
C 2 2 2 2 25 200
TA 63 118 215 226 26 64 45312
TA-1 11 18 4 96 3168
TB 29 2 32 9952
TB-1 15 3 9 32 864
TC 19 69 57 53 36 64 14976
TC-1 44 5 5 5 13 64 4608
TD 32 256 8192
TF 15 21 10 8 32 1728
TF-1 48 39 3 6 5 32 3232
TF-2 11 9 ] 10 20 32 1792
TG 10 32 320
TL 53 12 a3 34 14 21 64 2896
TL-1 24 32 768
™M 30 128 3840
TN 41 36 3 231
TR 29 100 2900
TS 50 36 1800
T 22 17 11 3 93 64 9344
TU 5 26 130
TAA-1 ] 4 9 50 950
ThAA-2 4 50 200
TAB 12 15 20 20 14 64 5184
TAB-1 1 4 4 128 1152
TAC 2 1 64 192
TAC-1 1 2 2 2 32 224
TAD 17 64 1088
TAE 38 64 2432
TTB 3 100 300
TTH 8 575 4600
Exit Sign 15 7 12 10 9 1 2 108
Total Watts=| 129323
Building Area=| 153796
W/SF=| 0.844

Table 25 — Lighting Power Density
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Section 10 — Other Equipment

Minimum efficiencies for electrical motors are defined in this section based upon their
horsepower and revolutions per minute. Below in Table 26, the evaluation of the pumps in
Hunter’s Point South School is shown. None of the pumps comply with the minimum
efficiencies outlined in this section. The centrifugal fan motors are designed to meet the 2007
New York State Energy Conservation Construction Code and ASHRAE 90.1. All the centrifugal
fans therefore meet or exceed the requirements.

Electric Motors
. ASHRAE Standard
o Minimum

Pumps | Efficiency HP RPM o 90.1-2007
Efficiency i

Compliance
P-1 74.8 20 1750 91 Mo
p-2 7A.B 20 1750 91 Mo
P-3 74.8 20 1750 91 No
P-4 814 30 1750 92.4 Mo
P-5 21.4 30 1750 92.4 Mo
P-6 31.4 30 1750 92.4 Mo

Table 26 — Electric Motors

Summary of Analysis for ASHRAE Standard 90.1-2007

Overall Hunter’s Point South Intermediate School & High School did very well in its comparison
to the requirements for ASHRAE Standard 90.1-2007. It passed all requirements except for the
U-value for roof assembly; the supply fans in the AHU’s did not meet the fan power limitations,
and the motor efficiency for the pumps. The U- and R-values for the building enclosure all far
surpass the minimum standards. The glazing especially stands out and will greatly help save
energy on the thermal loads induced on the building. The supply fans in the AHU’s may not
comply with the fan power limitations but they do have variable frequency drives which will
help save on fan energy. The majority of electric motors in the building do comply; it is only the
pumps that fall short. The least efficient pump is only off by roughly 16% to meet efficiency.

It is no surprise Hunter’s Point South School did so well in this evaluation. The school was
designed under the strict energy conscious standards set forth by the NYC Green Schools Guide.
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LEED Rating System

The LEED rating system is not followed by Hunter’s Point South School. This is because it
follows the New York City Green School Guide. This guide is outlined very similar to LEED and is
required for new schools in New York City. The attempt is to make these school houses more
sustainable and green. Thus, Hunter’s Point South School is very environmentally conscious but
will not strive for any LEED status or even certification.

The NYC Green School Guide is based very much on the USGBC’s LEED rating system. Many of
the points for both systems overlap. Because of this, the analysis of the LEED rating system was
still done and is outlined below for the mechanical systems of Hunter’s Point South School.

Energy & Atmosphere

EA Prerequisite 1: Fundamental Commissioning of the Building
(Required)

Intent — Verify that the building’s energy related systems are installed, calibrated and perform
according to the owner’s project requirements, basic of design, and construction documents.

Execution — Upon completion of work, a test shall be conducted in the presence and under
direction of a licensed professional engineer or registered architect (retained by the contractor)
who is qualified to run such tests. These tests shall show compliance with the code
requirements for ventilation and proper operation of the HVAC devices.

EA Prerequisite 2: Minimum Energy Performance
(Required)

Intent — Establish the minimum level of energy efficiency for the proposed building and
systems.

Execution — Hunter’s Point South School complies with Sections 5.4, 6.4, 7.4, 8.4, 9.4, and 10.4
of ASHRAE Standard 90.1-2007 and from the building model ran by the design engineers there
is a 28.3% reduction in yearly energy cost from the baseline building of ASHRAE Standard 90.1-
2007 Appendix G.
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EA Prerequisite 3: Fundamental Refrigerant Management

(Required)
Intent — Reduce ozone depletion.

Execution — No CFC-based refrigerants are used. The chillers and heat pumps use R-410a as a
refrigerant.

EA Credit 1: Optimize Energy Performance
(6 of 10 Points)

Intent — Achieve increasing levels of energy performance above the baseline in the prerequisite
standard to reduce environmental and economic impacts associated with excessive energy use.

Execution — Following Appendix G of ASHRAE Standard 90.1-2007, Hunter’s Point South School
will save 28.3% in yearly energy cost over the base building. Since Hunter’s Point South School
is a new building it has stricter requirements and will only receive 6 out of the possible 10
points.

EA Credit 2: On-Site Renewable Energy
(0 of 3 Points)

Intent — Encourage and recognize increasing levels of on-site renewable energy self-supply in
order to reduce environmental and economic impacts associated with fossil fuel energy use.

Execution — No energy is generated from on-site renewable energy sources.

EA Credit 3: Enhanced Commissioning
(0 of 1 Point)

Intent — Begin the commissioning process early during the design process and execute
additional activities after systems performance verification is completed.

Execution — The commissioning for Hunter’s Point South School does not begin until the
construction phase. No input is gathered from the commissioners during the design phase.
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EA Credit 4: Enhanced Refrigerant Management

(1 of 1 Point)

Intent — Reduce ozone depletion and support early compliance with the Montreal Protocol
while minimizing direct contributions to global warming.

Execution — Following Option 2, a value of 44.4 was calculated for the weighted average
atmospheric impact due to the chillers and heat pumps. This is lower than the bar set at 100 by
LEED and therefore complies.

EA Credit 5: Measurement & Verification
(0 of 1 Point)
Intent — Provide for the ongoing accountability of building energy consumption over time.

Execution — No plans could be found to outline such a program being set forth.

EA Credit 6: Green Power
(1 of 1 Point)

Intent — Encourage the development and use of grid-source, renewable energy technologies on
a net zero pollution basis.

Execution — Hunter’s Point South will use 360,703 kWh per year of allocated green power for 2
years. This is above the 35% building’s electricity from renewable sources required by this
credit.

Indoor Environmental Quality

EQ Prerequisite 1: Minimum IAQ Performance
(Required)

Intent — Establish minimum indoor air quality (IAQ) performance to enhance indoor air quality
in buildings, thus contributing to the comfort and well-being of the occupants.
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Execution — Hunter’s Point South School follows both ASHRAE Standard 62.1 Section 6 and the
New York City Mechanical Code for minimum ventilation.

EQ Prerequisite 2: Environmental Tobacco Smoke (ETS) Control
(Required)

Intent — Minimize exposure of building occupants, indoor surfaces, and ventilation air
distribution system to Environmental Tobacco Smoke (ETS).

Execution — No smoking is allowed in Hunter’s Point South School and smoking areas outside of
the building are located far enough away as to comply with this prerequisite.

EQ Credit 1: Outdoor Air Delivery Monitoring
(1 of 1 Point)

Intent — Provide capacity for ventilation system monitoring to help sustain occupant comfort
and well-being.

Execution — CO, sensors are located in spaces of high occupancy. VAV boxes are controlled to
distribute at least the minimum amount of outside air required. This credit is attainable.

EQ Credit 2: Increased Ventilation
(0 of 1 Point)

Intent — Provide additional outdoor air ventilation to improve indoor air quality for improved
occupant comfort, well-being and productivity.

Execution — From technical report one, all constant air volume AHU’s meet the above 30%
minimum rates. However, the variable air volume AHU’s do not meet this requirement. This
credit is not attainable unless the minimum supplied fraction on the VAV boxes is ramped up.

EQ Credit 3.1: Construction IAQ Management Plan: During Construction

(1 of 1 Point)
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Intent — Reduce indoor air quality problems resulting from the construction/renovation process

in order to help sustain the comfort and well-being of construction workers and building
occupants.

Execution — The construction methods comply with the SMACNA (Sheet Metal and Air
Conditioning National Contractors Association) and filters are required to have a MERV of 8
during construction for return air grilles.

EQ Credit 3.2: Construction IAQ Management Plan: Before Occupancy
(1 of 1 Point)

Intent — Reduce indoor air quality problems resulting from the construction/renovation process
in order to help sustain the comfort and well-being of construction workers and building
occupants.

Execution — Through Option 1, a flush-out of Hunter’s Point South School will occur prior to
occupancy. It is up to the owner to determine which type of flush-out to use.

EQ Credit 4.1: Low-Emitting Materials: Adhesives & Sealants
(1 of 1 Point)

Intent — Reduce the quantity of indoor air contaminants that are odorous, irritating and/or
harmful to the comfort and well-being of installers and occupants.

Execution — Adhesives and sealants used fall below the VOC limits outlined in this credit.
Hunter’s Point South School was designed with low VOC emission in mind.

EQ Credit 4.2: Low-Emitting Materials: Paints & Coatings
(1 of 1 Point)

Intent — Reduce the quantity of indoor air contaminants that are odorous, irritating and/or
harmful to the comfort and well-being of installers and occupants.

Execution — Paints and coatings used fall below the VOC limits outlined in this credit.
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EQ Credit 4.3: Low-Emitting Materials: Carpet Systems

(1 of 1 Point)

Intent — Reduce the quantity of indoor air contaminants that are odorous, irritating and/or
harmful to the comfort and well-being of installers and occupants.

Execution — Carpets installed meet the necessary requirements and adhesives used fall below
the VOC limits outlined.

EQ Credit 4.4: Low-Emitting Materials: Composite Wood & Agrifiber Products
(1 of 1 Point)

Intent — Reduce the quantity of indoor air contaminants that are odorous, irritating and/or
harmful to the comfort and well-being of installers and occupants.

Execution — Composite wood and agrifiber products do not use any urea-formaldehyde resins.
This credit is attainable.

EQ Credit 5: Indoor Chemical & Pollutant Source Control
(1 of 1 Point)

Intent — Minimize exposure of building occupants to potentially hazardous particulates and
chemical pollutants.

Execution — Vestibules are used at all the main entrances to Hunter’s Point South School which
have dimensions greater than six feet in the direction of travel. Fume hoods are used to control
any pollutant sources created in the laboratories.

EQ Credit 6.1: Controllability of Systems: Lighting
(1 of 1 Point)

Intent — Provide a high level of lighting system control by individual occupants or by specific
groups in multi-occupant spaces (i.e. classrooms or conference areas) to promote the
productivity, comfort and well-being of building occupants.
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Execution — Over 90% of the lights in Hunter’s Point South School are controllable by building

occupants. Thereby this credit is attainable.

EQ Credit 6.2: Controllability of Systems: Thermal Comfort
(1 of 1 Point)

Intent — Provide a high level of thermal comfort system control by individual occupants or by
specific groups in multi-occupant spaces (i.e. classrooms or conference areas) to promote the
productivity, comfort and well-being of building occupants.

Execution — Operable windows and accessible thermostats are provided in the majority of
rooms. VAV boxes specifically serve one space each for better comfort control.

EQ Credit 7.1: Thermal Comfort: Design
(1 of 1 Point)

Intent — Provide a comfortable thermal environment that supports the productivity and well-
being of building occupants.

Execution — The HVAC systems and building envelope of Hunter’s Point South Building were
designed to meet ASHRAE Standard 55. This credit shall be earned.

EQ Credit 7.2: Thermal Comfort: Verification
(0 of 1 Point)
Intent — Provide for the assessment of building thermal comfort over time.

Execution — Verification of thermal comfort is not needed in the NYC Green School Guide.
Therefore there this credit will not be obtained.

EQ Credit 8.1: Daylight & Views: Daylight 75% of Spaces

(1 of 1 Point)
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Intent — Provide for the building occupants a connection between indoor spaces and the
outdoors through the introduction of daylight and views into the regularly occupied areas of
the building.

Execution — Through the calculation of Option 1, Hunter’s Point South School will obtain this
credit.

EQ Credit 8.2: Daylight & Views: Daylight 90% of Spaces
(1 of 1 Point)

Intent — Provide for the building occupants a connection between indoor spaces and the
outdoors through the introduction of daylight and views into the regularly occupied areas of
the building.

Execution — The majority of rooms in Hunter’s Point South School are located along the exterior
and thus have direct views outside. The rooms congregated in the middle of the school that
don’t have views are generally unoccupied rooms or rooms of short occupancy duration.
Because of this, Hunter’s Point South School has views in at least 90% of all regularly occupied
spaces.
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Overall Mechanical System Evaluation

The mechanical system for Hunter’s Point South School meets the requirements outlined for
design. The total mechanical system cost was $7,750,000 which is approximately $50.40 per
square foot. Two of the biggest cost factors were the ductwork and custom made air handling
units. Operating the building would cost $371,943 a year or $2.43 a square foot. Space was
saved by placing the mechanical equipment on the roof but extensive ductwork was still
required. A total of 1,681 square feet were lost to the mechanical system, the most of it being
shafts for ducting from floor to floor.

The variable and constant flow AHU’s meet the ventilation requirements outlined in ASHRAE
Standard 62.1. The VAV terminal boxes further help to save energy costs, however at times of
full turndown ventilation requirements may not be met. Since the ductwork and AHU’s
consume such a huge percent of the total mechanical system cost, perhaps a hydronic system
with a dedicated outside air system could be used instead. This would use smaller ductwork
and ventilation requirements would be more easily met. In using smaller ducts, floor area
would be saved because the vertical shafts would not need to be as big.

The evaluation for maintenance for the mechanical systems is mixed. Huge clearances are
given around the AHU’s as well as access doors. Chillers are easily reachable on the roof. All
proponents of the system are very accessible but no elevator goes up to the mechanical
penthouse or roof. Replacement of larger parts would be difficult. The only way to access the
chillers, AHU's, boilers, and generator is by using the stairs.

Fume hoods do an excellent job to remove hazardous chemicals from the laboratories and
science classrooms. However this energy is wasted. No heat recovery is used in Hunter’s Point
South School for any of the exhaust fans. Recovering exhausted heat can help save building
energy costs.

Moving forward, the mechanical system designed for Hunter’s Point South School is very good
but not flawless. Heat recovery is not present at all. The use of roof space for mechanical
equipment saves usable floor space but the use of a 100% outside air system with hydronic
heating and cooling could potentially save more floor space. From reviewing the construction
site, a large body of water is nearby but it is probably not close enough to be used effectively
for geothermal. Looking forward there are a few promising leads to improve the efficiency of
the mechanical systems of Hunter’s Point South School.
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Proposal

Alternatives Considered

Several alternatives were considered to improve the efficiency and operating costs of the
mechanical systems in place in Hunter’s Point South School. These alternatives are described
more in depth below.

Geothermal Heat Pumps

Geothermal heat pumps use the Earth’s constant temperature for heating or cooling purposes.
No combustion is needed and it has a relatively long life. Geothermal is an excellent design
idea and once the initial costs are paid off, the costs for heating or cooling is a fraction of the
original. The implementation of a geothermal heat pump was a favored topic to use but due to
the nature of the site it is not feasible.

Geothermal closed-loop systems require extensive excavating for the piping to be placed.
Excavating for Hunter’s Point South School is very costly and the footprint of the building is not
big enough to support the number of wells needed. Also, since Hunter’s Point South School is
located in the city, sewage lines and electrical wires could run right under the building. Open-
loop systems could not be used either because no body of water is located close enough to the
schoolhouse.

Reheat Recovery on Fume Hoods

No heat recovery has been used for the fume hoods. Using wrap around heat pipes and using
the exhaust to precondition the supply air would be a quick fix and simple solution. This idea
was highly considered but ultimately due to the sporadic use of the fume hoods and fear of
corrosive properties from the chemicals exhausted, it was abandoned.

Chilled Beam System

Chilled beam systems are an up and coming technology in the U.S. They can be used for both
heating and cooling purposes and are traditionally coupled with dedicated outdoor air systems
to supply a reduced amount of air to spaces. Chilled beams have the potential to have a huge
cost savings when combined with dedicated outdoor air systems. However, the use of chilled
beam systems is very limited in the U.S. Owners are skeptical if they run properly. Since chilled
beam systems have a cooling coil in the unit, people worry about water condensing on the coil
and it “raining” in the space. When properly designed this should not happen but still many
owners are skeptical in the U.S. so topic has been avoided.
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Cooling Tower

The two chillers located on the roof of Hunter’s Point South School are air-cooled. A possible
investigation into whether water cooled chillers would be more efficient would be a great
thesis topic. This would include designing a cooling tower and comparing the savings on
compressor energy while having to pay for makeup water versus the current air-cooled chillers.
This idea alone would not be enough and seems to be a stand-alone consideration. This was
considered but a more encompassing idea was preferred.

Mechanical Proposal

After looking through all the alternatives and some new ideas, the following changes were
proposed to the design of Hunter’s Point South School.

Dedicated Outdoor Air System (DOAS)

A dedicated outdoor air system will be used for ventilation air instead of AHU’s 1, 2, and 3. To
receive a point in the New York City Green Schools Guide, Hunter’s Point South should supply
above 30% outside air according to ASHRAE Standard 62.1. The CAV systems do meet this
requirement but the existing VAV system is problematic at times when the VAV boxes are fully
turned down.

The use of a DOAS is a simple solution to meet the ventilation needs. The air supplied by the
DOAS will be constant and sized to 30% of the minimum ventilation standard in ASHRAE Std.
62.1. This will insure that Hunter’s Point South will receive the Q1.1R Minimum IAQ
Performance/Increased Ventilation credit.

Another goal of using a DOAS, is that it will reduce the amount of ductwork needed in the
building. The ductwork was the biggest mechanical cost (excluding emergency generator/fuel
oil) and can be seen in Table 18 on page 17. Less ductwork will save on costs and should
increase the usable floor space by restricting the size of the floor to floor duct chases and runs.

The AHU'’s currently used by Hunter’s Point South School are the third biggest cost (seen above
in Table 18). A single DOAS can potentially replace AHU’s 1, 2, and 3. This will result in a
smaller system and more roof space. It will also lower the cost of the system and make the
operating system much simpler. Since all return air from spaces will be exhausted, the use of a
total energy recovery wheel will be beneficial so energy is not “thrown away”.

Total Energy Recovery Wheel
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ASHRAE Standard 90.1 requires any mechanical system that uses 100% outside air to have
some form of energy recovery. Currently, no heat recovery is used in the mechanical design for

Hunter’s Point South School. A total energy recovery wheel would be able to transfer sensible
and latent properties from the exhausted air of the DOAS to the incoming outdoor air. This will
bring the outside air closer to the supply air conditions and would greatly lower energy costs.
The dehumidification wrap around coils used in the original VAV AHU’s would not be needed in
the DOAS because of the wheel. A purge section in the wheels would help ensure no cross
contamination from the exhaust to the incoming outdoor air. In case there ever is a discharge
of chemicals in a lab room to the regular exhaust, this purge section can transfer energy to the
incoming outdoor air without spreading contaminants. Below, Figure 10 shows a how a purge
section is used with a wheel.

Exhaust
Exhaust Exhaust Air
Rotation
\ from Exhaust
|= Purged Air
@ Purge Flow
Section Purge —
To SAGH Outside
Air

8 Supply Air ﬁ

Fan L 2

Wheel
Front Cross Section Side Cross Section
with Upstream Exhaust with Purge Section

Figure 10 —Total Energy Recovery Wheel with Purge Section

Fan-Powered Induction Units (FPIU)

The classrooms, offices, lab rooms, corridors, and non-public spaces are served by the VAV
AHU’s 1, 2, and 3 which have VAV boxes as the terminal units. These spaces require the most
cost to condition. VAV’s systems are well suited to help lower energy costs but as explained
before, they are problematic in reaching the minimum ventilation requirements when fully
turned down. Using fan-powered induction units would work well in place of the VAV boxes.
FPIU’s have a dedicated outdoor air supply so minimum ventilation can always be met. Since
only minimum outside air is ducted to the rooms, duct sizes will be dramatically reduced.
Additional air is recirculated from the plenum and mixed with the outside air. The FPIU’s allow
for easy control of temperatures in spaces since both a cooling coil and heating coil can be
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placed in the unit. This increases the comfort level for occupants in space and allows for turn
down when the space isn’t occupied. Each different space is more easily controlled to exactly
the thermal needs it has. It is important to mention that the FPIU’s have drip pans under the

cooling coils incase air would condense. This is will prevent the internal “rain” that makes
owner’s wary of chilled beams. Also, the chilled water supplied to these cooling coils will be of

a much higher temperature so no condensing will occur.

Though duct sizes may be reduced, piping will have to be provided to the FPIU’s for cooling and
heating coils. This will increase piping costs but hopefully not enough to overcome the savings
from the smaller ducts. Using fan-powered induction units will hopefully help save on energy
costs while allowing for an increase in thermal comfort. Below in Figure 11 is a picture of the
Krueger KLPS-D FPIU (the one chosen to be used). Note that an optional MERV 8 Filter can be
put on the recirculated plenum air. Adding this filter, will allow for the addition of a LEED point.

Sensible Cooling Coil

Optional MERV 8 Filter Ty
# /
: Dedicated Outdoor
Standard Ceiling Diffusers — Air Supply
= Series Fan Powered
Terminal Unit

Y

Standard Reheat Options

Figure 11 — Fan-Powered Induction Unit

Chilled Water System

Since fan powered induction units will be used as the new terminal device, the sensible loads
for each space will be met at the zone through recirculated plenum air. The plenum air will run
through a cooling coil above the served spaces. A new chilled water system will have to be
designed to supply chilled water at a high enough temperature so that air will not condense on
the cooling coils and cause mold or water damage above the served spaces. A drip pan is
included in the FPIU’s but this should be used as a last line of defense. A chiller system
supplying two different temperature chilled waters should suffice, meaning atleast two
different chillers with two different chilled water loops. The AHU’s and DOAS will be supplied
with the current 44°F propylene glycol — water mixture while a new chiller will supply the FPIU’s
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cooling coils with a higher temperature propylene glycol — water mixture, which is high enough

to ensure no condensation.

Benefits of the Proposed Design

Indoor air quality should be greatly increased through the proposed mechanical redesign. The
correct amount of outside air used in the spaces will always be met and the thermal comfort of
the rooms shall be easier to control. Free up of the rooftop space will allow for an area for
photovoltaic solar panels to be installed. Finally the integration of a total energy recovery
wheel and FPIU’s should increase efficiency and lower economic costs.

Breadth Topics

Solar Photovoltaic Panels (Electrical Breadth)

Through all the proposed mechanical changes, extra space will be created on the roof. Figure
12 on the next page shows the proposed open area. This open area on the roof is south facing,
making it a great source for solar power generation. A parapet currently exists all along the
roof. The parapet can be reduced in size along the southern walls to allow for sun light to reach
the panels. Though the space is not enough to generate a large chunk of Hunter’s Point South
School’s electricity needs, solar photovoltaic panels can cut cost and have a reasonable payback
time with the current rebates in New York. In the long run, the solar panels will offset enough
electricity costs to make money for the school. Energy generated from these panels is also
clean and will not pollute the environment. This will further add to the schools sustainable
footprint. The design and integration of tying a solar system into the existing electrical system
of Hunter’s Point South School shall be included in this breadth. The sizing of the inverter(s) and
breaker(s) will be calculated as well as the feeders. An economic analysis on the payback
period and energy generated by the panels shall also be performed.
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Figure 12 — Proposed Roof Layout

Analysis of the Roof System (Structural Breadth)

With all the moving around of AHU'’s, chillers, and adding solar photovoltaic panels, an analysis
of the roof of Hunter’s Point South School is in order. Whenever solar photovoltaic panels are
installed on a roof, a structural analysis must first be performed. The analysis set up will test
whether the existing roof system for the schoolhouse can support all these changes. The roof
deck, beams, girders, and columns that have increased loads on them due to the
adding/moving around of equipment will be tested. Calculations for strength and deflection
will be performed by hand and if the structure fails, a new one that can hold the loads will be

specified.

Solar Panels (breadth)
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MAE Course Relation

Since the terminal units are being changed, it is necessary to make sure that the air in spaces is
still well circulated. With the information gained in AE 559 Computational Fluid Dynamics, a
study may be conducted into how well air is supplied and mixed within the rooms through the
FPIU’s. This shall show if any dead zones/drafts may exist and give a better picture of how
thermally comfortable the spaces will be to occupants. The air distribution and circulation of
the new fan powered induction units will be compared against the old VAV box systems.

Tools for Analysis

Below is a list of a few programs that shall be used for the integration of the above proposed
designs.

Trane TRACE 700

This program will be used to run load calculations on spaces so the FPIU’s can be sized properly
as well as the DOAS system. An energy analysis will also be performed using TRACE to see the
feasibility and life cycle costs of these systems.

Engineering Equation Solver (EES)

EES is an advanced equation solving software. Coupled with excel, problems not easily solved
by hand can be made much quicker.

AutoCAD

AutoCAD can be used to take measurements and areas for the different rooms. It is also an
excellent tool to use to draw diagrams for the systems and outline proposed piping/duct
layouts.

Codes and Standards

Codes and standards for design as well as safe practice will need to be investigated throughout
the redesign work. Compliance with the 2007 New York State Mechanical Code, New York City
Green Schools Guide, and ASHRAE Standards 62.1 and 90.1 will be checked periodically.
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Mechanical Depth

DOAS Sizing

The first step in sizing the DOAS units was to calculate the amount of ventilation air needed for
each space supplied by the DOAS. Since Hunter’s Point South School is located in New York
City, it must follow the New York City Mechanical Code. The school also abides by the
guidelines set up in the New York City Green Schools Guide. The Q1.1R Minimum IAQ
Performance/Increased Ventilation point that Hunter’s Point South is striving to receive
requires above 30% minimum ventilation as calculated in ASHRAE Standard 62.1 Section 6.
Therefore, the amount of outside air needed to be supplied to each room is determined by the
highest constraint between the NYC Mechanical Code, NYC Green Schools Guide, and the latent
load for the space. The latent load for each space was determined using the equation:

Qlatent = 0.69 X CFM X Aw
Quatent: The latent load in the space (Btu/hr).

CFM: The outside air (cubic feet per minute) supplied to the room. Only the ventilation air to
the room is used here because the DOAS does the entire latent load for each space
served.

Aw: The difference in the room humidity ratio to the supply humidity ratio (grains of moisture
per pound of dry air).

The room set point for Hunter’s Point South School is 75°F and 50% relative humidity. This
gives a value of 65 grains/Ib in each room. Outside air with a lower grains/Ib will be needed to
be supplied to each room to offset the latent load generated by the occupants. A supply
grains/lb of 45 was chosen for the outside air. This would generate a Aw of 20. The latent load
given off by occupants was found in the 2009 ASHRAE Fundamentals Handbook on page 18.4.
250 and 200 Btu/hr was used for walking and sitting occupants, respectively. No appliances in
any of the spaces served by the DOAS gave off a latent load (so the latent load was only
determined by occupants). Also, since the building is positively pressurized it was assumed no
outside air leaks in which would further complicate the latent load calculations. Rearranging
the above equation to solve for CFM gives:

The calculation for latent load can be seen in Appendix D. The calculation for minimum
ventilation air for the New York State Mechanical Code and for 30% above ASHRAE Standard
62.1 can be seen in Appendix E and C, respectively. Once all the ventilation needs were found,
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the largest was chosen as the amount of outside supply air to the space. This can be seen in

Appendix F.

This led to a total outside air supply of 36,865 CFM for the DOAS. This is a 23% reduction in
ventilation air and 58% reduction in air supplied to the terminal units supplying the rooms from
the rooftop units.

The next process was determining the amount of exhaust air needed by the DOAS. Less air is
needed to be exhaust than supplied to allow for building pressurization and exfiltration to
occur. Since the building will be positively pressurized to the outside, approximately 0.025
CFM/SF-fagade will be lost to exfiltration (so you can exhaust this much less). The locker rooms
and bathrooms have their own dedicated exhaust system (8,410 CFM). This CFM exhausted by
the dedicated exhaust system can be subtracted from the amount of CFM needed to be
exhausted by the DOAS. The total amount of air exhausted will then be:

36,865 CFM — (0.025—
SF Facade
= 26,292 CFM

x 70,515 SF Facade) — 8,410 CFM

This means that the DOAS will have to exhaust 26,292 CFM to keep building pressurization. Art
classrooms require 0.7 cfm/sf exhaust according to Table 6-4 in ASHRAE Standard 62.1. This
means that 105 Is Art and 552 Hs Art rooms will need to exhaust 762 and 736 cfm, respectively.
Since the supply outside air cfm is much greater than these exhaust needs, exhausting the
correct amount of air will not be a problem. Other rooms with minimum exhaust rates are
shown below in Table 27.

Minimum Exhaust

Room Type Rates (cfm/sf)
Art Classrooms 0.70
Copy/Printing Rooms 0.50
Educational Science
Laboratories 1.00
lanitor Closets 1.00
Dressing Rooms 0.25
Locker Rooms 0.50
Toilets - public 50 cfm/ftoilet

Table 27 — Minimum Exhaust Rates

The external static pressure (esp) for the fan in the DOAS had to be calculated next. Early in the
process of laying out the new duct runs, it was determined that it would be better to use two
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DOAS rather than one. This would allow for shorter duct runs and allow the system to run

more smoothly (since you don’t have all the rooms hooked up to one unit). DOAS 1 would be
placed in AHU 3’s current position and DOAS 2 would be placed in AHU 1’s spot. This new
arrangement can be seen in Figure 13 below. Note also, this means that the east roof will now
be used as the area for solar panel installation although some exhaust runs may need to be
moved. Table 28 below shows the restrictions on air velocity through the ducts based on noise
criteria. Ducts were sized using these requirements along with a ductulator (duct calculator).

Run Type |Air Velocity (fpm) |Design RC [NC)
Riser 1700 25
Main 1500 25
Branch 1000 35
After FPIU 500 25
Diffuser 350 25
Return 425 25

Table 28 — FPM for Duct Runs

No Longer Needed

Figure 13 — DOAS 1 and DOAS 2 Positioning
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The new Air Flow Diagrams can be seen below in Figure 14 for DOAS 1 and Figure 15 for DOAS

2.
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Figure 14 — Air Flow Diagram DOAS 1
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Figure 15 — Air Flow Diagram DOAS 2

The complete new duct layouts can be seen in Appendix G. The ducts are actually oversized

due to an early error in oversizing the ventilation air needed for the two DOAS’s. An oversizing

of the ducts will cause the air to flow smoother through the ducts causing less noise so this

early error is not a problem. Note that FSD refers to fire smoke damper in the layouts.
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The fan external static pressure (esp) could then be calculated once all the new ducts had been
laid out and sized. The fan esp is the pressure drop along the longest duct run from the
discharge of the DOAS to the FPIU serving the room (no internal drops from the DOAS). The
reason the esp is not calculated to the diffuser in this case is because the FPIU has a fan in it

which can raise the pressure of the air to the space. The longest run for DOAS 1 was from the
supply fan discharge to the library on the second floor. The longest run for DOAS 2 was from
the supply fan discharge to the Vault W. Anteroom on the first floor. The return fans’ longest
run for both DOAS were from a return on the first floor up through the plenum to the return
fan. Pressure drop in the duct runs occur due to friction losses and dynamic losses. The friction
losses are the pressure drop associated with friction between the air and the duct. Friction loss
is calculated by:

AP; = Length of Run X Friction Loss <+ 100
APy Friction Loss (inches water gauge)
Length of Run: Distance of the duct run (feet)
Friction Loss: Pressure drop in inches water gauge per 100 feet of duct run

The dynamic losses are caused by bends, turns, and other impediments along the run. Dynamic
loses are calculated by:

AP, = C X P,
AP;: Dynamic Loss (inches water gauge)

C: Local loss coefficient (dimensionless)

P.: Velocity pressure (inches water gauge)

The friction loss (inches water gauge per 100 feet of run) and velocity pressure were found
using a ductulator. The local loss coefficient C was calculated using the charts at the end of
chapter 21 in the 2009 ASHRAE Handbook of Fundamentals and interpolation/extrapolation. A
list of all the pressure drops that occurred in the runs can be seen in Appendices H through K.
Below in Table 29 is the esp calculated for each of the DOAS’s supply and return fans.

Fan External Static Pressure
(inches water gauge)

DOAS1 DOAS 2
Supply Fan 2.77 1.84
Return Fan 1.50 1.18

Table 29 — ESP Fans
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With this last piece of information, the data was given to a manufacture at Havtech to size two
DOAS units that could meet the following criteria seen below in Table 30.

DOAS 1 DOAS 2
Supply Air {cfm): 13230 23635
Return Air (cfm): 9436 16856
OA design Conditions:
Winter:| 12.8 DB, -5.4 dew point
Summer:| 89.7 DB, 72 dew point
Supply air conditions: |
Winter:| 55 DB, 48 dew point
Summer:| 45 DB, dew point 453
Room Setpoints: |

Winter: 72DB, 30% rh

Summer: 75 DB, 50% rh
Supply Fan E.5.P.: 2.77 1.84
Return Fan E.5.P.: 1.5 1.18
Chilled Water Entering (F): 444 444
Chilled Water Leaving (F): 54 54
Hot Water Entering (F): 140 140
Hot Water Leaving (F}): 120 120
Units outside: Yes Yes

Table 30 — DOAS Information

The specifications for the two DOAS units chosen can be seen in Appendices L and N as well as
their physical dimensions in Appendices M and O. In this analysis, dehumidification wrap
around heat pipes were considered but were advised against according to the manufacturer. A
total energy wheel was chosen for both DOAS instead. More on this feature can be seen in the
next section. An important point to notice is that both the new systems weigh less than the
current systems that sit in their place. This is very helpful because it means a structural analysis
will not be needed for these two units.
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Total Energy Recovery Wheel

Once the conditions for the two DOAS units were found, the energy recovery wheel could be
chosen. An energy recovery system of some type is required for air handlers using 100%
outside air as supply. The energy recovery wheel was not only given consideration because of
this guideline but also because the exhaust airflow has a lot of useful energy that can be
utilized. Currently, Hunter’s Point South School has no energy recovery devices for the air
handlers. This is a bit strange considering it must abide by the New York City Green Schools
Guide. An energy recovery wheel would be a great way to make the building more efficient
because it could then recover both sensible and latent energy from the exhaust air stream.
Recovering energy for both sensible and latent will allow for maximum savings. The wheel was
placed in the typical spot for a preheat coil since in the winter it can do the job of the coil. Itis
usually a good idea to include a preheat coil even though the wheel will heat the air above the
dew point of the cooling coil because the wheel could fail. For this report it was assumed the
wheel would not break down. Also, adding a preheat coil with the wheel would create too
great of a static pressure drop for the fan.

Below in Figure 16 is the energy recovery wheel in cooling mode at worst case scenario in the

summer.
Cooling Coil Heating Coil
Outside Air: Air to Cooling Coil:
89.7DB, 76.8WB 82.2DB, 70.8WB Air: Air to Spaces:
s
46.4DB,
46.2WB
¢ (46gr/Ib)
Exhaust Air: Air From Plenum:

75DB, 62.5WB
85.7DB, 73.0WB

Figure 16 — Energy Recovery Wheel Cooling Mode

The cooling coil specified by the manufacturer can’t actually get the supply air down to the
correct gr/lb of 45 (can get down to roughly 46 gr/lb). This means that for a few days a year the
space humidity may be a bit higher than the set point but it should still fall within the thermal
comfort level specified in ASHRAE Std. 55. The other days of the year for cooling the gr/lb of
the supply air will be 45 as designed. Note that an added heating coil is downstream of the
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cooling coil for temperature reset. Figure 17 is the energy recovery wheel in heating mode at
worst case scenario in the winter.

Outside Air: Air to Cooling Coil: Air to Spaces:
—
12.8DB, 10.0WB 43.6DB, 39.9WB (31gr/Ib) (31gr/Ib)
Exhaust Air: Air From Plenum:
P R
28.1DB, 28.0WB 72DB, 59.9WB

Figure 17 — Energy Recovery Wheel Heating Mode

The total energy recovery wheel does the majority of the heating of the air in the winter. The
cooling coil is neglected from the above diagram because it is not needed since the latent load
is met by the moisture of the outside air. In this scenario the heating coil will be used to bump
up the supply air temperature to the lowest temperature required by the served spaces.

The effectiveness of the total energy recovery wheels can be seen below in Table 31 for the
worst case summer and winter design days.

Summer Worst Case Winter Worst Case
Total Energy Total Energy
Latent Sensible Total Recovered Latent Sensible Total Recovered
Effectiveness | Effectivness |Effectiveness| (Btu/hr) |Effectiveness|Effectivness|Effectiveness| (Btu/hr)
DoAS 1 68.62% 75.30% 70.75% 345,881 70.81% 77.20% 74.55% 675,484
DOAS 2 68.67% 75.34% 70.80% 618,195 70.86% 77.24% 74.59% 1,207,247
Total: 964,076 Total: 1,882,731

Table 31 — Effectiveness of Wheel

The biggest savings for the total energy recovery wheel is from heating. The wheels save a total
of 14,817 therms of natural gas a year. This equates to an energy savings of $22,848. This is
due to the fact that the wheels can do the complete heating of the OA during the winter.
Electricity usage also decreases by 17,159 kWh per year, a savings of $3,260 a year. The wheel
requires electricity to run but saves enough energy by displacing the energy needed to run
pumps to serve the heating coils a typical AHU or DOAS would have. This gives a total savings
of $26,108 a year for using total energy recovery wheels. The wheels cost (including
labor/installation) $23,875 and $42,652, respectively for DOAS 1 and DOAS 2.
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Fan Powered Induction Units

The chilled water supplied to the FPIU’s cooling coils must be warm enough so that the return
plenum air does not condense on them. The cooling coil’s temperature can be assumed to be
the same as the chilled propylene-glycol water mixture running through it. The summer and
winter air conditions are 75°F and 72°F, respectively with 50% relative humidity. Since relative
humidity readings can fluctuate +/- 5%, the worst case scenario will be plenum air in the
summer. This worst case condition can have the air be 75°F DB with 55% relative humidity.
The dew point for air at this condition can be seen below in Figure 18.
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Figure 18 — Dew Point on FPIU’s Cooling Coil

The star in the figure shows the 75°F DB with 55% relative humidity air. For this condition, the
dew point of the air will be slightly lower that 58°F. This means that the CHW supply must not
be any lower than 58°F or else the air may condense on the cooling coil. Since this is worst case

scenario and the supplied CHW will heat up a bit due to friction, 58°F CHW supply from the
chiller should prevent condensing on the coils.
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Once the supply chilled water temperature was chosen, the cooling coils for each FPIU could be
sized. The room peak sensible cooling loads were taken from TRACE. When the max cooling
occurs in a room, the DOAS will be supply the room with 47°F air (46°F air comes off the coil so
add one degree for friction). This primary air in conjunction with the recirculated cooled

plenum air will take care of the room’s sensible cooling. First the amount of cooling the
primary air does for the space was calculated using:

Qsensible = 1.1 X CFM X AT

Qsenible: Cooling applied to space (Btu/hr)
CFM: Supply primary air to space

AT: Temperature difference of room and supply air. The max cooling will occur in the summer
when the room set point is 75°F and the supply air is 47°F. This gives a AT equal to 28°F.

The excess cooling needed for each room and the cooling coil sizing can be seen in Appendix P.
For spaces were a negative excess cooling value is shown, means that the space is overcooled.
Therefore no cooling coil is needed. In fact, if a space is overcooled than a heating coil must be
used. Since the fin tube radiators are being replaced by heating coils in the FPIU’s, these
heating coils can be used for this purpose.

Some rooms require further cooling than just the primary air. The coiling coil sizing for each
room was based on the manufacture’s specifications in Appendix Q (cooling coil size) for 75°F
plenum air and 58°F entering 30% propylene glycol — water mixture. The coil sizing had to take
into account the max deliverable fan CFM to the space as well as the primary air CFM. This can
be seen in Table 32 below or Appendix R.

Max Primary | Max Fan SR
Unit Size CFM CFM L W H
3 920 1100 40" 26" 11"
3 1430 1660 46" 356" 7

Table 32 — FPIU’s Fan CFM

Some spaces were able to share FPIU units. These spaces needed the same ventilation
requirements as well as similar cooling needs. In general, each classroom received its own FPIU
(sometimes two if the cooling load was too great for one). Spaces that were able to share
FPIU’s were generally very small interior offices (ex. 308, 308A, and 308B) or small offices along
the same exterior wall (ex. 551A and 551B).
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FPIU’s have the ability to include heating coils. Since the fin tube radiators will be removed for
the rooms, heating coils in the FPIU’s will be used to heat the spaces. The calculation for the
heating coil sizes can be seen in Appendix S. In sizing the heating coils, both the room loses
(due to walls, windows, etc.) and the cooling done by the primary air flow to the room had to
be accounted for. Appendix T has the manufacturer’s heating coil size specifications used in

this analysis.

FPIU’s supply a constant volume of air to the room. The heating and cooling coils both require
different amounts of air to generate their capacity. The FPIU will use the bigger air volume so
the full load for cooling or heating can both be provided. The FPIU could switch between flows
for the two scenarios but this would cause added noise and is not ideal.

Below are the price calculations for the FPIU’s in Table 33. The total install cost including labor
and a location factor was found to be $241,809. This is an increase from the original design
cost of the VAV boxes (which can be seen in the results section).

Heating
Mumber of Cooling Coil Total Cost of
FPIU's Unit Size |Coil Rows| Rows |Costper Unit Units
22 3 0 1| 5 738.00| $ 16,236.00
16 3 ] 2| 5 970.00| 5 15,520.00
33 3 2 1| § 1,027.00 [ $ 33,891.00
7 3 2 2| $ 1,185.00 (S 8,295.00
3 4 15 1,375.00 [ & 9,625.00
3 4 2| $ 141500 (% 7,075.00
12 5 0 2| $ 1,090.00 [ $ 13,080.00
14 5 2 2| § 1,355.00 [ § 18,970.00
2 3 4 1/ 5 1,360.00 [ S 2,720.00
13 5 4 2| $ 1,410.00 [ $ 18,330.00
2 5 5] 1/ 5 1,655.00 [ § 3,310.00
11 3 5] 2| $ 1,700.00 [ $ 18,700.00
Total =| $133,996.00
| Total {with installation/labor/LF)=| 5241,809.18

Table 33 — FPIU’s Cost

Once all the FPIU’s were sized and the DOAS units chosen, the new alternate ductwork could be
finalized. The new duct work was calculated to be $227,498. This was done by finding the
pounds of steel for the new duct work and using the 2012 RS Means Mechanical Data. A
sample of this calculation can be seen in Appendix U and explained more below.
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The galvanized rectangular steel ducts must be in accordance with SMACNA HVAC Duct

Construction Standards. For simplification, it was assumed that all ductwork was of 26 gauge
(both rectangular and circular ducts). The duct cost estimation was done using the RS Means
Mechanical Cost Data 2012. Since the cost is given in pounds for galvanized rectangular
ductwork in the RS Means, the weight per linear foot of ductwork was first calculated. 26
gauge duct weighs 0.906 pounds per square foot. An example of calculating the pounds per
foot of duct can be seen below for a 32”x44” duct.

Perimeter = 2 X 32+ 2 X 44 = 152 inches

b

== 152 inches X 0.90615—]; + 12 (convertin to ft) = 11.5 Ib/ft

A factor for 30% fittings, elevated installation (10 to 15 feet), and medium pressure duct
installation was included in the labor cost. The total cost including overhead and profit was
then multiplied by the location factor to give a total of $10.89 per Ib of rectangular duct. Cost
data for circular galvanized ductwork was found directly in the RS Means. It was estimated that
there was a cost of $1.00 per sf of insulation on the supply duct.

The circular ducts are shown as single line diagrams as to not clutter the drawings any more.
The last 3 feet of the circular duct runs to each diffuser are flexible duct, as specified in the
specs. Note that the duct work up to the FPIU’s is correct; downstream it may be a bit off due
to reevaluation of the cfm recirculated by the boxes. However, this should still give a good
representation of the design layout.

Secondary Chilled Water Loop Piping

The piping for the secondary chilled water loop (to the FPIU’s) had to be laid out too so it could
be priced. Since the fin tube radiators in the rooms served by the FPIU’s were being replaced
by heating coils in the FPIU’s, it was assumed that the piping for the FPIU’s heating coils would
be equal to the piping for the fin tube radiators. Because of this no new added cost would be
needed for the heating pipe loop. The primary chilled water loop which runs from the new 225
ton chillers to the AHU’s and DOAS units’ cooling coils (this sizing will be explained more later)
was not resized. If anything, the piping would be reduced and possibly the pump as well
because there is less flow rate and the pressure drop across the evaporators are now 15.8 feet
opposed to the original chillers’ having a pressure drop of 23 feet. It was assumed the price for
the primary chilled water loop would not change significantly to alter the cost analysis.
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The secondary chilled water loop would have to be priced as well as size a pump for the system.
To save time, the supply chilled water piping layout for floor 2 was calculated and multiplied by
eleven (one supply and return for each level = 10 and 1 extra since it will be a reverse return
system). Floors 3 and 4 have the most FPIU’s and piping needs while 5 and 1 have the least.
The 2" floor is a good representation of the average piping needed on each floor. Since the air
is being served to the space at 47°F, it was calculated only 178 gpm would need to be circulated
to the cooling coils of the FPIU’s to meet the further cooling needed (can be seen by adding up
the values in Appendix P cooling coils for fpiu’s).

In sizing the pipe, the velocity limit was 4 ft/sec for pipes 2 inches or smaller and for pipes over
2 inches a head loss of 4 ft per 100 ft run max was instituted. These limitations are used
because the piping will run overhead of occupants and if as long as the layout follows these
guidelines, then there should not be a noise problem. Schedule 40 steel piping was used and
the friction loss chart for it can be seen on the next page in Figure 19. This chart assumes 60°F
water which is very close to the 58°F in this design — so no adjustments were needed.
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Figure 19 — Friction Loss Chart for Schedule 40 Steel

To further ease sizing the pipes, the chart in Figure x below was used. This is a simplification of
Figure 20 above.
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Water Pipe Sizing Table

| Maximum GPM
z::: Schedule 40 Steel | Schedule 40 Steel | KCopper
Open Systems Closed Systems !

L Copper .5 oD

¥a 6 112

14 MNaots #1 Mote #1 1.3 Slg

¥ 275 4 4 Tla
1 8 7L 8 1-1/8
1% 11 15 14 1-3/8
134 18 24 20 1-3/8
2 a5 45 42 2-1/8
2% 62 70 20 2-5l8
3 100 120 140 2-1/8
4 200 270 280 g9-1/8
5 350 475 360 5-1/8
6 800 300 S00 6-1/8

8 1200 1800 - -

10 2100 2400 — -

12 3400 3500 -- -

14 4000 4200 -- -

16 5200 5500 -- -

18 G500 7000 -- -

20 8300 9000 — -

24 12,500 12,500 -- -

Figure 20 — Pipe Sizing

The piping follows the duct layout of DOAS 2 through the shafts and follows both duct layouts
for DOAS 1 and DOAS 2 on each floor. There is amble space since the duct sizes were greatly
reduced so there is no trouble running the piping along the ducts. For best control, a reverse-
return piping system should be used. Below is a picture of the piping on the second floor in
Figure 21. It is shown just to show how little further piping is needed since the primary air does
the majority of the cooling. Note how only a few FPIU’s need cooling coils. The piping can be
seen as a single yellow line. Just the supply piping is shown. For the actual system, return
piping would be right next to the supply piping and it would be set up as a reverse-return
system so there is a similar pressure drop up to and from each unit due to piping distance.
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Figure 21 — 2™ Floor Piping

Using the RS Means Mechanical Data for schedule 40 steel and the take offs of the pipe layout
on the 2" floor it was calculated that the supply piping layout for this floor would be $13,288.
Multiplying this number by 11 (since each floor will have a supply and return plus an extra 1
factor since reverse-return systems require more piping) and including the location factor
(times 1.289) as well as a factor for fittings/insulation (11% of total) gives a total cost of
$209,130 for the new secondary chilled water loop.

Lastly, a new pump had to be sized for the chilled water loop to the FPIU’s cooling coils. The
pump distributing hot water to the FPIU’s heating coils is assumed to be sufficient because it
was sized based on the runs to the fin tube radiators which are a similar distance if not further
away than the heating coils in the FPIU’s.

The total gpm for the new secondary chilled water loop pump was found by adding up the gpm
of each cooling coil of the FPIU’s. The total gpm for the secondary chilled water loop is 178
gpm. Similar to solving the external static pressure for the fans in the DOAS units, the total
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head of the piping run was solved for based upon the friction loss through valves/bends and
friction loss along the runs. The following equations and charts were used in these calculations:

Resistance Coefficient: K = f; X (value from Figure 22)

~ Gate valves
wedge disc, double disc or plug type

820K, =8
and @ < 45°, K, = Formula 1
and @ > 45°2 180°, K, = Formula 2

T
A
e

Standard elbows
45°

K=16f

Globe and angle valves

If:ﬂ:l‘]{"=340ﬁ

+ 90° Pipe bends and
flanged or butt-welding 90° elbows

The rasistance coefficient Ky for pipe bends other
than 90° may be determined as follows:

Kg=(n=~-1)(0.25 xfrét 05K +K

n = number of 30° bends
K = resistance coefficient for one 90° bend (per table}

Flow through run K = 20 fr
Flow thraugh branch K = 60 /2

Pipe entrance

Ball valves

0,K;=3ft

Figure 22 — Resistance Coefficient

Inward
projecting
/D X
i 0.00* [ 0.5
0.02 |0.28
0.04 [0.24
0.06 (0.15
0.10 0.09
f 0.15 & up| 0.04
K=078 *Sharp-edged
Pipe exit
Projecting Sharp-edged
i
—— —
P !
K=10 K=10

Equivalent length of a fitting can then be found using the pipe’s diameter, resistance coefficient

and Figure 23 below.
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Figure 23 — Equivalent Lengths Fittings
Equivalent Length Total: L, = Pipe Length (ft) + Equive Length of Fitting (ft)
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Head Loss for a Run: Loss (ft) = Equivalent Length Total X Lost Head per 100 ft (

x ft
100ft)

f¢ (friction factor) was found based on the size of the pipe. Figure 24 below shows the values of
f: for different pipe sizes.

Nominal Friction Nominal Friction
Size,in.  Factor f, Size, in. Factor f,
3 0.027 4 0.017
3 0.025 5 0.016
1 0.023 6 0.015
14 0.022 8-10 0.014
11 0.021 12-16 0.013
2 0.019 18-24 0.012
243 0.018

Figure 24 — Friction Factor
A few assumptions were made as well as the process is explained:

e The total head loss in feet from the pump in the roof mechanical penthouse to the
FPIU’s cooling coil in room 126C Vault W. Anteroom would be the biggest loss because
this is the longest run.

e The total head loss for this run was calculated in Appendix V and found to be 5.52 feet.
This value was then multiplied by two since it is a reverse-return system so there will be
equal piping length and fittings in both directions. 5.52x 2 = 11.05 ft

e Since the pump is on the roof it will have to make up the elevation difference on the
return from the FPIU’s cooling coils. The pump is 62 feet above the lowest FPIU (in
room 126 Vault W. Anteroom). This 62 feet was then added to the previous head loss.
11.05 +62 =73.05 ft

e Next the pressure drop through CH-3’s (the chiller for the secondary chilled water loop)
evaporator was added. This drop can be seen in the appendices:

73.05 +29.5 =102.55 ft

e Lastly a factor of safety of 1.1 was applied. This factor of safety also includes the head
loss from the valves and strainers near the pump —since these were neglected.
1.1x102.55 =113 ft

e The total head loss for the longest run was found to be 113 ft.

A schematic of the longest pipe run as well as the calculations can be seen in Appendix W.

A centrifugal pump was decided upon because it is the most common HVAC pump and it
should suite this situation well. The total head loss of the system and gpm are known, 113
ft and 178 gpm. With these two pieces of information a pump could be chosen. The
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horsepower for this pump was found using a pump curve. This can be seen in Figure 25
below. The pump will have a motor that operates at 3500 rpm for this system.

Capacity, liters per second
31 4 6 8 IO -12: 14 °16: 18 20 2
220 T T T ¥ T T PR L I )
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Figure 25 — Pump Curve

From plotting the points, it can be seen that a 7.5 horsepower motor would suffice. All of the
characteristics of this pump can be seen in Table 34 below.

Mechanical
Penthouse 178 113 70.5% 7.5 3500 208/3/60 5.75

Table 34 — Pump Characteristics

The last step was to price the pump. The pricing for different pumps was found in the RS
Means Mechanical Data book. Appendix X has the steps in choosing the correct price. It was
estimated this pump would cost $5800.50 (including location factor). Two pumps should be

bought and placed in parallel to create redundancy.
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New Chillers

With the initiation of the FPIU’s, the current chillers and chilled water loop must be rethought.
The FPIU’s have cooling coils that require a supply of chilled water at 58°F. Note that when
chilled water is said it is referring to the 30% propylene-glycol water mixture. It would be
unrealistic and extremely costly to use 58°F supply chilled water to the chillers. Because of this,
two chilled water loops shall be utilized.

The current chilled water system has (2) 276 ton chillers that supply a chilled 30% propylene-
glycol water mixture to the AHU’s cooling coils. The chillers for the primary chilled water loop
will be supplying chilled water to the cooling coils of the DOAS units and AHU’s 4 through 6.
Since the sensible load for cooling is also being accomplished at the rooms as well as there is
less air to condition, the chillers can be downsized. The leaving water temperature from the
chillers will remain the same at 44°F so the coils won’t need to be changed in the AHU’s. The
tons of cooling needed for DOAS 1 and DOAS 2 were taken from the specifications, 81.48 and
144.8 tons respectively. These were added to the tons of cooling for AHU’s 4 through 6:

223.38 + 81.48 + 144.8 =450 tons

The current chillers have a delta T of 9.6 degrees. Using this information it was calculated that
the gpm flow would be 1125. The following information was specified to a manufacturer to size
a chiller for this design:

type: air cooled

voltage: 3 phase, 208V, 60Hz
EWT 54 degF
LWT 44.4 degF
GPM 1125

Tons: 450

The decision to use an air cooled chillers stems from there being insufficient space on the roof
for a cooling tower. The current design of the building also follows this logic.

Two chillers were recommended by the manufacturer to accomplish these parameters. Two
225 ton York model no. YVAA0245CEV17 chillers were chosen. The main characteristics of
these two chillers can be seen on the next page.
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type: air cooled
voltage: 3 phase, 208V, 60Hz
EWT 53
LWT 44
GPM 600
Tons: 225

The leaving water temperature dropped a bit as well as the return water temperature. The
flow rate increased slightly. This could be bad because the AHU’s cooling coils can only handle
a certain flow rate. If you assume that the coils in the AHU’s are slightly oversized, this minimal
extra gpm served to them to meet the cooling load should be fine and won’t be too much for
the pipes. If the flow was too great for the pipes, than the flow would be restricted and the air
wouldn’t be able to be cooled to the correct temperature. For this analysis, it is assumed that a
factor of safety was used in sizing the cooling coils in the AHU’s so the coils can handle this
extra flow (it is about a 8.5% increase and will only occur at max cooling which is in the summer
when the building will not be occupied at full load). Since this max flow would occur in the
summer but the building won’t bet fully occupied, it is assumed that the coils will not see this
full flow ever. The specifications for these two 225 ton chillers can be seen in Appendix Y.

The primary chilled water loop’s piping and control scheme shall remain the same as it is now.
The pipes may even be downsized a bit because the new loop needs 1200 gpm as opposed to
the 1332 gpm. A schematic of the primary chilled water loop may be seen on the next page in
Figure 26. This chilled water loop is a primary-only variable flow design. The flow thorough the
chillers’ evaporators shall vary with the load. The bypass valve is used to maintain the
minimum flow through the chillers’ evaporators (when they are on). The flow to the terminal
loads vary depending upon the amount of gpm required.
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Cooling Coil in
DOAS or AHU

3 CHWS
CHA CH-2
X ég
Low Flow
VFD VFD Expansion
Tank
——{ CHWR
Air
Seperator

Figure 26 — Primary Chilled Water Loop

The secondary chilled water loop is for supplying the FPIU’s cooling coils with 58°F chilled
water. The following specifications were found for sizing a chiller for this loop.

type: air cooled
voltage: 3 phase, 208V, 60Hz
EWT 62
LWT 58
GPM 178
Tons: 32
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When these specifications were discussed with the manufacturer some issues arose. The

manufacturer had no chillers that could produce a LWT of 58°F but the real problem was the
very small delta T of 4°F. A small delta T produces a giant GPM requirement for the pump.
Though the chiller may not have to do as much cooling, the extra pumping energy will override
this savings. In practice, the ideal delta T for a chiller is 10 to 16 degrees F. This has been found
to give the minimal cost between pumping and cooling.

To solve these problems, the secondary chilled water loop will mix water leaving the chiller with
the return water of 62°F to get the supply of 58°F chilled water for the FPIU’s cooling coils. This
appears to be the best option. The tonnage of cooling for the chiller will remain the same and
the supply GPM to FPIU’s cooling coils will too. A schematic of the secondary chilled water loop
can be seen below in Figure 27.

Cooling Col n
FRIU's
- % & T
2 CHWS
CH-3
@ Low Flow
Expansion
VFD VFD Tank
q |
3 CHWR
Ar
Seperator

Figure 27 — Secondary Chilled Water Loop
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To solve the for the amount of flow through CH-3, a mass and energy balance was done. This
balance was done at the intersection point between the outlet of CH-3 with the intersection of
the bypassed return water where it is mixed to make the supply chilled water. This point along
with the equations can be seen below.

msupply @

Mehitter

mbypass

CH-3

|

Energy Balance: Mcpjer X LWTpitier + Mpypass X 62°F = Mg ppi, X 58°F

Considering the density is close to identical for these different chilled water temperatures
(good assumption) gives the equation:

GPMpitier X LWTengier + GPMyypass X 62°F = 178 GPM X 58°F

The characteristics for a chiller were then determined using this equation and some background
knowledge on the EWT and LWT restrictions. This gave a range for choosing a new chiller. The
potential characteristics for CH-3 can be seen in Table 35 on the next page.
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Chiller
GPM
LWT EWT thru GPM to GPM
Tons {degF) [(degF)| deltaT | Chiller | FPIU's | Bypass
32 40 62 22 35 178 143
32 41 62 21 37 178 141
32 a3z 62 20 38 178 140
32 43 62 19 40 178 138
32 44 62 18 43 178 135
32 45 62 17 45 178 133
32 46 62 16 48 178 130
32 ay 62 15 51 178 127
32 48 62 14 55 178 123
32 43 62 13 59 178 113
32 50 62 12 64 178 114
32 51 62 11 70 178 108
32 52 62 10 77 178 101
32 53 62 9 85 178 93
32 54 62 8 96 178 82

Table 35 — CH-3 Options

In submitting this information to the manufacturer, a YCALOO33EE17 York chiller was chosen as
the best candidate. This chiller has the design criteria of the chiller on the last line above
(highlighted in red). The specifications for this chiller can be seen in Appendix Z.

Another potential solution would be to put a heat exchanger between the primary loop’s return
water of 53°F and the secondary loop’s return water of 62°F. The mixing of equal parts of these
two streams would produce chilled water of 57.5°F, add in heating along the pipes would give
you approximately a supply temperature of 58°F to the cooling coils of the FPIU’s. This scenario
could work but it would create a new delta T on the primary chillers. This would call for resizing
of primary chillers. In the essence of time, this option was not investigated. It would be
interesting to see how this scenario would work out.

Lastly, the mechanical penthouse is pretty full at the moment. The chilled water pumps may be
able to be located outside with the chillers they serve. This would be ideal otherwise
redesigning of the penthouse’s layout would have to be done.
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MAE — CFD Analysis

Objective: The objective of this CFD analysis is to determine the mixing patterns in a typical
classroom for my thesis project. The existing system in the building is a VAV system with
12”x12” diffusers. The new air system in the building will use fan power induction units (FPIU)
that feed 12”x12"” diffusers. Since VAV systems can modulate the amount of flow, the VAV at
full flow and at the minimum turndown of 30% will be investigated. The FPIU system delivers a
constant air volume to the room. The main objective is to determine how well both systems
distribute air to the space. This analysis will be judged upon air stratification in the room,
temperature gradients, velocity, and if any drafty spaces occur. Phoenics was the software
chosen to perform this CFD analysis. Three models, one for each of the scenarios, was created
and run under non-isothermal conditions.

Classroom Layout: The first task was creating the classroom. A variety of classrooms exist in
Hunter’s Point South School so the most common that occurred was chosen. This was IS
Classroom 357 which is also very close to the design of a few others as well. Below you can see

the layout of the room in Figure 28.
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Figure 28 — IS Classroom 357 Layout

For a CFD analysis, you want to make the objects in the room as simple as possible. For this
reason, only major objects in the room were considered. People, desks, cabinets, computers,
the window, and the fin tube radiators were created in Phoenics. A list of a few of the objects’
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dimensions and locations in the room can be seen below in Table 36 and the created model can

be seen in Figure 29.

Room 9.449 7.137 3.048 0 0 0
Window 0 6.045 2.235 0 0.546 0.813
Large Cabinet 1.981 0.737 2.133 2.007 6.4 0
SmallCab 1.829 0.737 2133 7.468 6.4 0
ComputerDesk 3.658 0.737 0.0254 3.962 6.4 0.671
Compl 0.4 0.35 0.35 6.3 6.6 0.671
Comp2 0.4 0.35 0.35 5 6.6 0.671
FinTube 0.152 5.486 0.813 0 0.74 0
teacherdeskl 0.61 1.829 0.671 0.61 0 0
teacherdesk2 1.219 0.61 0.671 1.22 1.219 0
teacher 0.35 0.35 1.727 1.5 0.7 0
teacher computer 0.35 0.4 0.35 0.75 0.7 0.671
deskl 0.61 0.457 0.0254 0.914 4.699 0.671
studl 0.35 0.35 1.219 1.05 5.2 0

Table 36 — Dimensions of Objects for CFD

Supply (inlet) | Outlet v

No title has been set for this run.

Figure 29 — CFD Room Model

For this investigation, three models were made:
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1. VAV at full flow
2. VAV at 30% turndown
3. FPIU

The only objects that differed from the models were the fin tube radiator and the diffuser
locations/type. Both VAV models have the fin tube radiator in them. This is because heating is
accomplished through the fin tube radiator and not by the overhead air supply. The FPIU
model has no fin tube radiator because heating is done through a heating coil in the FPIU. This
means the heating is done by the supply air overhead in the FPIU model.

Both VAV models have the same diffuser locations and types, just different flow rates (one at
full and one at 30% turndown). The FPIU’s have slightly different diffuser locations as well as a
different flow rate.

Turbulent Models and Differencing Schemes: The turbulent model and differencing scheme
were chosen based on familiarity and acceptance. K-epsilon was used as the turbulent model
because it is very widely accepted and | have used it the most. The hybrid scheme was used as
the differencing scheme for the same reasons as above and because both diffusive and

convective forces will occur in the room. 5000 iterations run time was allowed. All three
models had these same qualities. This was done so if any differences occurred between the
models then it couldn’t be blamed on using a different model (like in a science experiment how
you only want to change one variable at a time).

Diffusers and the Momentum Method: The diffusers used in the models were all 12”x12”. Two

types of diffusers existed however. One was a 4 way square diffuser and the other a 3 way
square diffuser. For simplicity the 4 way square diffuser was broken up into 4 smaller 6”x6”
boxes and the 3 way was broken into (2) 6”x6” boxes and (1) 6”x12” box. This can be seen
more clearly in the images below.

4 way square diffuser:

-
Bl -

12II 61[
3 way square diffuser:
6//
| K
12”
12” 127
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The 4 way square diffusers distribute air perpendicular to all four of its sides. The specifications
below show the air distribution for this diffuser.

Core Style 4a
9" x 9" neck

f J

-

- —
""“*:J_m fom Isovel
1 with Model TRV Vanes —»

200 fpm Isovel
without Model TRV Vant

Figure 30 — Diffuser Air Dispersion

Since the air is distributed like this, it was determined that modeling the diffuser in 4 smaller
segments each with one direction for its flow would be an accurate interpretation. The
direction of the air flow can be seen below for both the 4 and 3 way diffusers.

4 way square diffuser: % of flow

% of flow <— ..
.. —> % of flow

J

% of flow

3 way square diffuser:

% of flow<— .. —> % of flow

\L % of flow

The momentum method was chosen because the box method is not recommended for square
diffusers as well as the momentum method’s ability to more accurately simulate momentum in
the space. Simulating the momentum is crucial to this analysis because it will be looked at as
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one of the criteria to determine whether the VAV or FPIU better distributes/mixes air in the
space.

For the momentum method to be used in Phoenics the mass flow rate for the mass continuity
equation must be found as well as the ratio of effective area to diffuser area (net area ratio).
Finally, the velocity of the x or y component for the momentum method must be determined.
Knowing the cfm through the diffuser, the mass flow rate is easily calculated using:

m_dot = v_dot * rho = volume * rho * Area

Below is an example of these calculations for the FPIU’s diffusers (all are 4 way diffusers
distributing 340 cfm each). The calculation is for one of the 6”x6” cells used to represent the

diffuser. .
6

Vz_mass =v_dot_in / Area_total = (340cfm/4) / (0.5 ft x 0.5 ft) .

6”
Vz_mass = 1.727 m/s

Vz_momentum = Vz_mass / net area ratio = 1.727 m/s / 0.7794 = 2.2158 m/s
Vx_momentum = Vz_momentum / tan(30 degrees) = 3.838 m/s
So enter into Phoenics:

e Net Area Ratio=0.7794
e V/x=2.2158m/s
o \Vy=-1727

The calculations for the velocities (for mass and momentum) in all three of the models can be
seen in Appendix AA.

An image of the diffuser with dimensions is shown in Figure 31 on the next page. It was used to
help determine the net area ratio, which is equal to the effective area divided by the total area.
This ratio is used to convert the velocities calculated above to keep conservation of momentum
accurate. The total area was simply 144 inches squared (12” x 12”). The effective area is less
because of the metal louvers. It was found to be roughly 112.2 inches squared resulting in a
net area ratio of 0.7794. The full calculations for Net Area Ratio can be seen in Appendix AB.
Note from the picture that the diffuser delivers air into a room at a 45 degree angle. This is a
bad angle because it causes a lot of numerical diffusion (it is along the diagonal of a cell). To
make up for this it was modeled that the air was brought into the room at a 30 degree angle
with the ceiling.
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- Ceiling Opening = A plus 32" -
Duct Size A -

- Duct Size minus 4"

|

—f—

- 205"

_L *
‘ 115" \ Metal Louvre ‘
|

|
1

| A plus 5%16"

Figure 31 — Diffuser Cross Section

Final Model Layouts: Below are the final layouts for the inlets and outlets in each of the models

along with their cfm. The inlets are red and the outlets are blue.

il

Figure 32 — VAV Full Flow Model
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Figure 33 — VAV 30% Flow Model

Note that everything is in the same location as the VAV Full Flow Model. The difference is that
the cfm through each diffuser has been reduced.
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1

|
L

Figure 34 — FPIU Model

The outlet locations are the same as the two previous models. In the FPIU set up, the inlet
locations changed slightly (more equally spaced) and the flow through the diffusers changed

too.
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Mesh/Grid: The mesh used for the VAV models was (71, 65, 42) cells in the (x,y,z) axis. The
FPIU mesh was (97, 62, 42. The mesh near the inlets and returns was increased because this is
a critical zone and using a smaller mesh would allow for more accurate results. Below are the
images of the meshes near the inlets and outlets.

et

ﬁﬁtﬂﬁ“ \‘\}\“}\\

No title has been set for this run.

W

Figure 35 — Mesh for VAV Models (overhead view)

The mesh for both the VAV models is the same because they have the same locations for the
inlets and outlets.
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No title has been set for this run.

BT

Figure 36 — Mesh for FPIU Model (overhead view)
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VAV Full Flow Results: First the airflow and temperature fields were investigated under non-

isothermal conditions for the VAV full flow model. The residuals found for mass and energy for
the full VAV flow model were 1.66% and 0.39%, respectively. The percent can be as high as 7%
for the energy residual and 3% for the mass residual. These two residuals are well within the
recommended ranges. The residual figure can be seen below for the full VAV flow model.

Spot Values at ( 70, 16, 24) % Error — Cut off 1.000E-01 %

9 //\\/ RS

/\//y T

AN

V ~
Value Change Low Eigh Variable Max % Error Change

-1.92E-02 2.06E-05 -1.00E+00 7.00E+00 Pl 2.00E+06 3.15E+02 4.40E-01
6.03E-D2 -1.10E-04 -3.00E-01 1.00E-O1 2.00E+09 2 _52E+05 -3 .97E+02
7.77E-02 -5.62E-05 -2.00E-01 1.00E-0O1 6.31E+08 1.74E+05 -1.23E+02
1.76E-02 —-3.85E-04 -3.00E-01 1.00E-0O1 3.16E+09 1.2%E+05 -7.15E+01
7.38E-03 5.90E-06 O0.00E+00 9.00E-03 KE 1.58E+07 3.06E+04 -1.68E+02
4.85E-04 3.00E-07 O0.00E+00 3.00E-03 EP 7.94E+07 2.70E+04 -9.16E+02
2.47E+01 5.46E-04 -2.00E+02 1.00E+02 TEM1 1.00E+11 1.95E+02 -3.86E-01

NX NY NZ ISWEEP 5000 Time now 4:40 Press a character key C

76 72 42 IZSTEP OFF (h:m) est 4:40 to interrupt.

Figure 37 — Residual Figure VAV Full Flow

The full flow VAV model took 4 hours and 40 minutes to run. A linear relaxation factor of 0.7
was used for all the models (VAV full flow, 30% VAV flow, and the FPIU layout). The full VAV
flow model assumed that the fin tube radiator was being run at full blast and that the supply air
to the room was at 58°F. Infiltration as well as conduction loses through the exterior wall and
window was modeled as negative heat fluxes. These same assumptions were made in the 30%
VAV model except that the fin tube radiator was turned down as to not overheat the space (it
was still needed to prevent drafts along the wall with the window). Table 37 on the next page
shows the net Watts for each of the models well as the Watts given off by the sources in the
room.
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30 Percent
VAV Full VAV FPIU
(Watts) (Watts) [ (Watts)
people 2175 2175 2175
lights 768 768 768
fin tube 340 50 ]
computer 405 405 405
exterior wall -85 -85 -85
window -1016 -1016 -1016
infilitration -A75 -475 -475
diffusers -5416 -1625 -1754
total (W): -4 197 13
air temp (deg F) 58 58 68
cfm 1200 360 13260

Table 37 — Watt Productions in Rooms

For the full VAV flow model, the net Watts in the room is negative meaning the space should be
slightly overcooled. However when checking the results, the space was found to be well above
the room setpoint. It can be seen that the heat given off by the people drove the fin tube
radiators and diffuser airflow in the models. The velocity profiles can be seen below for the
VAV full flow model.

Velocity, ft/s Probe wvalue
10.73091 0.369334
10.06074 Average value
9.390570 0.573079

.720399

.050228

.380057

.709886

.039715!

.369545

.699374

.029203

.359032

. 688862

.018691

.348520

.678349

.008178

OO FRPMNMNWE®B&BEUDGOG -1 OO

Figure 38 — VAV Full Flow, Velocity (along x-axis)

The probe in this snapshot is to the right of the students were the velocity is highest. The
velocity is below 40 fpm so no drafts will occur here. To the right of the last students in this
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picture there is some areas were the air is above 40 fpm, around 54 fpm. This would cause

drafts. Note that the air velocity near the cold window is higher than most room. A draft is
induced across this cold surface but the fin tube radiator dissipates it before it reaches the
occupants.

Velocity, ft/s Probe value
10.73091 0.463350
10.06074 Average value
9.390570 0.651861

.720399

.050228

.380057

. 709886

.039715

.369545

.699374

.029203

.359032

. 688862

.018691

.348520

.678349

.008178

OO FFNNWEBRBBO®NR®H J O®D

Figure 39 — VAV Full Flow, Velocity (along y-axis)

The probe for the above picture is located 4’ off the ground in the center of the room. The
results for the isothermal field show that the majority of the room has air traveling less than 40
fpm so no drafts will occur. A few spots are a tad above this. This could be bothersome
because these spots are near the students. However, they do not go that far over 40 fpm.
Overall the majority of the air in the students’ area is draft free.

Next are the temperature profiles for the VAV full flow model.
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Temperature, gF Probe value
125. 77.32590
121. Average value

117. 75.05843
112.

108.
104.

No title has been set for this run.

Figure 40 — VAV Full Flow, Temperature (along z-axis)

The probe is located in the return outlet. The above shot is overhead looking down at the
room.

Temperature, gF Probe value
125.4939% 86.89589
121.2828 Average value
117.0717 78.11661
112.8605
108.6494
104.4383

Figure 41 — VAV Full Flow, Temperature (along y-axis)
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For this snapshot, it can be seen that the temperatures near the window are much higher than

the room setpoint. This is because the fin tube radiator under the window is running at full
blast. The temperature here is really high (probe located above the fin tube radiator), but as
you move further away it becomes more uniform and closer to the room setpoint.

Temperature, gF Probe value
125.4939 76.52994
121.2828 Average value
117.0717 76.20153
112.8605
108.6494
104.4383
100.2271
96.01601
91.80488
87.59375
83.38261
79.17148
74.96035
70.74922
66.53809
62.32695
58.11582

Figure 42 — VAV Full Flow, Temperature (along y-axis)

The temperature around the students is well above the setpoint of 72°F — high enough to cause

discomfort.
Temperature, oF Probe value
125.4939 76.41898
121.2828 Average value
117.0717 76.54729
112.8605
108.6494

Figure 43 — VAV Full Flow, Temperature (along x-axis)
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The probe is by the students next to the fin tube radiator. It can be seen that the air around the

students here is also well over the room setpoint, it’s about 76°F. This will cause discomfort to
the students in this area. The temperature is a bit high throughout this cross section —
averaging around 76.5°F. This can be fixed by dialing back the fin tube radiator. The fin tube
radiator was on full blast at worst case scenario for this run. It's weird that the energy balance
on the room showed that the space had a little excess cooling but yet the room appears to be
overheated.

When the probe was placed at the return outlets in the VAV full flow, the temperature was
found to be approximately 77°F. This is 5 degrees higher than the room setpoint. From the
temperature distribution in the room it can be seen that the space would be too hot for the
occupants.

VAV 30% Flow Results: The results for the 30% turndown VAV flow are shown now. For this
scenario only a little heat would come out of the fin tube radiators because the loads in the

room create enough heat to make up for the negative heat flux through the window and
exterior wall. Also the fin tube radiator is needed to prevent drafts at the window. The mass
residual is 2.178% and the energy residual is 0.49% - both falls within the acceptable range.
Below is the mass residual figure.

Spot Values at ( 70, 16, 24) % Error - Cut off 1.000E-01 %

\:%
L

N

Value Change Low High Variable Max % Error Change
-3.35E-01 1.40E-06 -2.00E+01 2.00E+O0l Pl 2.00E+06 1.94E+02 -3.18E-01
8.8BE-03 -7.1%E-06 -2.00E-01 1.00E-O01 1.00E+11 1.95E+05 -1.BlE+02
2.57E-02 -4.41E-06 -4.00E-01 4.00E-O01 6.31E+09 2.75E+05 -1.52E+02
2.55E-03 -1.3%9E-05 -6.00E-01 2.00E-01 3.9BE+03 4.31E+04 1.78E+01
6.05E-04 4.06E-07 O0.00E+00 9.00E-03 KE 6.31E+07 2.33E+04 2.64E+01
1.61E-05 -1.02E-08 O0.00E+00 2.00E-03 EP 1.58E+08 2.36E+04 -1.08E+01
2.52E+01 -2.33E-04 0.00E+00 6.00E+02 TEM1 1.00E+11 9.44E+01 -9.41E-02

NX NY NZ ISWEEP 5000 Time now 5:34 Press a character key
76 72 42 IZSTEP OFF (h:m) est 5:34 to interrupt.

Figure 44 — Residual Figure VAV 30% Flow
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The 30% vav flow model took 5 hours and 34 minutes to run. The velocity profiles for this

scenario are shown starting on the next page.

Velocity, ft/s Probe value
3.261215 0.885968
.057394 Average value
.853572 0.284560
.649750
.445929
.242107
.038285
.834463
.630642
.426820
.222998
.019177
.815355
.611534
.407712
.203890
.848E-5
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Figure 45 — VAV 30% Flow, Velocity (along x-axis)

It can be seen from this image that a lot of air movement occurs around the radiator. This is
because the radiator is not putting out enough heat to negate the cold window and wall. The
probe is located above the radiator and shows that the velocity is so high here that it will cause
drafts.

Velocity, ft/s Probe value
3.261215 0.730562
.057394 Average value
.853572 0.345103
. 649750
445929
.242107
.038285
.834463
.630642
426820
.222998
.019177
.815355
.611534
,407712
.203890
.848E-5
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Figure 46 — VAV 30% Flow, Velocity (along y-axis)
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The velocity in this slide is well above the recommended 40 fpm. As the probe travels higher

into the green contours, the drafts become worse and worse. Near the front board the velocity
is fine but in the 30% VAV flow model, many locations were found to have high velocities which
would cause drafts. This is an example of one of them. Drafts occur overhead due to the low
momentum and low temperature of the air. The air leaving the diffuser is very cold compared
to the room (58°F supply, room setpoint 72°F). Since the air has such a low momentum and it is
very cold, not all of the air sticks to the ceiling (Coanda effect) but instead sinks into the space
causing drafts (cold air falls). This is a common problem in reduced flow for VAV systems.

Next are the temperature distributions in the rooms for the 30% VAV flow.

Temperature, @F Probe value
127.0861 79.32542
122.7777 Average value
118.4693 83.56171
114.1609
109.8525
105.5441
101.2357
96.92730

Figure 47 — VAV 30% Flow, Temperature (along z-axis)

The probe is located in the return outlet. The above shot is overhead looking down at the
room.
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Temperature, oF Probe value
127.0861 77.72037
122.7777 Average value
118.4693 77.67241
114.1609
109.8525
105.5441
101.2357
96.92730
92.61890
88.31051
84.00211
79.69371
75.38531
71.07692
66.76852
62.46013
58.15173

Figure 48 — VAV 30% Flow, Temperature (along y-axis)

The temperature in this cross section is 5 degrees above the setpoint. The room is too hot in
the student area. This temperature was taken in the middle of the room where the cooling
done by the supply air is not enough to match the heat given off by the students and far
enough away from the window so the loses through the facade can’t be felt.

Temperature, &F Probe wvalue
127.0861 74.62619
122.7777 Average value
118.4693 77.42233
114.1609
109.8525
105.5441
101.2357
96.92730
92.,61890
88.31051
84.00211
79.69371

.38531

Figure 49 — VAV 30% Flow, Temperature (along x-axis)
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Once again the temperatures in the cross section are much too high and will cause discomfort

to the occupants in the room. For this picture, the probe was located next to the students near
the window. The effects of the cold window can be seen on the temperature of the air in the
space. The hot air is cooled over the window and falls to the ground by the fin tube radiator.
The fin tube radiator is on to help negate the cooling done by the window but it ends up putting
extra Watts in the room past the equilibrium point. This means the room should be a bit above
the setpoint temperature but on average it is well above.

The 30% flow VAV results show a lot of drafts created in the room under the diffusers along
with too high of temperatures in the space. The drafts are a bit confusing considering the
velocity of the air supplied to the room is much slower that the full VAV flow model which
didn’t seem to have any draft problems. The conclusions for both the VAV models show that
the spaces will be overheated and that there is a problem with high temperatures for the
students near the fin tube radiators as well as draft problems for the 30% VAV flow model.

FPIU Model: The airflow and temperature fields were investigated under non-isothermal
conditions for the FPIU model during the heating season (coldest winter day). The residuals
found for mass and energy were 1.3% and 0.174%, respectively. Both residuals fall within the
recommended ranges. The residual figure for this run can be seen below.

No title has been set for this run. 3

Spot Values at ( 90, 55, 41) % Error - Cut off 1.000E-01 %
b
1\—“'\*\/«\,«/\-4\)\
TV — 7 1=
- \/VN I
Value Change Low High Variable Max % Error Change
3.52E-01 -4.94E-04 -1.00E+01 2.00E+01 Pl 2.51E+06 5.17E+02 2.2C0E+00
6.31E-01 4.94E-03 -1.00E+00 2.00E+00 2.00E+09 2.3BE+05 -2.73E+02
4.41E-03 9.64E-04 -2.00E-01 6.00E-01 5.01E+08 2.96E+05 -7.72E+00
4.18E-03 -1.32E-03 -2.00E-01 1.00E-01 2.00E+09% 1.68E+05 1.22E+02
1.61E-02 -8.84E-05 0.00E+00 5.00E-02 3.16E+07 3.56E+04 6.48E+01
2.01E-02 -9.20E-05 O0.00E+00 1.00E-01 EP 1.00E+08 2.97E+04 -3.30E+02
2.23E+01 -1.60E-03 0.00E+00 3.00E+02 TEM1 1.00E+11 1.72E+02 -6.16E-02

NX NY NZ ISWEEP 5000 Time now 6:27 Press a character key
101 65 42 IZSTEP OFF (h:m) est 6:27 to interrupt.

Figure 50 — Residual Figure FPIU Model
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The model took 6 hours and 27 minutes to run. The velocity profiles found can be seen below.

Velocity, ft/s Probe value
10.42191 0.199104
9.770623 Average value

.119340 0.3439%4
.4680586

.816772
.165489
.514206
.862922
.211639
.560356
.909072
.257789
.606505
.955222
.303938
.652655
.001371
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Figure 51 — FPIU Flow, Velocity (along y-axis)

The probe is located 4’ off the ground around the students.

Velocity, ft/s Probe value
10.42191 0.441713

w

O O KFEFMNMWWE OO I~ o0ow

.770623 Average value

119340 0.363823
.468056

.816772
.165489
.514206
.862922
.211639
.560356
.909072
.257789
.606505
.955222
.303938
.652655
.001371

Figure 52 — FPIU Flow, Velocity (along x-axis)
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Around the students, the air has a velocity less than 40 fpm meaning that there should be no
drafts. The velocity of the air by the window is a bit higher (around 60 fpm). This is due to the
drafts caused by the air being cooled when it goes over the window. These drafts however do

not cross over into the student area. There may be a little draft along the side of the students
closest to the window.

The temperature profiles for the FPIU model are shown below.

Temperature, gF Probe value
120.6668 73.61250
117.2131 Average value
113.7594 73.97872
110.3057
106.8520
103.3983
99.94463
96.49094
93.03725
89.58355
86.12985
82.67616
79.22246
75.76877
72.31507
68.86137
65.40768

Figure 53 — FPIU Flow, Temperature (along z-axis)

The probe is located in the return outlet. This snapshot is an overhead view of the room.
Temperature, @F Probe value

120.6668 73.53981
117.2131 Average value

113.7594 72.76123
110.3057

106.8520
103.3983
99.94463
96.49094
93.03725
89.58355
86.12985
82.67616
79.22246
75.76877
72.31507
68.86137
65.40768

Figure 54 — FPIU Flow, Temperature (along y-axis)
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It can be seen that the temperature around the students is on average slightly above the

setpoint by only 1 degree. This is very promising. No big temperature differences exist and the
room appears to have a uniform temperature.

Temperature, gF Probe value
122.5447 74.36989
118.9859 Average value
115.4271 73.34686
111.8683
108.3096
104.7508
101.1920
97.63324
94.07446
90.
86.
83.
79.
76.
72.
69.
65.

Figure 55 — FPIU Flow, Temperature (along x-axis)

Though a few different contour colors appear in the student area, the temperatures in this area
only range from 68°F to 73°F where the 68°F is at the feet of the occupants and the 73°F is well
above the students’ heads. It can be seen that the heat loses through the window have an
effect on the temperature in this area. Surprisingly though, the temperature is not lowered
enough near the students to create thermal discomfort. The temperature is about 69°F at the
wall but this is not within the occupied area so it is fine.

The temperature around the students is typically 72°F to 73°F. The return temperature was
found to be 73.5°F in the return outlet. The set point temperature of the room is 72°F so the
average temperature is directly on target. From these results it appears there should be no
thermal discomfort in the FPIU room’s layout.

Comparing Results: The results from the FPIU scenario show the best air mixing and
distribution in the space. Air velocity is kept below the recommended value of 40 fpm in the
occupants’ space to prevent drafts. The temperature in the room is right around the setpoint
of 72°F (pretty much everywhere in the occupied zone). The best part about the FPIU results is

it created a very uniform temperature and velocity profile in the room. This is great considering
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the space layout can be rearranged without worrying about whether there will be draft

problems or great temperature fluctuations in different parts of the room.

The VAV models gave mixed results. A major draft problem occurred in the 30% VAV flow
scenario. Both suffered from areas with temperatures well above the room setpoint. The air
velocity around the students in the full flow VAV model was mostly below 40 fpm but random
drafty areas did appear. In real life, the best option for the VAV system would be to turn it
down somewhere between full and 30% flow and modulate the fin tube radiator’s output
accordingly. The results do not lead me to believe that the VAV system cannot create a thermal
comfortable room free of drafts. The results for these two scenarios just show that with the
current set up of the diffusers’ supply cfm and temperature along with the fin tube radiator will
not produce a thermally comfortable room.
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Electrical Breadth

With the downsizing of the air handling units and splitting the original one chilled water loop
with two chillers into a two chilled water loop with 3 smaller chillers, allowed for sufficient roof
space to be cleared. Along with moving the chillers and new DOAS units around (as well as a
few exhaust fans), the northeast roof area was freed up to allow photovoltaic solar panels to be
installed. Though New York as a state does not have the most ideal features for solar panel
installation in terms of sun, the solar array on the top of Hunter’s Point South School would
have direct sunlight with very minimal shading. No taller buildings or structures exist near
Hunter’s Point South School and all of the exhaust vents and fans have been moved behind the
solar array (north of it). The adjourning roof parapet in the corner will have to be reduced to
the same size as the rest of the extended exterior wall (4 feet above the roof) to allow for
better solar gains. This can be seen in Figure 56 below.
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Figure 56 — Southern Elevation Drawing (from A202)

The most beneficial reason for photovoltaic solar panels is that New York has the third highest
electricity cost of states in the U.S. at 19 cents per kWh. This means that the solar array will
payback quicker and produce a bigger payout in its life cycle.

The first step was determining which solar panel to choose and what mounting system would
work with the panels. The SunPower 308 Watt solar panel was chosen for its optimum
electrical performance. This panel has an 18% efficiency rating as compared to the 14%
conventional panels have and since it is a larger panel it produces more electricity. This panel
was also largely chosen because it would work with the SunPower PowerGuard mounting
system. For buildings over 60 feet tall, typical solar panels cannot be used because of the great
upwind forces on the panels. Since the roof of Hunter’s Point South School is approximately 72
feet in the air, the SunPower 308 Watt solar panel in conjunction with the SunPower
PowerGuard mounting system would work for this installation.
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The SunPower PowerGuard allows for the solar panels to lie flush on the roof. The optimal tilt
for a fixed solar array operating year round is 33.5 degrees in Queens, New York. However,
since the panels will be flat less electrical production will occur. Though this is not desirable,

there are some advantages to the SunPower PowerGuard. No roof penetrations will need to be
made to anchor the system to the roof (instead cement pavers are used along the perimeter to
hold the array down) so no leaking in the roof will occur. PowerGuard can be used for roofs
that are over 60 feet in the air and work well with SunPower 308 Watt panels.

The next step was laying the panels out on the roof. SunPower 308 Watt panels must be strung
out in multiples of 8 (meaning the total number of solar panels must be a multiple of 8). A
minimum of nine feet is required for a step back from the edge of the roof to allow for
maintenance and to reduce upwind effects. This 9 foot setback is checked below to make sure
no shading would occur on the panels from the wall that extends four feet up along the
perimeter of the roof during the winter solstice. In the winter solstice the sun will have an
altitude of 26 degrees at its low point. Using the Pythagorean Theorem it can be seen that the
setback of 9 feet is sufficient enough so that the 4 foot wall extension will not shade the panels.

SohCahToa:
26 deg

Tan(26°) =4’ +x wall

x=8.2'
Shadow Length (x)

The shadow will only reach 8.2 feet in from the wall so the solar panels are safe (9 feet back
from the wall).

A 10 foot wall is directly to the left of the solar panel system. In the winter this wall will cast a
20 foot shadow. Since there is a setback of 9 feet form this wall, then 11’ into the installation
will be shaded. This is approximately 2 panels in. This is bad but as long as the sun is above a
42 degree angle, no shading will occur on the panels. For this shading to occur, the sun must be
on its way down in the west. The wall is directly northwest of the solar array meaning that it
will only cast a shadow once a day when the sun is setting. This means that the shading will not
occur during peak energy generation during the day. In the end this wall will not have too great
of an effect on the solar generation — thus it has been neglected for this analysis.

The final solar panel array along with its setbacks can be seen in Figure x below. Note thata 1.5
foot border surrounds the solar panels. This is part of the PowerGuard where the cement
pavers weigh down the installation. The final shape is a complete rectangle that consists of 224
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photovoltaic solar panels. Many customers are very picky that their solar arrays be complete
rectangles for the aesthetic purpose.

Inverter Combiner Boxes

I
|
|
|
i
|
|
i
J
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Figure 57 — Solar Panel Array

Once the array was laid out, the electrical production and life cycle analysis could be
performed. The total system size for the solar array is 68.99 kW (224 panels times 308 Watts).
It was chosen to use a 75 kW Satcon Inverter for this array. The system produces
approximately 78,884 kWh per year which equates to 5% of Hunter’s Point South School’s new
electrical bill (for the new changes proposed). Though this may not be a large percent, it will
still save the school money and produce emission free electricity — making the building more
sustainable. Electrical production on a month to month basis can be seen below in Figure 58
along with how much money the production will save the school a year in Table 38 (this is
assuming the current rate of $S0.19 per kWh).

Appendices AC through AE have the specifications for the solar equipment used. The
appendices show the SunPower 308 Panel, SunPower PowerGuard, and Satcon 75 kW Inverter,
respectively. This information is shown to give a better understanding of the equipment. The
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short circuit current found on the SunPower 308 Panel specifications was used in the
calculations that follow to size the wire. Also note the inverter is NEMA 3R meaning that it can

be installed outside (on the roof). This saves space in the mechanical penthouse.

12,000
10,000
S 8000 - .
é
§ 6000 +—f
5
'§ 4000 —p L0 00 Monthly Production
a
2000 (N850 888 8 8
5822533758528
Month
Figure 58 — Monthly Electrical Production
Production | Electrical
Month (k\Wh) Savings
lan 3,117 | 5 592.23
Feb 4,526 | $ 859.94
Mar 6,654 | 5 1,264.26
Apr 8,308 | § 1,578.52
May 9,477 | $ 1,800.63
Jun 10,045 | $ 1,908.55
Jul 9,803 | 5 1,862.57
Aug 8,860 | $ 1,683.40
Sept 6,984 | $ 1,326.96
Oct 5,423 | $ 1,030.37
MNow 3,018 |5 573.42
Dec 2,669 | & 507.11
Totals: 78,884 | 514,987.96

Table 38 — Monthly Electrical Savings

The total cost of the solar array (including installation/labor as well as all the wiring, combiner
boxes, inverter, etc.) is $296,666. Though this may seem like a large amount at first, there are

many federal and state incentives that will help lower this price. The first incentive is the
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Renewable Energy Grant given by the U.S. Department of Treasury. For solar electric, this grant
is equal to 30% of the total solar array cost (meaning $89,000 in this case). The next incentive is
the New York City Property Tax Abatement. This is a state incentive that allows for a property
tax deduction equal to 5% of the total photovoltaic array cost annually for 4 years (meaning

20% of the total cost in the end). This equates to a savings of $59,333. The last incentive is the
Modified Accelerated Cost-Recovery System (MACRS) Depreciation. This is a federal incentive
that allows for renewable energy technologies (such as solar) to be classified as a five-year
property for depreciation deductions. This will result in a savings of $88,258 over five years.
After all the incentives it can be seen that the solar array which originally cost $296,666 will be
reduced to a cost of $60,075 (20.3% of the original price).

It is important to mention that there are also other New York State incentives for solar
photovoltaic installations. However, Hunter’s Point South School is not eligible for this because
they purchase their power from the New York Power Authority (NYPA). The other incentives
require that the buildings that install solar buy their electric from companies that pay to the
System Benefits Charge (SBC) or Renewable Portfolio Standard (RPS). Since the NYPA does not
pay to either of these causes, Hunter’s Point South School is not eligible for additional solar
incentives in New York. Lastly, New York does not have an SREC market (solar renewable
energy credit). SREC credits may be sold from the solar array owner to power companies in
SREC markets. This accounts for a good chunk of money for solar producers. It is estimated
that Hunter’s Point South School could sell their SREC credits for approximately $20,000 per
year if New York were to have a similar SREC market to Pennsylvania’s. Unfortunately, it does
not have an SREC market at all.

Solar arrays of this magnitude are usually paid for using a loan and can be available through
SunPower for SunPower products. Since significant upfront savings were made in the
mechanical alterations, no loan was needed to pay for this solar array. A cash flow diagram
year to year for the 25 year life cycle can be seen below in Table 39. The red represents
negative cash flow. Also note that an inverter replacement is assumed in year 15 which
accounts for the much higher maintenance cost. Electric savings each year are not symmetric
because price escalation was assumed for electricity costs over time, as well as for

vear._maintenance. o0 1 2 3 4 5 6 7 g 9 10 1 12
Maintenance $ - |s 0|3 zo0|s zo0|s 305 z00|$ 00($ 300(5 300[s 300|5 3005 300]3 300
Renewable Energy

Grant (Treasury) 5 $ 89,000 | $ ] ] 5 5 5 5 5 b b ]

NY City Property Tax

Abatement $ $ 14,833 | S 14,833 | $ 14,833 | $ 14,833 | § $ $ $ $ $ $ $
MACRS Depreciation | $ ¢ 52,955 |6 14,121 | $ 8,826 (% 5295 (% 7,061 % g - s - |8 - |8 g e
Electric Savings § - |$ 13939 |% 13,639 | $ 13,639 | 5 13,489 | 5 13,489 | $ 13,489 | $ 13,639 | § 13,789 | § 13,939 | 5 14,089 | $ 14,089 | $ 14,089
Payments $ 296,666 | $ ] ] $ $ ] ] ] s s 5 5

Total Annual Cash Flow| $(296,666)| $ 170,427 | § 42,293 | $ 36,998 | $ 33,317 $ 13,189 | $ 13,339 | § 13,489 | § 13,629 | § 13,789 | § 13,789 | $ 13,789
Cumulative Cash Flow| $(296,666)| $(126,239)| 5 (82,946)| $(46,948)| $(13,631) $ 6,619 | $ 19,809 | § 33,148 | $ 46,637 | $ 60,275 | $ 74,064 | $ 87,853 | $101,642
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13 14 15 16 17 18 19 20 21 22 23 24 25

003 3005 20,600 | 5 3008 30008 300135 3008 30005 0003 3005 30005 008 300

$ - /s -]/ - |5 - | - | - |8 - ]s - | - |s - |s - |s

14,089 14,089 13,933 13,939 14,089 14,239 14,239

LU0 |0 |
R R R RN
L | | |
LU0 |0 |
L |0 |0 |0
Lo |0 |0 |0
L | | |

s

13,789 | $ 13,789 | S (6,511)| & 13,789 | $ 13,639 | § 13,639 | S 13,639 | $ 13,789 | § 13,789 | 13,939 | $ 13,939 | § 13,939 | § 13,939

s

115,430 | $129,219 | $122,708 | 5136497 | $150,135 | $163,774 | $177,413 | 5191,202 | 5204,990 | $218,929 | $232,868 | $246,806 | 5260,745

Table 39 — Life Cycle Cost

After computing all the incentives in the life cycle analysis, the photovoltaic solar array had a
five year payback (red box in Table x above shows this). Over the course of its 25 year life, the
system produces 1,972,100 kWh. This equates to reducing greenhouse gas emissions by 1,351
tons of CO,. With electric price escalation, the system had a cumulative cash flow of $260,745
which is a total life-cycle payback of 188%.

Lastly, the system had to have its parts sized and be tied into Hunter’s Point South School.
Below in Figure 59 is a schematic of a string of solar panels (8 solar panels tied together).
Notice how the panels are combined negative to positive. After the panels are put in strings,
they are then fed to combiner boxes. It was calculated 3 combiner boxes were needed — 10
strings of panels each to 2 of boxes and 8 strings to another (10 x 8 x 2 + 8 x 8 = 224 panels).

Figure 59 — String of Panels

On the next page is a diagram of the whole solar photovoltaic system in Figure 60, the wire
sizes are called out as well. The panels are strung and then fed into 3 combiner boxes. From
there the combiner boxes feed into the DC Disconnect and then the DC current is converted to
useful AC current for the building in the inverter. From the inverter the current travels through
the AC Disconnect and is back fed into Switchboard 2. Switchboard 2 was chosen because it
has 3 open poles on it.
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(2)#3+#8GW-1"C

DC |
AC Switchboard 2
Disconnect  'nverter (75 kw) .
! Disconnect
— ] | T
X 10 strings - ombiner | -
Box (CB-Al |
I [] GFI
— — | Fuse
X 10 strings Combiner |
Box (CB-A2) |
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Box (CB-A3 (2) 4+ 48 GW— 17 C

Figure 60 — Schematic of Solar Photovoltaic System

The calculations for the wire sizing can be seen in Appendix AF. Appendix AG has the NEC
Tables referred to in the wire sizing calculations. Below is a summary in Table 40 of the

combiner box sizing.

Maximum | Output Fuse
#of Current |Wire Size| Rating | Ground
Mame | Circuits | [Amps) (2) (Amps) |Wire Size | EMT Size
CB-Al 10 75.3 3 AWG 80 g8 AWG 1"
CB-A2 10 75.3 3 AWG 80 8 AWG 1"
CB-A3Z ) 60.2] 4AWG 75 g8 AWG 1"

Table 40 — Combiner Box Information

Switchboard 2 had to be tied into from the inverter. An image of the balancing on the current

Switchboard 2 can be seen below in Figure 61.
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J0B NUMBER
DISTRIBUTION PANEL SWBD-2 (SERVICE) 3PH, 4W4G,
VOLTAGE 208 _
BUS SIZE 2000 10 LOCATION 1st Fl Bec Service Rm
PROTECTVE DEVICE 1 (Fuse=1 Bkr=2) MOUNTING FLOOR
MAIN OVERCURRENT DEVICE 2000 AC 200000
PROTECTVE DEVICE FEEDER
CKT NAME HP | KA | AMP | POLE [SW/BKR | FUSE/ | WRE WRE [COND [NEUIR | oND
No FRAME | TRP | PER/SET |SETS | SZE | SZE | SEZE | SEE
1 1EDP-LS/ATS-LS 31| 640 3 800 800 4 2| s00| 312 500 2/0,
2 Panel 50P-Ki A 3 00| 400 i{ 1] s00f 3i/2| 500 2
3 | Panel 3LP-DM-1 57| 159 3 00 200 f 1] 3 2 3/0 4
4 Ponels (1-2)AP-8 2 16 3 200 150 f 1 10 2 1/0 []
5 Ponels (3-4)AP-B 70| 194 3 W] 2% 4 1] 20| 2172 2% 4
6 | Ponels (3-5)AP-A 53| 148 3 00| 0 sf 1] 3 2 3/0 4
7 | Ponels (1-2AP-A 63| 175 3 400 225 o 1] 40 2172 4/0 4
8 Panels (1-3)LP-A 66| 183 3 400 250 4 1 0] 217 2 4
9 Panel (4-5)P-A 45| 126 3 200 175 4 1| 20 2 2/0 6
10 | Panel 3LP-DIM-2 511 158 3] w0 200 4 1] 30 2 3/0 4
" Spare 0 0 00 . 0 o[ fNA | INAL BNAL BN A
12 Spare 0 0 400 0 O N/A | INAL INAL O INAL A
13 Spare 0 0 200 0 A A AR
TOTAL  KVA 790
TOTAL AP 2194
SPARE  (DECIMAL) 0.1
DEM.  (DECMAL) 07
FEEDER DEMAND AMP 1755

Figure 61 — Switchboard 2 Initial

The original breaker on the switchboard was 2000 Amps. Adding in the inverter will add 208
Amps. The breaker is sized based on the feeder demand amperage. The old panel had a
demand amperage of 1755. A demand factor was not included for the inverter. This gives a
total new demand amperage of 1755 + 208 = 1963 Amps. This is still below the 2000 Amps
breaker so there is no need for an upsize. The balanced new switchboard 2 can be seen in
Appendix AH.
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Structural Breadth

When solar panels are added to a roof a structural analysis must always be performed. The
non-composite deck, beams, girders, and columns were checked to see if the extra weight
would be managed. The structural calculations, assumptions, and drawing layout can be seen
in Appendix Al for all of the above listed as well as the pages used in the steel manual and
Vulcraft catalog after the calculations in Appendices AJ through AL. The results showed that the
beams and columns were sufficient with the added load. However, the non-composite deck
and girder had to be upsized. The non-composite deck failed due to deflection under live and
total load. The deck was originally designed as a 3.25” lightweight concrete over a 3” deep-18
gage metal deck. It has been changed to a Vulcraft 2C16 non-composite deck, which is 5”
lightweight concrete with a 3” deep-16 gage deck. The girders also failed under total load
deflection. The girders were upsized from a W21x50 to a W24x55.

The new DOAS units sit atop the old AHU’s positions and the new chillers sit on the existing
chillers’ locations. Since the new DOAS units weigh less than the existing AHU’s and the new
chillers weigh less than the old ones, a structural analysis will not be needed to prove that the
roof will support these new loads. A reduction in weight on the roof will not cause it to fail.
The old roof layout can be seen below in Figure 62 (the mechanical equipment being changed is
bold labeled).

LI

3

T =3

Figure 62 — Old Roof Layout
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The locations of the three new chillers, 2 DOAS units, and the photovoltaic solar panels can be

seen below in Figure 63 in red.

Figure 63 — New Roof Layout

Lastly, the upgrades to the current roof were priced. The prices for the structural roof upgrades
can be seen below in Table 41 and the calculations in Appendix AM. The total cost for the
upgrades was $18,501.79. This is a onetime cost and requires no maintenance. This cost is

DOAS 2

DOAS 1
N N
L 1
L |

easily paid off by the solar panels.

LB .0 .y

Structural Upgrade Costs
Lightweight
Conrete |Steel Deck| Girders | Total Cost
5 8,392.23 | 59,398.36 | 5711.20 | 518,501.79

Table 41 — Structural Upgrade Costs

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report




Iaiad CIgaN Hunter’s Point South Intermediate School & High School

Results

Energy Reduction and Costs

After all of the design changes, it was found that there would be both an electricity savings
each year as well as a savings in natural gas. The savings can be seen below in Table 42 as well
as the cost savings per year. The numbers from the original Design Engineer’s calculations are

added as reference.

Matural Gas Matural Gas Cost per

Electricty (kwh | {BTU x 10° | Electricity Cost per |Total Cost per [ Square Foot

per year) per year) |Cost peryear year year of Building

Design Engineer 1,720,210 6,740 5 290,640 $ 104,066| 5 394,706 | $ 2.58
Existing Building (TRACE) 1,614,418 4223 | & 306,739 | & 65,202 |5  37L941 | % 2.43
Design Changes (TRACE) 1,508,917 2504 | & 286,694 | 38,604 | 5 325,298 | & 2.13
Differnce (TRACE) 105,501 1,725 |5 20,045 |5 26,598 | S 46,643 | § 0.31

Reduction in % (between

TRACE models) 7% 41% 7% 41% 13% 13%

Table 42 — Energy Comparison

The electricity demand each year was mainly reduced due to the photovoltaic solar array.
There was a small reduction in electricity also due to the mechanical changes. The biggest
savings was in the reduction in natural gas — so much so that the boiler system could be
reduced. This huge reduction in natural gas usage is due to the total energy recovery wheels in
the DOAS units. The wheels can accomplish the majority of heating of the outside air needed
for ventilation by using the energy from the exhaust air. This means that the preheat coil was
not needed anymore (it would be good practice to keep it though incase the wheel failed).

On the next page Figures 64 and 65 show two graphs comparing the usage of electricity and
therms of natural gas throughout the year for the existing building and the building with the
proposed design changes. During just about every month the electricity and natural gas usage
is reduced for both cases.
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Figure 64 — Comparison of Electricity Usage

MW Design Changes
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Figure 65 — Comparison of Natural Gas Usage
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A breakdown of where the energy was used in the building with the proposed designs can be
seen below in Table 43 and for the existing building in Table 44. As it can be seen from the two
tables, pump energy in the new redesign increased. This is expected because chilled water
must now be pumped to the FPIU’s cooling coils throughout the building. Fan energy
decreased only slightly in the new design because the DOAS units supply so much less air to the
spaces than AHU’s 1 through 3 but there is additional fan energy needed at the rooms for the
recirculated air to the FPIU’s. Lastly, as discussed before, the natural gas usage greatly reduced
in the new design due to the usage of the total energy recovery wheels. This can be seen under
the heating tab. It is interesting to see that the electricity for heating in the new design
increased as compared to the existing building. This is due to the electricity needed to be put
into to spinning the wheels.

% of Building

Consumption kwWh Gas (kbtu)
Heating 31.8 4,022 2,503,480
Cooling 7.4 171,388 -
Fans 22.3] 516,984 -
Pumps a.1f 187,196 -
Lighting 17.4| 404,413 -
Receptacles 13.1( 303,799 -

Table 43 — Energy Usage Breakdown Proposed Designs

% of Building

Consumption kK'Wh Gas (kbtu)
Heating 43.5 3,243 | 4,228,437
Cooling 7.3 208,595 -
Fans 19.4| 553,218 -
Pumps 5.2 148,158 -
Lighting 14.2| 404,413 -
Receptacles 10.4| 296,791 -

Table 44 — Energy Usage Breakdown Existing Building
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A pie chart was created to better see the energy consumption breakdown for the new design.

This can be seen below in Figure 66.

% of Total Energy Consumption

B Heating
B Cooling
m Fans

B Pumps
H Lighting

m Receptacles

Figure 66 — Energy Usage Breakdown Proposed Design

Savings were also created in the changes of the mechanical system. Below in Table 45 is a
comparison of the initial cost savings between the old rooftop AHU’s 1 through 3 and the
original 2 chillers compared to the new 2DOAS (including total energy recovery wheels) and 3
chillers.

Mew Design Base Building
DOAS 1 4 75,000 AHU's 1-3 $ 765,650
DOAS 2 4 122,000 old chillers | $ 820,000
CH-1 4 155,000
CH-2 4 155,000
CH-3 4 26,900
Total= | § 533,900

Cost with installation/labor/location factor
Total= | $ 963,476 | | Total= | $ 1,585,650

Table 45 — Initial Savings of AHU’s and Chillers
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The changes in the AHU’s and chillers amounted to a savings of $622,174 in initial costs. Adding

the FPIU’s and creating a secondary chilled water loop also caused a big change in costs. Below
in Table 46 is the cost associated with the FPIU’s. This table shows the cost of the FPIU’s, the
price of ductwork due to the reduction in duct sizes, the additional piping costs for the
secondary chilled water loop, the additional cost of pumps due to the secondary chilled water
loop, and an estimate for an increase in the HVAC controls cost associated with the FPIU’s and
secondary chilled water loop.

Mew Duct | Additional 2 New Extra HVAC | Total New
FPIU's Cost | CostTotal Piping Pumps Cost Controls Cost
5241,809.18 | 5227,493.00 | $209,130.00 | 5 11,601.00 | 5136,500.00 | 5826,538.13

Table 46 — Cost Associated with the FPIU’s New Design

The next table, Table 47, shows the cost relating to the original building for the changes to a
FPIU system. The original building uses VAV boxes with fin tube radiators for heating. In the
new design, the VAV boxes and fin tube radiators were removed and replaced with the FPIU’s
which had heating coils in them. The ductwork is also larger in the original design because
more air is supplied to the rooms by the VAV AHU’s compared to the DOAS units.

VAV Box Fin Tube Old Total
Cost Old Duct Cost| Radiators Cost
5216,000.00| $961,675.00 | 5300,000.00 |51,477,675.00

Table 47 — Base Building Costs Associated with FPIU’s

The new FPIU system saves $651,137 from the above cost comparison. Overall the new
mechanical changes to Hunter’s Point South School save $1,273,311. This is more than enough
to pay for the photovoltaic solar array ($296,666) and the upgrade needed in structural costs
(518,502). The initial upfront cost savings with all the design changes is $958,143. This is quite
a lot. However, to get a better picture of the true savings — including energy reduction, the cost
of the solar array’s maintenance, and solar incentives — a 25 year life cycle comparison was

done between the original design of Hunter’s Point South School and the proposed changes.
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Life Cycle Cost Analysis

Once all the changes to Hunter’s Point South School were designed and priced, a life cycle cost
analysis could be performed to see the true savings of the new design. The life cycle cost (LCC)
analysis was performed over a 25 year period. This was done because that is the system life of
the solar array. Price escalations for electricity and gas as well as discount rates were found in
the Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis — 2011. For annual

costs, a discount rate of 2.3% was used. Below in Table 48 is the 25 year LCC analysis for the
existing building (base building). It shows the price of electricity and natural gas brought back
to a net present value so it can easily be compared to the proposed designs. No maintenance
for HVAC equipment/systems was used for either the base or proposed design building. This is
because maintenance information is very hard to determine and is usually dictated by what
contract is signed between the building owner and manufacturer. It was assumed the
difference in mechanical maintenance costs between the base and proposed design building
would be very minimal.

25 Year Escalation Cost Each Year
Year LCC Electricity | Matural Gas| Electricity | Natural Gas
1 2013 0.93 0.95| 5 285,267 | 5 01,942
2 2014 0.91 0.91| 5 279,132 | S 39,334
3 2015 0.91 0.90| 5 279,132 | S 58,682
4 2016 0.50 0.90| 5 276,065 | & 58,682
3 2017 0.90 0.91| 5 276,065 | S 29,334
5] 2018 0.50 0.92| 5 276,065 | & 59,986
7 2019 0.91 0.93| 5 279,132 | & 60,638
8 2020 0.92 0.94| 5 282,200 | & 61,290
9 2021 0.93 0.95| & 285,267 | & 61,942
10 2022 0.54 0.97| 5 288,335 | & 63,246
11 2023 0.94 0.98[ 5 288,335 |5 03,898
12 2024 0.94 0.99| & 288,335 | & 64,550
13 2025 0.54 1.00| 5 288,335 | & 65,202
14 2026 0.54 1.01| 5 288,335 | & 65,854
15 2027 0.594 1.02| & 288,335 | S 66,500
16 2028 0.54 1.03| 5 288,335 | & 67,158
17 2029 0.93 1.04| 5 285,267 | & 67,810
18 2030 0.93 1.05| & 285,267 | & 63,462
19 2031 0.93 1.06| 5 285,267 | & 69,114
20 2032 0.54 1.07| 5 288,335 | & 69,766
21 2033 0.94 1.08[ & 288,335 |5 70,418
22 2034 0.95 1.09| & 291402 | S 71,070
23 2035 0.95 1.09| 5 291,402 | S 71,070
24 2036 0.95 1.11| 5 291,402 | & 72,374
25 2037 0.95 1.12| $ 291402 | S 73,026
| Npv:| $5,368,339 | 1,216,738

Table 48 — LCC Base Building [ Totalnev:| 6,585,077 |
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The LCC of the proposed design building was then computed. The values in red signify savings

that were made in the new design. Savings were made in the mechanical systems and through
incentives for the solar array. In this analysis, all cost increases and decreases of the new
design were considered. Table 49 below shows the LCC analysis of the proposed design

building.
Escalation Cost Each Year Initial Costs Maintenance Solar Incentives
Renewable NYC MARCS
25 Year Energy Grant |Property Tax |Depreciatio
Year LCC  |ElectricityMatural Gag Electricity |Natural Gas| Mechanical Solar Structural Solar Inverter | (Treasury) | Abatement n
1 2013 0.93 0.95| & 266,625 |5 36674 | 512373311 | 5296666 | 5 18502 | & 300 5 89,000 | & 14833 | 5 52,955
2 2014 0.91 0.91| & 260,892 |5 35130 5 300 5 14833 |5 14121
3 2015 0.91 0.90| 5 260,892 |5 34744 5 300 5 14833 | & B.B26
4 2016 0.90 0.90| & 258,025 |5 34744 5 300 $ 14833 | 5 5,295
5 2017 0.90 091 5 258025 |$ 35130 5 300 5 7,061
6 2018 0.90 092/ 5 258025 |% 35516 5 300
7 2019 0.91 093 5 260,892 |5 355902 5 300
8 2020 0.92 094 5 263758 |5 36,288 5 300
9 2021 0.93 095 5 2666255 36674 5 300
10 2022 0.54 097| 5 269492 |5 37446 5 300
11 2023 0.84 0.98| & 269,492 |5 370832 5 300
12 2024 0.84 0.99| 5 269492 |5 38218 5 300
13 2025 0.84 100| 5 269492 |5 382604 5 300
14 2026 0.84 101| 5 269492 |5 38990 5 500
15 2027 0.94 102| 5 269492 |$ 39376 5 300 | % 20,300
16 2028 0.94 1035 269492 |5 39762 5 300
17 2029 0.93 104 5 266,625 |5 40,148 5 300
18 2030 0.93 105 5 266625 |5 40534 5 300
18 2031 0.93 106/ 5 266625 |5 40920 5 300
20 2032 0.4 107| 5 269492 |5 41306 5 300
21 2033 0.84 108| 5 269,492 |5 41682 5 300
22 2034 0.95 109| 5 272359 |5 42078 5 300
23 2035 0.95 109| 5 272,359 |5 42078 5 300
24 2036 0.95 111| 5 272,359 |5 42,850 5 500
25 2037 0.95 1125 272,359 |$ 43,236 5 300
[ NPV 55,017,524 | 5720391 [ 5 1,273,311 [ 5296,666 | 5 18502 | 556565 14433 |5 830005 573745 85595

Table 49 — LCC Proposed Designs

The base building had a NPV of $6,585,077 while the proposed design building had a NPV of
$4,566,893. This gives a NPV savings of $2,018,185 (for the initial 25 years). A breakdown of
where costs were saved can be seen in Table 50 below. Note the red value is extra costs that
the proposed design had to pay and that the values are all in NPV.

LCC Savings over 25 Years [NPV)

Initial Cost: S 958,143

Electricity: S 350,815

Matural Gas: S 495,347

Solar Maintenance

and Inverter: S 20,089

Solar Incentives: | 5 232,969
Total:| 5 2,018,185

Table 50— LCC Comparison
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Emissions

As part of the objectives of the proposed designs, emissions reduction was strived for. This will
further help Hunter’s Point South School in its efforts to become a more green and sustainable
school. It will also serve as a teaching mechanism for the students. The emissions created by
electricity, on site combustion, and transportation for fuel to the building can be seen below in
Tables 51 through 53 for Hunter’s Point South School with the proposed redesigns.

Ib of pollutant | Ib of pollutant
Pallutant per kWh of per year due to
electricity electricity
COze 1.03E+00 1,554,184.51
CO2 9.61E-01 1,450,069.24
CHa 2.59E-01 390,809.50
N0 1.68E-05 25.35
NOx 1.72E-03 2,595.34
S50k 6.23E-03 9,400.55
CO 1.75E-03 2,640.60
TNMOC 6.38E-05 96.27
Lead 5.59E-08 0.08
Mercury 3.99E-08 0.06
PM10 6.87E-05 103.66
Solid Waste 6.18E-02 93,251.07
| kWh/year =| 1,508,917
Table 51 — Proposed Design Electricity Emissions
Ib of pollutant Ib of pollutant
Pollutant| per 1000 cubic ft TEETLEE
of natural gas 2 i
combustion
COze 1.23E+02 307,930.50
CO2 1.22E+02 305,427.00
CHa 2.50E-03 6.26
Nz0 2.50E-03 6.26
MO« 1.11E-01 277.89
50« 6.32E-04 1.58
CO 9.33E-02 233.58
VOC 6.13E-03 15,35
Lead 5.00E-07 0.00
Mercury 2.60E-07 0.00
PM10 8.40E-03 21.03
| cubic feet of natural gas = | 2503500

Table 52 — Proposed Design Emissions On-Site Combustion
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Ib of Ib of pollutant

Tl pollutant_per per year due

1000 cubic ft | transportation

of natural gas to site

COze 2. 78E+01 69,597.30

COz 1.16E+01 29,040.60

CHa 7.04E-01 1,762.46

NzO 2.35E-04 0.59

N0 1.64E-02 41.06

S0k 1.22E+00 3,054.27

CO 1.36E-02 34.05

TNMOC 4.56E-05 0.11

Lead 2A1E-07 0.00

Mercury 5.51E-08 0.00

PM10 8.17E-04 2.05

PM-unspecified 1.42E-03 3.55

Solid Waste 1.60E+00 4,005.60
| cubic feet of natural gas = | 250350'D|

Table 53 — Proposed Design Emissions Transportation

The total emissions of the new design can be seen and compared with the original building’s
emissions below in Table 54.

Existing Building | Redesign (lb Rea_i u-:_:tlon o .
Pollutant (Ib of pollutant) | of pollutant) Emissions (Ib | Reduction
of pollutant) %

COze 2,300,493.26 | 1,931,712.31 368,780.95 16.0%
COz 2,116,369.94 | 1,734,536.84 331,833.10 15.7%
CHas 421,121.63 392,578.23 28,543.40 6.8%
MNz0 38.69 32.20 6.49 16.8%
MO 3,315.50 2,914.28 401.21 12.1%
50 15,219.14 12,456.41 2,762.74 18.2%
Cco 3,277.25 2,908.23 369.02 11.3%
THNMOC 103.19 96.38 6.81 B6.6%
VO C 25.92 15.35 10.57 40.8%
Lead 0.093 0.086 0.007 7.7%
Mercury 0.066 0.061 0.005 7.2%
PM10 149.88 126.74 23.15 15.4%
PM-unspecified 6.00 3.55 2.45 40.8%
Solid Waste 106,536.47 97,256.67 9,279.80 8.7%

Table 54 — Emissions Comparison
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The emissions of each pollutant were decreased by atleast 6.8%. Overall great reductions were

made in emissions. The total carbon dioxide equivalent emission reduced by 16%.

Conclusion

The proposed changes to Hunter’s Point South School not only made the school more
sustainable but also more energy efficient. Electric and natural gas usage both decreased. The
downsizing of AHU’s 1, 2, and 3 to two DOAS units as well as the chillers downsizing helped
produce a big upfront cost. This along with the savings from smaller ducts, allowed for full
financing of the photovoltaic solar panel array. This solar array gave a green, sustainable
function to Hunter’s Point South School that can be used as both a learning tool for the
students as well as free electricity generation. Emissions output were also lowered.

The objectives of creating a more sustainable school and supplying the correct amount of
ventilation air to each room were both accomplished in the new design. In the end, the
proposed design changes had a huge impact on Hunter’s Point South School for the better.
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Appendix C — Minimum Ventilation Calculation

AHU-1
Fip
Area | [cfmiperso Fia
Foom Ma. Fioom Mame Decupancy Typs [=F] nj [cfmi=f] Pz bz [cfm Ez oz [cfmppz (cfm]  Zp Euvz
14 CustodianStorage Storage Fooms 401 0 0.1z 0 43 0.4 B2 135 0.4 110
01102 Iz Project Hoom Classrooms [age 9 plus)| 14112 b 012 hltl 520 0g ERO 1240 052 1.04
105 Iz At Art Classroom 088 n 0.018 54 i) 0.8 700 360 073 0.83
1094, Supervizar Office Space 270 5 006 2 27 0.a 34 100 0.34 122
Corridor 1zt Floor West Corridars 2800 0 0.06 0 162 0.z 210 220 0.91 0.EG
245 [edical Suite Dlaycare sickroom Toz 10 018 [ 137 0.4 234 230 102 055
24 Custodian Shop BEreak Hooms 264 b 0.0g 2 37 0g 17 126 0.8 113
207E Storage Storage Rooms 04 0 0.1z 0 13 0.8 17 34 0.50 1.08
20548 Office 'Work Foom Dffice Space xi| 5 0.06 3 35 1 35 ] 053] 047
207 Staft Development/Literacy Coac| Conferenceimesting 54 b 0.06 LY 293 0.z 3BT E20 0.69) 0487
2074 Office Dffice Space 77 ] 0.06 1 0 0.3 13 45 0.3 127
205E A Sharage Storage Rooms 24 I 0.1z 1] 1 1 il 12 0492 0ES
208C Tech Center Computer lab 412 n 012 10 150 0.8 188 200 094 062
205 Library Libraries 3883 5 0.06 43 473 03 532 1170 0.51 1.06
242 Physical Therapy Health clubfaerabics 477 20 0.06 4 03 1 109 105
208 Office Dffice Space 203 ] 0.06 2 23 0.3 23 33 033 073
209 Cow - Ativities For Daily Living Classrooms [age 9plus)|  &O0 n 0.1z 12 180 0g 226 235 0498 0El
Corridar 2nd Floor South Corridars 1230 0 006 0 T4 0.8 a3 126 0.74 0.8z
3084 [eeting Room Conference/meeting 133 5 006 [ 38 1 a8 160 0.24 133
20 Iz Classroom Clazssrooms [age 9 plus)| B34 10 012 24 423 0.z b8 B0 0.96) 0.EO
303 |z Classroom Clazsrooms [age 9 plus)| 684 10 0.1z 34 423 0.4 A28 550 0.96) 0.ED
305 Iz Clagsroom Classrooms [age 9plus)| &322 n 0.1z 24 423 0g 524 B&0 0496  0.E0
307 Fecards Storage Rooms 208 0 0.1z 0 25 1 25 100 0.26 131
kil Gen Office Dffice Space 434 5 0.06 ] 55 03 3] 130 036 1.20
il Principal Office Space 394 1] 0.08 3 o] 02 43 100 0.49 1.07
3094 i aiting FReception areas 144 5 006 [ 34 1 34 &7 055 0488
208 P ail Dffice Space 288 1] 0.08 2 28 1 28 7] ng0]  07E
Corridar 3rd Floor West Corridars 1360 0 006 0 )l 0.8 0z 136 0.7E 0.81
401 Hs Classroom Clazsrooms [age 9 plus]| 680 10 012 34 22 0.a A28 550 0.496) 0.ED
4030405 Hz Classroom Clazssrooms [age 9 plus)| 1400 10 012 B2 243 0g 1060 noa 0.96) 0.ED
407 Fecords Storage Fooms 208 0 0.1z 0 25 1 25 100 0.25 131
i Gen Office Dffice Space 434 1] 0.08 ] o] 02 3] 33 7o) 0.8v?
45 Principal Office Space 394 ] 0.06 2 34 0.8 43 100 0.43 113
1A Copy Dffice Space 144 5 0.06 1 14 03 14 4 0.44 112
4118, Copy Office Space 144 1] 0.08 1 4 02 12 21 0.8g 07
403 Plail Dffice Space 288 ] 0.06 2 28 1 28 33 0E0] 076
4094 ' aiting Reception areas 144 3 006 B 34 1 34 EY 058 0488
Corridar 4th Floor West Corridars 1360 0 006 0 )l 0.8 0z 136 0.7E 0.81
G524 Hsz Receiving Dffice Space 428 5 0.06 1 H 03 39 a3 047 1.09
b2z Hz Receiving Vestibule Reception areas 386 b 0.0g 2 4 0g 42 0z 042 115
513518 AIG158E | He Guidance College Office Space 372 ] 0.08 3 38 0.8 43 100 0.45 1.08
BIEIREAIRIER | Hs Guidance Dffice Dffice Space 429 1] 0.08 ] o] 02 3] 200 035 1.22
Corridar Gth Floor East Corridars 1500 0 006 0 02 0.8 136 200 062 0.89
502 Hs Supervizary Office Space 224 5 006 2 24 1 24 g0 0.40 116
G0 Mediation Conferencefmeeting a8 b 0.0g 4 2B 1 2B 40 0.ER 0.9
245 Office Office Space 164 ] 0.08 2 20 0.8 25 100 0.25 131
J08E Guidance Room Office Space 260 3 006 2 25 1 25 160 018 1.4
B2E E414
AHU-1 Wou
actual|min oaintake [cfm)] 14945
actual| max supply [cim]: | 30000
minimum oa
fraction AHU can 0.50
Euw= 0.62 Systemn Ventilation EFficiency
otz 12218
A abowe 15883
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AHU-2
Fp
Area| [cfmiperso Ra
Fioom Mo, Foom hame Decupancy Type [5F] nl [cfmf=f] Fz bz [cfm]  Ez oz [cfmvpz [cfm]  Zp Euvz
311G |5 & Hs Parents Meeting Room Conferencefmesting a0z ) .08 n EE] 0. 124 270 0.4E 118
1264, 126C, LIC| Furniture Storage, Vault W, Antercom, Westibg Storage Foom 474 1] 01z 1] a7 0.3 T2 150 0435 116
13 Custodial Office Office Space i 3] 0.0g 3 34 1 bou ) 100 0.34 130
11§ School Safety Office/Locker Booms Oiffice Space 474 ) .08 3 44 0.2 55 jLuli} 0.55 109
18, 120 |5 ReceivingdGeneral Supply Foom Oiffize Space a13 ) .08 7] a7 0. T2 o0 07z ns2
Corridor 15t Floor East Corridors 1060 1 0.06 0 64 1 64 100 0.64 1.00
21215/ 2180221) Special Education Classroom Classrooms [age 3 plus]| 1882 0 01z o0 1227 0.g 1634 1600 086  0ES
217 Special Education Clagroom Clazzrooms [age 3 plus]| &0O0 Lt} 01z 25 20 0.2 Jeisi] 400 047  0E&7
225 Special Education Clasroom Classrooms [age 3 plus]| ERS 0 01z i 380 0.g 488 510 096  0E3
22k Special Education Clagroom Clazzrooms [age 3 plus]| &05 Lt} 01z 25 il 0.2 oo 376
224 Special Education Clasroom Classrooms [age 3 plus]| &30 0 01z 2B 324 0.g 405 420 0485 0E3
22z Hz Book Storage Storage Foom 484 1} 01z 1] 54 0.2 T4 ik 065|099
220 Classroom Speech Classrooms [age 3 plus]| 180 0 01z k] 13 1 1K) 48 076|088
218 Clazzroom Speech Clazzrooms [age 3 plus]| 190 Lt} 01z a9 13 1 13 148 076|088
216 |= Book Storage Storage Room 489 1] 01z 1] i) 0.8 T4 13 0.E6 0.99
214 Iz AudiodVideo Security Storage Room Storage Foom 361 1} 01z 1] 44 0.2 55 ER 085 080
Corridor 2nd Floor East Corridors 1460 i} .08 1] a7 1 a7 145 0.E0 104
HE |5 Muzic Clazzrooms [age 3 plus]| 53 i} 01z 27 335 0.2 413 405 1.03 .61
320 |= Resource Classrooms [age S plus]| 323 ] 01z 1E 133 0.8 249 2E0 0.96 0.63
Jere) |5 Resouree Clazzrooms [age 3 plus]| 31 i} 01z 15 128 0.2 235 245 096 063
Corridor 3rd Floor East Corridors aan i} .08 1] ) 1 il jluli} 050 114
324 |z Clazzroom Clazzrooms [age 3 plus]| 728 i} 01z i 428 0.2 i) el 096 063
326 I= Special Education Classrooms [age 3 plus]| 467 ] 01z 23 287 0.8 369 376 0.96 0.69
322 Iz Seience Lab Science Laboratories a2 10 013 i) 463 0.2 57a E00 0.97) 0E3
32 Is Science Frep Science Laboratories 374 ] 013 1 T8 0.8 93 1200 0.0 156
3 Iz Seience Lab Science Laboratories a0 10 013 i) 462 0.2 are E00 0.98) 0E3
H? Is Classroom Classrooms [age 3 plus]| 725 0 012 35 445 0.8 BE0 B30 087 0ES
Corridor 4th Floor Eazt Corridors 30 1 008 0 50 1 50 100 0.50 114
4741342 | Hs Classroom Classrooms [age 3 plus]| 2022 0 012 102 1263 0.8 1674 1650 036 0E3
4231425 Hz Clazsroom Clazzrooms [age 3 plus]| 1415 i} 01z T a7ro 0.2 088 130 096 063
424 Hs Classroom Classrooms [age 3 plus]| B85 0 012 34 423 0.8 524 B0 036| 0ES
42z Hz Resource Clazzrooms [age 9 plus]| 36 1 01z 17 213 0.g 2E7 280 0495 0E3
420 Hs Music Storage Storage Room 383 1} 012 1] 48 0.8 ) B3 054 080
412 Hz Music Clazzrooms [age 9 plus]| 4E5 1 01z 23 288 0.g et 3BT 0498 0E7
A7 Hs Special Education Classrooms [age 3 plus]| 468 0 012 23 287 0.8 365 1856 1594 -0.30
519 Hsz Science Lab Science Laboratories 1261 0 0.1 ] E07 0.2 i) 1300 052 106
B21 Science Prep Science Laboratories A1 0 018 ] 14 0.8 177 1200 015 148
523 Science Lab Demo Science Laboratories 936 0 0.1 0 480 0.2 &0 E25 0.96) 0.E2
528 Science Lab Demo Science Laboratories 1010 jl1] 013 30 432 0.3 B3 E30 0.96) 063
2300 114rs 178ES
AHU-2 o Wps "
actual |min o intake [efm)] 19445
actual| max supply (cim): | 31700
minimum o3
fraction AHU can 0.E1
Eu= 0.E1 Systerm Ventilation Efficiency |
Yotz 18971
303 above 24662

not used
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AHU-3
Area Rp
Room Mo. Room Name Occupancy Type (sf) | (cfm/person) |Ra (cfm/sf) Pz Vbz (cfm) Voz (cfm) | Vpz (cfm) Zp Evz
361/359/357/355 |Is Classroom Classroom (age 9 plus) 2892 10 0.12 144 1788 0.8 2235 2520 0.96 0.74
353 Is Classroom Classroom (age 9 plus) 780 10 012 39 484 08 605 630 036 074
351/349 Is Classroom Classroom (age 9 plus) 1358 10 0.12 66 823 08 1029 1070 0.8 0.74
347 Is Special Education Classroom (age 9 plus) 438 10 012 21 263 08 329 30 | RS
341 Is Staff Locker Storage Room 280 0 0.12 0 34 0.8 43 180 0.24 1.46
Corridor 3rd Floor South Corridors 3125 o 0.06 o 188 0.8 235 325 072 0.93
461/459/457/455 |Hs Classroom Classroom (age 9 plus) 25944 10 0.12 144 1794 08 2243 2400 053 0.77
453 Hs Classroom Classroom (age 9 plus) 780 10 0.12 39 484 0.8 605 630 0.96 0.74
451/449 Hs Classroom Classroom (age 9 plus) 1360 10 0.12 66 824 0.8 1030 1070 0.96 0.74
447 Hs Special Education Classroom (age 9 plus) 389 10 012 12 167 (k) 209 220 035 0.75
441 Hs Staff Locker Storage Room 280 o 012 o 34 0.8 43 185 023 1.47
Corridor 4th Floor South Corridors 3125 o 0.06 o 138 0.8 235 325 072 0.98
Corridor 5th Floor South Corridors 1540 o 0.06 o 93 1 93 230 0.40 1.30
535/541 Men's & Women's Locker Rooms Storage Room 170 ] 012 ] 21 (k) 27 110 0.35 145
545 Guidance Records Office Space 165 5 0.08 1 15 08 18 45 0.42 1.28
547 Program Office Office Space 235 5 0.06 2 25 0.8 32 155 0.21 1.49
549 Hs Store Storage Room 260 0 0.12 2 32 0.8 40 100 0.40 1.30
551 Government & Club House Office Space 474 5 0.06 51 59 (k) 74 200 037 133
552 Hs Art Room Art Classroom 1051 10 0.18 52 710 0.8 888 925 0.96 0.74
594 8026 11460
AHU-3 Vou ™ Vps *
actual| min oa intake (cfm): | 13210
actual| max supply (cfm) | 27000
minimum oa fraction
AHU can supply 0.49
Ev= 0.73| System Ventilation Efficiency
ot= 105954
30% above 14240
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AHU-4
130/146 |Competition Gymnasium  [Multipurpose Assembly 8052 5 0.06 660 3784 1 3784 15040 0.25
1304 Gym Storage Storage Rooms 366 0 0.12 0 44 1 44 180 0.24
106 Is Girls' Locker Room Storage Rooms 345 0 0.12 0 42| 1 42 350 0.12
108 Health Instructor's Office  |Office Space 349 5 0.06 2 31 1 31 130 0.17
102 Is Boys' Locker Room Storage Rooms 345 0 0.12 0 42 1 42 350 0.12
134 Hs Girls' Locker Room Storage Rooms 470 [ 0.12 0 57 1 57 420 0.14
144 Hs Boys' Locker Room Storage Rooms 430 0 0.12 0 52| 1 52 380 0.14
145 Visitor Team's Locker Room |Storage Rooms 270 0 0.12 0 33 1 33 180 0.18
230/240 |Auxiliary Exercise Room Health Club/Aerobics Room| 1900 20 0.06 38 374 1 874 2000 0.44
Vou 4959
actual| min oa intake (cfm): 13360 Max Zp = 0.44
actual| max supply (cfm): 20360 Ev= 0.7
minimum oa fraction| 0.64
Vot= 7085
30% above 9211

130/146 |Competition Gymnasium 9633 3784 255 Yes Yes
130A |Gym Starage 115 44 262 Yes Yes
106 Is Girls' Locker Room 224 42 534 Yes Yes
108 Health Instructor's Office 115 31 372 Yes Yes
102 Is Boys' Locker Room 224 42 534 Yes Yes
134 Hs Girls' Locker Room 269 57 472 Yes Yes
144 Hs Boys' Locker Room 243 52 468 Yes Yes
145  |Visitor Team's Locker Room 115 33 349 Yes Yes
230/240 |Auxiliary Exercise Room 1281 874 147 Yes Yes
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AHU-5

338/356 |Is Café Cafeteria/fast food-dining 2530 7.5 0.18 172 1746 1 1746 4920 0.35 0.96
534 Kitchen Complex Cafeteria/fast food-dining 2174 7.5 0.18 16 512 1 512 3038 0.17 1.15]
534C Office 3 Office 125 5| 0.06 1 13 1 13 75 0.17 1.14]
534H Food Storage Storage A80 0 0.12 0 58 1 58 100 0.58 0.74
505/511 |Hs Café Cafeteria/fast food-dining 3150 7.5 0.18 210 2142 1 2142 5990 0.36 0.96
513,515 |Staff Dining & Servery Cafeteria/fast food-dining 1027 7.5] 0.18 8 245 1 245 600 0.41 0.91
536,538 |Men/Women Locker Room Storage 320 0 0.12 1] 39 1 39 250 0.16 1.16
5344 Can Wash Storage 480 0 0.12 0 58| 1 58| 200 0.29 1.03
Vou 4813 15173
Vpz ™
actual| min oa intake (cfm): 11840
actual| max supply (cfm): | 18700 0.317208
minimum oa fraction
AHU can supply 0.63
Ev= 0.74| System Ventilation Efficiency
Vot= 6529
30% above 8488
338/356 Is Café 3116 1746 178 Yes Yes
534 Kitchen Complex 1924 512 376 Yes Yes
534C Office 3 L 13 369 Yes Yes
534H Food Storage 64 58 110 Yes -
505/511 Hs Café 3793 2142 177 Yes Yes
513 Staff Dining & Servery 380 245 155 Yes Yes
536, 538 | Men/Women Locker Room 159 39 408 Yes Yes
534A Can Wash 127 58 219 Yes Yes
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AHU-6

338/356 |Auditorium Auditorium Seating Area 3844 5 0.06 366 2061 1 2061 7488 0.28
360 Dress Room Storage Room 150 0 0.12 0 23 1 23 150 0.15
362 Dress Room Storage Room 130 0 0.12 0 23 1 23 150 0.15
406 Projection Room Telephone/Data Entry 117 5 0.08 2 18 1 18 140 0.13

Vou 2125
actual| min oa intake (cfm): 6325 MaxZp=| 0.28
actual| max supply (cfm): 9600 Ev= 0.8
minimum oa fraction
AHU can supply 0.66
Vot= 2657
30% above 3454
338/356 Auditorium 4334 20681 239 Yes Yes
360 Dress Room 99 23 430 Yes Yes
362 Dress Room 99 23 430 Yes Yes
406 Projection Room 93 18 517 Yes Yes
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Appendix D — Latent Load Calculation

Latent Load [Total Latent
#of of an Load on |CFM Required
People in| Occupant Space to Meet
Room MNo. Room Mame Space {Btu/hr) {Btu/hr) Latent Load

141 Custodian Storage 3 250 750 54
101 Is Project Room 35 200 7000 507
103 Is Project Room 35 200 7000 507
105 Is Art 54 250 13500 978
1094 |Supervisor 2 200 400 29
107 Is Art Storage 1 250 250 18
Corridor 1st Floor West 0 250 0 0

246 Medical Suite & 250 1500 109
241 Custodian Shop 3 200 600 43
2078 Storage 0 200 0 0
2054  |Office Work Room 3 200 &00 43
207 Staff Development/Literacy Coaches 47 200 8400 681
2074 |Office 200 200 14
20568 |A/V Storage 200 0 0
205C  [Tech Center 10 200 2000 145
205 Library 42 200 9500 696
242 Physical Therapy 250 1000 72
206 Office 200 400 29
209 Cw - Activities for Daily Living 12 200 2400 174
Corridor 2nd Floor South 0 250 0 0

308 Guidance Suite 0 200 0 0
308A  |Office 1 200 200 14
3088 |Office 1 200 200 14
3080 [Meeting & 200 1200 g7
301 Is Classroom 34 200 6800 483
305 Is Classroom 34 200 6800 483
305 Is Classroom 34 200 6800 483
307 Records 1 200 200 14
311 Gen Office 5 200 1000 72
315 Principal 3 200 &00 43
3084 |Waiting & 200 1200 g7
309 Mail 2 200 400 29
Corridor 3rd Floor West 0 250 0 0

401 H= Classroom 34 200 6800 483
403 H= Classroom 31 200 6200 445
405 H= Classroom 31 200 6200 445
407 Records 1 200 200 14
411 Gen Office 5 200 1000 72
415 Principal 2 200 400 29
3114 [Copy 1 200 200 14
4114 |Copy 1 200 200 14
409 Mail 2 200 400 29
4084 [Waiting & 200 1200 g7
Corridor 4th Floor West 0 250 0 0

524 H= Receiving 2 200 400 29
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522 Hs Receiving Vestibule 2 200 400 29
518 Hs College Suite 2 200 400 29
5184 |Hs College Office 2 200 400 29
518B Hs College Conference 5 200 1000 72
516 Hs Guidance Suite 3 200 600 43
5164 |Hs Guidance Conf ] 200 1200 87
5168 Hs Guidance Office 2 200 400 29
516C Hs Guidance Office 2 200 400 29

Corridor 5th Floor East 0 250 0 0
508 Hs Supenvisory 2 200 400 29
506 Mediation 4 200 B00 58
245 Office 2 200 400 29
3088 Guidance Room 2 200 400 29
113 Hs Parents/Community Office 5 200 1000 72
115 Is Parents Coordinator Room 5 200 1000 72
L1C Vestibule 0 200 0 0
1264 |Furniture Storage 1] 200 1] 0
1266 Storage 1] 200 1] 0
126C |Vault W. Anteroom 0 200 0 0
119 Custodial Office 3 250 750 54
116 School Safety Office/Locker Rooms 3 200 &00 43
118 Is Receiving Room 2 200 400 29
120 Is General Supply Room 1] 200 1] 0

Corridor 1st Floor East 0 250 0 0
213 Special Education Classroom 25 200 5000 362
215 Special Education Classroom 25 200 5000 362
219 Special Education Classroom 25 200 5000 362
221 Special Education Classroom 25 200 5000 362
217 Special Education Clasroom 25 200 5000 362
225 Special Education Clasroom 31 200 6200 445
226 Special Education Clasroom 25 200 5000 362
224 Special Education Clasroom 26 200 5200 377
222 Hs Book Store 4 200 B00 58
220 Classroom Speech 9 200 1800 130
218 Classroom Speech 9 200 1800 130
216 Is Book Store 4 200 B00 58
214 Is Audio/Video Security Storage Room 1] 200 1] 0

Corridor 2nd Floor East 0 250 0 0
318 Is Music 27 250 6750 489
31BA Is Music Storage 1] 200 1] 0
31BB I= Music Storage 1] 200 1] 0
318C I= Music Storage 1] 200 1] 0
320 Is Resource 16 200 3200 232
322 Is Resource 15 200 3000 217

Corridor 3rd Floor East 0 250 0 0
324 Is Classroom 34 200 6800 483
325 Is Special Education 23 200 4600 333
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323 Is Science Lab 30 200 &000 435
321 I= Science Prep 1 200 200 14
319 Is Science Lab 30 200 &000 435
317 I= Classroom 36 200 7200 522

Corridor 4th Floor East 0 250 ] 1]
417 Hs Project Room 34 200 &B00 4493
419 Hs Project Room 34 200 &B00 4493
421 Hs Classroom 31 200 6200 449
423 Hs Classroom 35 200 T000 507
425 Hs Classroom 35 200 T000 507
424 Hs Classroom 34 200 6E00 483
422 H= Resource 17 200 3400 246
420 Hs Music Storage 0 200 1] 1]
418 Hs Music 23 200 4600 333
4188  |Hs Music Storage 0 200 1] 1]
418B Hs Music Storage 0 200 0 1]
418C Hs Music Storage 0 200 0 1]
517 Hs Special Education 23 200 4600 333
519 Hs Science Lab 38 200 7600 551
521 Science Prep 5 200 1000 72
523 Science Lab Demo 30 200 B000 435
525 Science Lab Demo 30 200 B000 435
361 I= Classroom 30 200 B000 435
359 I= Classroom 30 200 B000 435
357 I= Classroom 30 200 B000 435
355 I= Classroom 30 200 B000 435
353 I= Classroom 39 200 7800 565
351 I= Classroom 30 200 B000 435
345 I= Classroom 30 200 B000 435
347 I= Special Education 21 200 4200 304
341 I= Staff Locker 0 250 ] 0

Corridor 3rd Floor South 0 250 ] 0
481 Hs Classroom 30 200 6000 435
459 Hs Classroom 30 200 6000 435
457 Hs Classroom 30 200 6000 435
455 Hs Classroom 30 200 6000 435
453 Hs Classroom 39 200 7800 565
451 Hs Classroom 31 200 6200 445
445 Hs Classroom 31 200 6200 445
447 Hs Special Education 12 200 2400 174
441 Hs Staff Locker 0 250 ] 0

Corridor 4th Floor South 0 250 ] 0

Corridor 5th Floor South 0 250 ] 0
539 Men's Kitchen Locker Rooms 0 250 ] 0
541 Women's Kitchen Locker Rooms 0 250 ] 0
545 Guidance Records 1 200 200 14
547 Program Office 1 200 200 14
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54748  |Program Office 1 200 200 14
549 Hs Store 1 200 200 14
5494  |Hs Store 1 200 200 14
551 Government & Club House ] 200 1200 B7
551A |Government & Club Office 1 200 200 14
551B Government & Club Office 1 200 200 14
552 Hs Art Room 52 250 13000 042
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Appendix E — NYC Mechanical Code Ventilation

DOAS CFM - NYC Mechanical Code 2008
Room Ma. Room Mame Occupancy Tupe Arealsf] | Bplcfmiperson] | Ba [cfmisf Pz CFM

141 Custadian Storage Clazsrooms 401 15 0 3 45
1 Iz Project Foom Classrooms [age 3 plus) aoo 15 0 39 525
03 Iz Project Boom Clazzrooms [age 3 plus) Ta0 15 0 35 525
105 Iz Art Classroom 1055 15 1 S g0
1034 Supervizor Office Space 270 20 0 2 40
07 Iz At Storage Clazzsroom 234 20 0 1 20
Carridar 1zt Flaar wWest Carridars 2500 1 0.1 0 280

246 Medizal Suite Patient rooms T0z2 25 1 =] 150
241 Custadian Shop Clazsrooms 364 15 0 3 45
2076 Storage modeled az corridar 104 0 0.1 0 1
2054 Office \wWork Foom Office Space 33 20 0 3 g0
207 Sitaff DevelopmentiLiteracy Coache Conference/mesting 354 20 0 47 340
20748 Office Office Space 7T 20 0 1 20
2058 A% Storage modeled az a corridor &3 0 0.1 0 3
205C Tech Center Telecam 412 20 1 10 200
205 Library Libraries 3883 15 0 43 720
242 Phusical Therapy Patient Fooms 477 25 0 4 100
206 Office Office Space 203 20 0 2 40
203 Cw - Activities for Daily Living Classrooms 500 15 0 12 130
Carridar 2rd Flaor South Carridars 1230 1 0.1 0 123

308 Guidance Suite madeled as a carridar 120 1 0.1 1] 12
3054 Office Office Space 150 20 0 1 20
3086 Office Office Space 128 20 0 1 20
3080 Meeting Conferencelmeeting 150 20 0 5] 120
jiny| Iz Classroom Classrooms E3d 15 0 3d 510
303 Iz Clazsraom Classrooms Gigd 15 1 3 =10
305 Iz Clazsroom Classrooms 638 15 0 3d 510
307 Fecords maodeled as a Clazsraom 205 15 1 1 15
3N Gen Office Office Space 434 20 0 5 100
315 Principal Office Space 334 20 0 3 g0
3094 ‘v aiting Feception areas 144 15 0 5] a0
303 M ail Office Space 2588 20 1 2 40
Corridor 3rd Floor \West Carridors 1350 0 0.1 n] 135

401 Hs Claszroom Classrooms [=3=11] 15 1 3 =10
403 Hsz Classroom Classrooms Tdd 15 0 3 455
405 Hs Claszroom Classrooms = 15 1 K 455
407 Fecords modeled as a classroom 208 15 0 1 15
411 Gen Office Office Space 434 20 0 5 100
415 Principal Office Space 334 20 0 2 40
3a Copy Office Space 144 20 0 1 20
4114 Copy Office Space 144 20 0 1 20
403 M ail Office Space 2588 20 1 2 40
4034 ! aiting Feception areas 144 15 0 G 30
Carridar dth Flaar west Carridars 1350 1 0.1 0 135

529 Hs Receiving Office Space 425 20 0 z2 40
52z Hz Receiving Vestibule Reception areas 386 15 0 2 30
518 Hsz College Suite Office Space 150 20 0 2 40
5154 Hz Callege Office Office Space 10 20 0 2 40
=) =1=] Hsz College Conference Conferencelmesting 114 20 0 =] 100
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516 Hs Guidance Suite Reception areas 134 15 0 3 45
5164 Hz= Guidance Canf Conferencelmeeting 10 20 0 5] 120
S1EE Hs Guidance Office Office Space 120 20 ] 2 40
S16C H= Guidance Office Office Space 120 20 0 2 40

Carridar Stk Flaor East Carridors 2060 n] 0.1 n] 206

S05 Hz Supervizory Office Space 224 20 0 2 40
S06 Mediation Conference/meeting 33 20 n] 4 &0
245 Office Office Space 164 20 0 2 40
3056 Guidance Foom Office Space 250 20 0 2 40

113 Hs ParentsiCommunity Office Office Space 400 20 ] 5 100

15 Iz Parents Coordinator Boom Office Space 400 20 0 5 100

LiC Vestibule Corridors 450 n] 0.1 n] 46
1264 Furniture Storage modeled az a corridar o512 0 0.1 0 52
1266 Starage modeled as a corridor 258 n] 0.1 n] 23
126C Vault W, Anteroom maodeled as a carridar 300 0 0.1 0 30

13 Custadial Office Office Space 34 20 0 3 B0

16 School Safety OfficelLocker Fooms Office Space 473 20 ] 3 B0

L5 Iz Receiving RBoom Reception areas 153 20 0 2 40

120 Iz Gereral Supply Foom modeled as cooridar 333 n] 0.1 n] 34

Corridor 1st Flaor East Corridars 1060 0 0.1 0 106

213 Special Education Classroom Classrooms [age 3 plus) 436 1= 0] =) 375

215 Special Education Claszroom Clazzrooms [age 3 plus) 436 15 0 25 375

213 Special Education Claszroom Clazzrooms [age 3 plus) 436 15 0 25 375

2 Special Education Classroom Classrooms [age 9 plus) 436 15 1] 25 375

217 Special Education Clasroom Clazsrooms S00 15 0 25 375
225 Special Education Clasroom Classrooms E53 15 n] 3 465
226 Special Education Clasroom Clazsrooms S05 15 0 25 375
2249 Special Education Clasroom Classrooms 530 1= 0] 26 330
222 Hz Baook Stare modeled as a Clazsroom 453 15 1] 4 [=10]
220 Clazzroom Speech Clazsrooms 130 15 0 3 135

218 Classroom Speech Classrooms 130 15 1] 3 135

216 Iz Bioak Stare maodeled as Classroom 453 15 0 4 =10

214 Iz AudiolVideo Security Storage Fod modeled as Carridar 361 n] 0.1 n] 3T

Corridor 2rd Flaor East Corridars 1450 0 0.1 0 145

318 Iz Music Clazsrooms 536 15 n] 27 405
3154 Iz Music Storage modeled az a corridor 103 0 0.1 0 1
e [==1 Iz Music Storage modeled az a corridar 126 0 0.1 0 13
Fac Iz Music Storage modeled as a coridor &6 1] 01 1] 3
320 Iz Resource Classrooms 323 15 0 16 240
322 Iz Resource Classrooms 311 15 n] 15 225

Corridor Srd Floar East Corridars &30 0 0.1 0 g3

324 Iz Clazsroom Classrooms 726 15 0 3d =10
325 Iz Special Education Clazsrooms 467 15 0 23 345
323 Iz Science Lab Laborataries 303 20 0 30 G00

32 Iz Science Prep Laborataries 374 20 n] 1 20

313 Iz Science Lab Laborataries 300 20 0 30 G00

317 Iz Classroom Classrooms T26 15 n] 36 40

Corridor dth Floar East Corridars &30 0 0.1 0 g3

417 H= Project Foom Clazzrooms [age 3 plus) TES 15 0 34 510

413 Hs Project Room Classrooms [age 3 plus) TES 15 ] 34 510

421 Hs Clazsroom Clazzrooms [age 3 plus) 720 15 0 k1| 465
423 Hs Classroom Classrooms [age 9 plus) T20 15 n] 35 525
425 Hs Clazsroom Clazzrooms [age 3 plus) 720 15 0 35 525
42 Hs Clazsroom Clazsrooms G35 15 n] 3d 10
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422 Hs= Resource Clazsrooms 356 15 0 17 255

420 Hs Music Starage modeled as a coridor 383 n] 0.1 n] 33

415 H= Muszic Clazsrooms 347 15 0 23 345

4154 Hs Music Starage modeled as a corridor 70 0] 0.1 0] T
4156 H= Muzic Storage modeled az a corridar 120 0 0.1 0 12
415C H= Muzic Storage modeled az a corridar o6 0 0.1 0 5]
517 Hs Special Education Classrooms 453 15 1] 23 345

513 Hs Science Lab Laborataries 1261 20 0 35 TEO

5241 Science Prep Laborataries S01 20 n] ] 100

523 Science Lab Dema Laborataries 336 20 0 30 GO0

525 Science Lab Dema Laborataries 1070 20 0] 30 E00

361 Iz Claszroom Clazzroom [age I plusz) 740 15 0 30 450

353 Iz Claszroom Clazzroom [age I plusz) TES 15 0 30 450

357 Iz Clazsroom Classroom [age I plus) TES 15 n] 30 450

355 Iz Claszroom Clazzroom [age I plusz) TES 15 0 30 450

353 Iz Classroom Classrooms TE0 15 n] 33 585

351 Iz Claszroom Clazzroom [age I plusz) Ta0 15 0 30 450

343 Iz Claszroom Clazzroom [age I plusz) Ta0 15 0 30 450

347 Iz Special Education Classrooms 433 15 ] 21 315

341 Iz Staff Locker Lockerrooms 2a0 0 0.5 0 140

Carridar 3rd Floor South Carridors 3125 n] 0.1 n] 313

451 Hs Clazsroom Clazsrooms 630 15 0 30 450

453 Hs Classroom Classrooms TOS 15 n] 30 450

457 Hs Clazsroom Clazsrooms TO5 15 0 30 450

455 Hs Clazsroom Clazsrooms TO5 15 0 30 450

453 Hs Clazsroom Clazsrooms Tan 15 0 39 585

451 Hs Clazsroom Clazzroom [age I plusz) 720 15 0 k1| 465

443 Hs Classroom Classroom [age 9 plus) T20 15 n] 3 45

4q7 Hz Special Education Clazsrooms 389 15 0 12 180

d4dq Hs Staff Locker Lacker rooms 250 n] 0.5 n] 140

Carridor dth Floar South Corridors 3125 0 0.1 0 313

Carridor Sth Floar South Corridors 1540 0 0.1 0 154

533 Men's Kitchen Locker Booms locker rooms 165 0 0.5 0 a3

541 ‘women's Kitchen Locker Fooms | Lockerrooms 165 0 0.5 0 a3

545 Guidance Fecords Office Space 165 20 n] 1 20

547 Program Office Office Space 10 20 0 1 20

S47A Pragram Office Office Space 110 20 n] 1 20
543 Hs Store modeled az a clazsroom 200 15 0 1 15

5434 Hs Store modeled az a clazsroom 10 15 0 1 15
551 Government & Club House Office Space 240 20 ] 5] 120

5514 Government & Club Office Office Space a6 20 0 1 20
E51E Gowvermnment & Club Office Office Space 35 20 n] 1 20
552 Hs &rt Room Clazsrooms 1051 15 0 52 Ta0

total| 33263
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Appendix F — Comparing Ventilation Requirements

MNYS 30% above Max Round Up to
Mechancial [ASHRAE Std| Latent |Required|a multiple of
Room MNo. Room Mame Code 62.1 Load CFM 5 CFM

101 Is Project Room 525 580 s07 580 580
102 Is Project Room 525 572 07 572 575
105  |Is Art 810 957 978 978 980
107 Is Art Storage 20 69 18 69 70
113 Hs Parents/Community Office 100 54 72 100 100
115 Is Parents Coordinator Room 100 64 72 100 100
116 School Safety Office/Locker Rooms 60 57 a3 60 60
118 Is Receiving Room 40 26 29 40 40
119 Custodial Office 60 44 54 60 60
120 |Is General Supply Room 34 52 0 52 55
141 Custodian Storage 45 64 54 64 65
205 Library 720 615 696 720 720
206 Office 40 30 29 40 40
207  |Staff Development/Literacy Coaches 540 761 631 940 940
209 Cw - Activities for Daily Living 180 234 174 234 235
213 Special Education Classroom 375 403 362 403 405
214  |Is Audio/Video Security Storage Room 37 57 0 57 60
215 Special Education Classroom 375 403 362 403 405
216 Is Book Store 60 129 58 129 130
217  |Special Education Clasroom 375 403 362 403 405
218  |Classroom Speech 135 147 130 147 150
219 Special Education Classroom 375 403 362 403 405
220  |Classroom Speech 135 147 130 147 150
221  |Special Education Classroom 375 403 362 403 405
222 Hs Book Store 60 129 58 129 130
224 |Special Education Clasroom 390 421 377 421 425
225 Special Education Clasroom 465 507 449 507 510
226 |Special Education Clasroom 375 404 362 404 405
241  |Custodian Shop 45 48 43 48 50
242 |Physical Therapy 100 142 72 142 145
245 Office 40 26 29 40 40
246  |Medical Suite 150 243 109 243 245
301 Is Classroom 510 350 433 550 550
303 Is Classroom 310 350 433 350 350
305 Is Classroom 510 550 493 550 550
307 Records 15 33 14 33 35
308 Guidance Suite 12 10 ] 12 15
309 nail 40 36 29 40 40
311 Gen Office 100 72 72 100 100
315 Principal 60 51 43 60 60
317 Is Classroom 540 582 522 582 585
318 Is Music 405 4326 489 489 490
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319 Is Science Lab 600 601 435 601 605
320 Is Resource 240 259 232 259 260
321 Is Science Prep 20 101 14 101 105
322 Is Resource 225 244 217 244 245
323 Is Science Lab 600 602 435 602 605
324 Is Classroom 510 556 493 556 560
325  |lIs Special Education 345 373 333 373 375
341 |Is Staff Locker 140 44 0 140 140
347  |lIs Special Education 315 342 304 342 345
349 Is Classroom 450 507 435 507 510
351 Is Classroom 450 507 435 507 510
353 Is Classroom 585 629 565 629 630
355 Is Classroom 450 511 435 511 515
357 Is Classroom 450 511 435 511 515
359 Is Classroom 450 511 435 511 515
361  |lIs Classroom 450 506 435 506 510
401  [Hs Classroom 510 549 493 549 550
403 Hs Classroom 465 520 449 520 520
405 Hs Classroom 465 521 449 521 525
407  |Records 15 33 14 33 35
409 Mail 40 36 29 40 40
411  [Gen Office 100 72 72 100 100
415  |Principal 40 44 29 44 45
417  |Hs Project Room 510 563 493 563 565
418  [Hs Music 345 447 333 447 450
419 Hs Project Room 510 563 493 563 565
420 Hs Music Storage 39 60 0 60 60
421 Hs Classroom 465 516 445 516 520
422 Hs Resource 255 277 246 277 280
423 Hs Classroom 525 568 507 568 570
424  [Hs Classroom 510 550 493 550 550
425 Hs Classroom 525 568 507 568 570
441  [Hs Staff Locker 140 44 0 140 140
447 |Hs Special Education 130 217 174 217 220
449 Hs Classroom 465 516 449 516 520
451 Hs Classroom 465 516 445 516 520
453 Hs Classroom 585 629 565 629 630
455 Hs Classroom 450 501 435 501 505
457 Hs Classroom 450 501 435 501 505
459 Hs Classroom 450 501 435 501 505
461 Hs Classroom 450 4598 435 498 500
506  [Mediation 80 34 58 80 80
508  |Hs Supervisory 40 31 29 40 40
516 Hs Guidance Suite 45 35 43 45 45

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report



Iaiad CIgaN Hunter’s Point South Intermediate School & High School

517  |Hs Special Education 345 373 333 373 375
518 Hs College Suite 40 27 29 40 40
519 Hs Science Lab 760 789 551 789 790
521 Science Prep 100 183 72 183 185
522 |Hs Receiving Vestibule 30 44 29 44 45
523 Science Lab Demo 600 624 435 624 625
524 Hs Receiving 40 47 29 47 50
525 Science Lab Demo 600 627 435 627 630
533 Men's Kitchen Locker Rooms 83 26 0 83 85
541  |Women's Kitchen Locker Rooms 83 26 0 83 85
545 Guidance Records 20 20 14 20 20
547  |Program Office 20 16 14 20 20
549 Hs Store 15 44 14 44 45
551 |Gowvernment & Club House 120 59 87 120 120
552 Hs Art Room 780 923 942 942 945
109A  |Supervisor 40 35 29 40 40
1264 |Furniture Storage 52 81 0 81 85
1268 |Storage 29 46 0 46 50
126C |Vault W. Anteroom 30 47 0 47 50
205A | Office Work Room 60 46 43 60 60
205B |A/V Storage 9 14 0 14 15
205C |Tech Center 200 195 145 200 200
2077 |Office 20 13 14 20 20
2078 |Storage 11 17 0 17 20
3084 |Office 20 18 14 20 20
308B |Office 20 17 14 20 20
308B |Guidance Room 40 33 29 40 40
308D |Meeting 120 51 87 120 120
309A  |Waiting 90 51 87 90 90
311A  |Copy 20 18 14 20 20
318A  |Is Music Storage 11 17 0 17 20
3188 |Is Music Storage 13 21 0 21 25
318C |Is Music Storage 9 14 0 14 15
409A [Waiting 90 51 87 90 90
411A  |[Copy 20 18 14 20 20
418A  |Hs Music Storage 7 12 0 12 15
4188 |Hs Music Storage 12 20 0 20 20
413C  |Hs Music Stclrage i] 9 o 9 10
516A |Hs Guidance Conf 120 43 87 120 120
516B |Hs Guidance Office 40 23 29 40 40
516C |Hs Guidance Office 40 23 29 40 40
518A |Hs College Office 40 22 29 40 40
5188 |Hs College Conference 100 42 72 100 100
5478 |Program Office 20 16 14 20 20
5494 |Hs Store 15 31 14 31 35
5514 |Government & Club Office 20 14 14 20 20
551B |Government & Club Office 20 14 14 20 20
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L1C Vestibule 46 36 1] 46 a0
Corridor 1st Floor West 280 218 0 280 280
Corridor 2nd Floor South 123 96 i} 123 125
Corridor 3rd Floor West 135 105 0 135 135
Corridor 4th Floor West 135 105 0 135 135
Corridor 5th Floor East 206 161 0 206 210
Corridor 1st Floor East 106 83 0 106 110
Corridor 2nd Floor East 145 113 0 145 145
Corridor 3rd Floor East 83 65 0 33 85
Corridor 4th Floor East 83 65 i} 83 85
Corridor 3rd Floor South 313 244 0 313 315
Corridor 4th Floor South 313 244 0 313 315
Corridor 5th Floor South 154 121 0 154 155
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I GGl Hunter’s Point South Intermediate School & High School

Appendix H — ESP Supply Fan DOAS 1

in.weg

Friction Loss (in. 2009
Air velocity Duct (inches x wg per 100 ft FRICTION Fundamentals Pv [velocity | C (local loss DYNAMIC
Section Type Run type (fpm) Q (cfm) inches) Length of Run (ft) run) LOSSES (inwg) | Page/Type |pressure, in wg) | coefficient) | LOSSES (in wg)
1|Fan Discharge nfa 1700 14975|32 x 44 [1] 0 [1] 0.18 0 0.18
2|Control Damper n/a 1700 14975|32 x 44 0 0 0| 21.57/CR9-4 0.18 0.18 0.0324
3|Fire Smoke Damper (FSD) |Riser 1700 14975|32 x 44 0 0 0| 21.57/CR9-6 0.18 0.19 0.0342
4|Duct - AHU to 5th Fir Riser 1700 14975|32 x 44 5 0.08 0.004 0.18 0 0
5|90 Deg Elbow with Vanes |Riser to Main 1500 14975|32 x 44 0 0 0| 21.54/CR3-12 0.18 033 0.0594
6|Duct - 5th Fir Main 1500 14975|46x 32 11.5 0.06 0.0069 0.14 0 0
7|Tee Transition Main 1500 13090|44 x 32 0 o 0 21.63/5R5-5 0.14 0.019 0.00266
8|Duct - 5th Fir Main 1500 13090|44 x 32 9 0.065 0.00585 0.14
9|90 Deg Elbow with Vanes |Main 1500 13090|44 x 32 o o 0| 21.54/CR3-12 0.14 0.33 0.0462
10|Duct - 5th Fir Main 1500 13090|44 x 32 19.5 0.065 0.0126732 0.14 o o
11|Fire Smoke Damper (FSD) |Main 1500 13090|44 x 32 o o 0| 21.57/CR%-6 0.14 0.19 0.0266
12|90 Deg Elbow with Vanes |Main to Riser 1700 13090|44 x 32 o o 0| 21.54/CR3-12 0.18 0.33 0.0594
13|Duct - 5th to 4th Fir Riser 1700 13090|32 x 44 15 0.09 0.0135 0.18 o o
14|Tee Transition Riser 1700 8125(1Bx 44 o o 0| 21.64/SR5-13 0.18 0.0232 0.004176
15|Duct - 4th to 3rd Fir Riser 1700 8125(1Bx 44 14 0.12 0.0168 0.18 o o
16|90 Deg Elbow with Vanes |Riser to Main 1500 8125(1Bx 44 o o 0| 21.54/CR3-12 0.14 0.33 0.0462
17 |Duct - 3rd Fir Main 1500 8125(44 x 20 6.2 0.09 0.00585 0.14 o o
18|Fire Smoke Damper (FSD) |Main 1500 8125(44 x 20 o o 0| 21.57/CR%-6 0.14 0.19 0.0266
19|Tee Transition Main 1500 6385(44 x 16 o o 0| 21.64/SR5-13 0.14 0.044 0.00616
20|Elbow 45 Deg Main 1500 6385(44 x 16 o 0 0| 21.52/CR3-1 0.14 0.157 0.02198
21|Duct - 3rd Fir Main 1500 6385(44 x 16 6.5 0.1 0.0065 0.14 0 o
22|Elbow 45 Deg Main 1500 6385(44 x 16 o 0 0| 21.52/CR3-1 0.14 0.157 0.02198
23|Duct - 3rd Fir Main 1500 6385(44 x 16 20 0.1 0.02 0.14 0 o
24|Tee Transition Main 1500 5050(34 x 16 o 0 0| 21.64/5R5-13 0.14 0.036 0.00504
25|Duct - 3rd Fir Main 1500 5050(34 x 16 4 0.12 0.0048 0.14 0 o
26|Elbow 90 Deg Main 1500 5050(34 x 16 0 0| 21.52/CR3-1 0.14 0.25 0.035
27 |Duct - 3rd Fir Main 1500 5050(34 x 16 105 0.12 0.0126 0.14 0 o
28|Tee Transition Main 1500 4470(30x 16 o 0 0| 21.64/5R5-13 0.14 0.041 0.00574
29| Duct - 3rd Fir Main 1500 4470(30x 16 23 0.12 0.0276 0.14 0 o
30|Tee Transition Main 1500 3890(26x 16 o 0 0| 21.64/5R5-13 0.14 0.042 0.00588
31|Duct - 3rd Fir Main 1500 3890(26x 16 18 0.13 0.0234 0.14 0 o
32|Tee Transition Main 1500 3575(24 x 16 0 0 0| 21.64/5R5-13 0.14 0.039 0.00546
33|Duct - 3rd Fir Main 1500 3575(24 x 16 4.5 0.14 0.0063 0.14 0 0
34|Wye 45 Deg Diverging Main 1500 3165(22 x 16 0 0| 21.49/5D5-1 0.14 0.133 0.01862
35|90 Deg Elbow Main 1500 3165(22 x 16 0 0 21.52/CR3-1 0.14 0.232 0.03248
36|Duct - 3rd Flr Main 1500 3165(22 x 16 27 0.14 0.0378 0.14 0 0
37|90 Deg Elbow Main 1500 3165(22 x 16 0 0 0 21.52/CR3-1 0.14 0.232 0.03248
38|Duct - 3rd FIr Main 1500 3165(22x 16 18 0.14 0.0252 0.14 0 0
39|Wye 45 Deg Diverging Main 1500 3025(22 x 16 0 o o 21.49/5D5-1 0.14 0.146 0.02044
40|90 Deg Elbow Main 1500 3025(22 x 16 0 o o 21.52/CR3-1 0.14 0.232 0.03248
41| Duct Run Main 1500 3025(22 x 16 16 0.14 0.0224 0.14 0 0
42 |Fire Smoke Damper (FSD) |Main 1500 3025(22 x 16 0 0 0| 21.57/CR9-6 0.14 0.19 0.0266
43|90 Deg Elbow Main to Riser 1700 302510 x 30 0 0 0| 21.54/CR3-12 0.18 0.33 0.0594
44 |Duct - 3rd to 2nd Fir Riser 1700 3025(10 x 30 14 0.2 0.028 0.18 0 0
45 |Tee Transition Riser 1700 2950(20x 16 0 0 0| 21.64/5R5-13 0.18 0.75 0.135
46 |Fire Smoke Damper (FSD) |Main 1500 2950(22 x 16 0 o o 21.57/CR9-6 0.14 0.19 0.0266
47 |Balancing Damper Main 1500 2850(20x 16 0 o o 21.57/CR9-4 0.14 0.18 0.0252
48 |Duct - 2nd FIr Main 1500 2850(20x 16 14 0.16 0.0224 0.14 0 0
49 |Tee Transition Main 1500 2510(20x 16 0 o 0| 21.64/SR5-13 0.14 0.025 0.0035
50|90 Deg Elbow Main 1500 2910(20 x 16 0 0 0| 21.52/CR3-1 0.14 0.226 0.03164
51|Duct - 2nd Fir Main 1500 2910(20 x 16 335 0.16 0.0536 0.14 0 0
52|Tee Transition Main 1500 2665(38x B 0 0 0| 21.64/SR5-13 0.14 0.044 0.00616
53|90 Deg Elbow Main 1500 2665(38x 8 0 0 0 21.52/CR3-1 0.14 0.27 0.0378
54 |Duct - 2nd Fir Main 1500 2665(38x 8 104.5 0.17 0.17765 0.14 0 0
55|Wye 45 Deg Diverging Main 1500 2605(38x 8 0 o o 21.49/5D5-1 0.14 0.1423 0.019922
56|Tee Transition Main 1500 2460(38x8 0 o o 21.63/SR5-5 0.14 0.0084 0.001176
57 |Tee Transition Main 1500 2420(38x8 0 o o 21.63/SR5-5 0.14 0.0024 0.000336
58|Tee Transition Main to Branch 1000 1245(28x 8 0 o 0| 21.64/SR5-13 0.06 1.54 0.0924
59| Duct - 2nd Fir Branch 1000 1245(28x 8 205 0.17 0.03485 0.06 0 0
60|Tee Transition Branch 1000 1205(26x 8 0 0 0| 21.64/SR5-13 0.06 0.023 0.00138
61 |Duct - 2nd Fir Branch 1000 1205(26x 8 12 0.19 0.0228 0.06 0 0
62 |5D5-24 Cross, Diverging Branch 1000 945|20x 8 0 0 0| 21.50/5D5-24 0.06 0.135 0.0081
63| Duct - 2nd Fir Branch 1000 945|20x 8 28 0.11 0.0308 0.06 0 0
64 |Tee Transition Branch 1000 930|20x B 0 o 0| 21.64/5R5-13 0.06 0.67 0.0402
65 |Duct - 2nd Fir Branch 1000 930|20x B 9 0.11 0.0089 0.06 0 0
66|FPIU Inlet 0 o o 0.5
1 0.632175|in.wg 1.77699
I in.we
1 Safety Factor = 15%
: E.S.P.wj Safety Factor:| 2.7705398|in_wg
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Appendix | — ESP Return Fan DOAS 1
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Appendix J — ESP Supply Fan DOAS 2

I GGl Hunter’s Point South Intermediate School & High School

Friction
Loss (in. C (local
Air Duct wg per |FRICTION 2009 loss DYNAMI
velocity (inches x | Length of [ 100 ft LOSSES |Fundamentals| Pv (velocity |coefficie | C LOSSES
Section Type Run type (fpm) Q [cfm) | inches) Run (ft) run} {in wg) Page/Type | pressure, in wg) nt) {in wg)
1(Fan Discharge n/a 1700 26795|36 X 72 0 0 0 0.18 0 0.18
2|Control Damper nfa 1700 26796|36 x 72 0 0 0 21.57/CR9-4 0.18 0.18 0.0324
3|Fire Smoke Damper (FSD) [Riser 1700 26796|36 x 72 0 0 0| 21.57/CR9-6 0.18 0.19 0.0342
4|{Duct - AHU to 5th Fir Riser 1700 26796|36 x 72 5 0.06 0.003 0.18 0 0
5(90 Deg Elbow with Vanes |Riser to Main 1500 2325570 x 36 0 0 0| 21.54/CR3-12 0.14 0.33 0.0462
6(Duct - 5th FIr Main 1500 23255|70x 36 12 0.045 0.0054 0.14 0 0
7[Fire Smoke Damper (FSD) |Main 1500 23255|70x 36 0 0 0| 21.57/CR%-6 0.14 0.19 0.0266
8[90 Deg Elbow with Vanes |Main to Riser 1700 23255|36 x 70 0 0 0| 21.54/CR3-12 0.18 0.33 0.0594
9[Duct - 5th to 4th Fir Riser 1700 23255|36 x 70 15 0.06 0.009 0.18 0 0
10|Tee Transition Riser 1700 15990|36 x 42 0 0 0| 21.64/SR5-13 0.18 0.036 0.00648
11|Duct - 4th to 3rd Fir Riser 1700 15990|36 x 42 14 0.08 0.0112 0.18 0 0
12|Tee Transition Riser 1700 8765|20 x 42 0 0 0| 21.64/SR5-13 0.18 0.045 0.0081
13|Duct - 3rd to 2nd Flr Riser 1700 8765|20 x 42 14 0.2 0.023 0.18 0 0
14(Tee Transition Riser 1700 3810|20 x 18 0 0 0| 21.64/SR5-13 0.18 0.05 0.009
15|Duct 2nd to 1st FIr Riser 1700 3810(20 x 18 14 0.18 0.0252 0.18 0 0
16 [Fire Smoke Damper (FSD) |Riser 1700 3810|220 x 18 0 0 0 21.57/CR9-6 0.18 0.19 0.0342
17|Balancing Damper Riser 1700 3810|20 x 18 0 0 0| 21.57/CR9-4 0.18 0.18 0.0324
18|90 Deg Elbow with Vanes |Riser to Main 1500 116516 x 8 0 0 0| 21.54/CR3-12 0.14 0.33 0.0462
19|Duct - 1 st Fir Main 1500 116516 x 8 5 0.22 0.011 0.14 0 0
20|Tee Transition Main 1500 88512 x3 0 0 0| 21.64/5R5-13 0.14 0.042 0.00538
21|Duct - 1st Fir Main 1500 88512 x 8 23 0.3 0.069 0.14 0 0
22|Tee Transition Main 1500 81512 x 8 0 0 0 21.63/SR5-5 0.14 0.012| 0.00168
23[Tee Transition Main 1500 775|112 x 8 0 0 0 21.63/SR5-5 0.14 0.0074| 0.001036
24|90 Deg Elbow Main 1500 J75/12x 8 0 0 0 21.52/CR3-1 0.14 0.237( 0.03318
25|Duct - 1st Fir Main 1500 77512 x 38 9 0.32 0.0233 0.14 0 0
26(90 Deg Elbow Main 1500 J75|12 x 38 0 0 0 21.52/CR3-1 0.14 0.237| 0.03318
27|Duct - 1st Fir Main 1500 J75|12 x 38 3 0.32 0.0256 0.14 0 0
28(Tee Transition Main 1500 665|9x8 0 0 0| 21.64/SR5-13 0.14 0.021| 0.00294
29|Duct - 1st Fir Main 1500 665|9x8 46 0 0 0.14 0 0
30|Tee Transition Main 1500 565|9x 8 0 0 0 21.63/SR5-5 0.14 0.0225( 0.00315
31|Tee Transition Main 1500 465(9x 6 0 0 0| 21.64/5R5-13 0.14 0.0266| 0.003724
32| Duct - 1st Fir Main 1500 465|9x 6 30 0 0 0.14 0 0
33|Tee Transition Main 1500 A05(9x6 0 0 0 21.63/SR5-5 0.14 0.0194| 0.002716
34|Tee Transition Main 1500 365|9x6 0 0 0 21.63/5R5-5 0.14 0.015 0.0021
35|Tee Transition Main 1500 310|19x6 0 0 0 21.63/5R5-5 0.14 0.0225| 0.00315
36|Tee Transition Main 1500 235|5x5 0 0 0| 21.64/5R5-13 0.14 0.003| 0.00042
37|Duct - 1st Flr Main 1500 235|5x5 15 0.6 0.09 0.14 0 0
38| Wye 45 Deg Diverging Branch 1000 185|5x5 0 0 0| 21.49/sD5-1 0.06 0.648| 0.03333
39|Duct - 1st Flr Branch 1000 185|5x5 11 0.28 0.0308 0.06 0 0
40|Elbow 45 Deg Branch 1000 185|5x5 0 0 0 21.52/CR3-1 0.06 0.126| 0.00756
41|Duct - 1st Fir Branch 1000 185|5x5 16 0.23 0.0448 0.06 0 0
42|Tee Transition Branch 1000 100|4x 4 0 0 0| 21.64/SR5-13 0.06 0.262| 0.01572
43|90 Deg Elbow Branch 1000 100|4x4 0 0 0| 21.52/cR3-1 0.06 0.21 0.0126
44|Duct - 1st Fir Branch 1000 100|4x 4 8 0.4 0.032 0.06 0 0
45(FPIU Inlet 0 0 0 0.5
0.4138(in. wg 1.183096
[ Total E.5.p. ] 1.596896]in. wg
| safety Factor = 15]%
E.5.P. w/ Safety Factor:| 1.83643|in. wg
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I GGl Hunter’s Point South Intermediate School & High School

Appendix K — ESP Return Fan DOAS 2

Air Duct Friction Loss |FRICTION 2009 Pv (velocity DYNAMIC
velocity {inches x [Length of | (in.wg per | LOSSES |Fundamentals | pressure,in C (local loss | LOSSES (in
Section Type Run type {fpm) | Q(cfm) | inches) | Run (ft) | 100 ftrun) (in wg) Page/Type wg) coefficient) wg)
1|Grille 0.02
2|Elbow 90 Deg Riser 1700 2808(18 x 15 0 0 0 21.52fCR3-1 0.18 0.22 0.0396
3|Fire Smoke Damper (FSD) |Riser 1700 2898(18 x 15 0 0 0 21.57/CR9-6 0.18 0.19 0.0342
4|Shaft - 1st to 2nd Riser 1700 2898(18 x 15 10 0.22 0.022 0.18 0 0
5(Tee Transition Riser 1700 2308(18 x 15 0 0 0 21.43/ED5-3 0.18 1.1 0.198
6(Shaft - 2nd to 3rd Riser 1700 6667|32 x 30 14 0.13 0.0182 0.18 0 0
7|Tee Transition Riser 1700 6667(32 x 30 0 0 0 21.43/ED5-3 0.18 0.96 0.1728
8|Shaft - 3rd to 4th Riser 1700 12162(38 x 30 14 0.09 0.0126 0.18 0 0
9|Tee Transition Riser 1700 12162(38 x 30 0 0 0 21.43/ED5-3 0.18 0.7 0.126
10(Shaft - 4th to 5th Riser 1700 17687(50 x 34 15 0.08 0.012 0.18 0 0
11(90 Deg Elbow with Vanes |Riser 1700 17687(50 x 34 0 0 0| 21.54/CR3-12| 0.18 0.33 0.0594
12|(Fire Smoke Damper (FSD) |Riser 1700 17687(50 x 34 0 0 0 21.57/CR9-6 0.18 0.19 0.0342
13|90 Deg Elbow with Vanes |Riser 1700 20379(50 x 38 0 0 0| 21.54/CR3-12| 0.18 0.33 0.0594
14(Shaft - 5th to AHU Riser 1700 20379(50 x 38 5 0.07 0.0035 0.18 0 0
15|Fire Smoke Damper (FSD) |Riser 1700 20379(50 x 38 0 0 0 21.57/CR9-6 0.18 0.19 0.0342
16(Inlet to Fan Riser 1700 0 0.18 [1] 0.18
0.0683 |in. wg 0.9578
| TotalEs.p. 1.0261in. wg
[ safety Factor =] 15(%

E.5.P. w/ Safety Factcr:|

1180015 in. wg
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Iaiad CIgaN Hunter’s Point South Intermediate School & High School

Appendix L — DOAS 1 Manufacturer’s Specifications

VISION AIR HANDLING UNIT TECHNICAL DATA

Date Saved : February 29 2012

QUOTE 1D BIUNJGE(XX.000) REP. OFFICE Haviech (DC)
JOB HAME TEST BUILDING SALESPERSON GG
MODEL NUMBER CAHO28GDGM ENGINEER
UHNIT TAGGING ERU-1 VERSION 553
Unit configuration Side by side with opposed air flows
Drive {handing) location | Right
SUPPLY RETURN | EXHAUST
Alr volume 13230 9436 3 cfm
Altitude 0 0 ft
Turning loss 0.00 0.00 inWC.
External static 2.80 1.50 inWC.
Total atatic 7.71 342 inWeC.
External H x W 84 x B8 24 x 66 (Mot including base rails) ns
CASING DETAILS
Outer panel Standard G920 galv steel {unpainted)
Liner Galvanized steel (Unless noted per section)
Inzulation R-13 Injgcted Foam (Unless noted per section)
Frame 2 ins
Base 8" farmed channel
Sound baffles Mong (Unless noted per section)
Tread Plate floor liner Mong (unless noted per section)
Shrink wrapping Mo
Exhaust Air Stream
|1 ACCESS SECTION(|24 ins) | SECTION 4]
Drig pan MNone Drip side -
Alr preszsure drop 0.00 Ins WC
[DooR DATA |
Door location Drive side Window size Mone
Door width 20 ins Light Mone
Dioor opening Outward
|2 PANEL FILTER(12 ins) | SECTION 4]
Type Pleated Clean air press. drop 0.23 ins WC
Efficiency MERY 8 Mean air press. drop 0.g2 ins WC
Face velocity 325 fpm Diirty air press. drop 1.00 ins WC
Face area 29.0 ft2 Access Side
Alr volume G438 cfm
[BANK ARRANGEMENT |
Mo. of Filters SizeHxW=xD
3.0 24 x 20x 2 Ins
6.0 20x20x 2
2.0 1224 x 2
[DooR DATA
Door location Drive side Window size Mone
Door width 8 ins Light Mone
Door opening Outward
[sPECIAL
Intersept Antimicrobial freatment
Tread Plate floor liner Mone
Liner (&= casing details)
Inzulation (&= casing details)
(ERU-1} @ McQuay International , www . mcoguay.com
Page 1 of B
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il Gl Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA

Cate Saved : February 25 2012

[2 PANEL FILTER(1Z ins) [SECTION 4]
Sound baffles Mone
Special static pressure - ns WC Filter Gauge Mone
|3 ACCESS SECTION(30 ins) |SECTION 4]
Cirig pan Mone Crip side -
Air pressure drop 0.00 Ins WC
[DOOR DATA |
Door location Drive side Window gize Mone
Door width 26 ins Light Mone
Door opening Outward
|4 ENERGY RECOVERY SECTION (24 ins) |SECTION 3]
Heat Whes=| Mode ECW T26
Media Type Synthetic fiber - 4 angstrom Electrical Supply Vol 115601 Yolt
Wheel Diameter 72.00 ing Bypass Damp Opening Mo Bypass ins
Supply air CFM 13230 CFM Supply air PD Sum/Win 1287117 ins WC
Supply air B SumfWin 1036 7 1034 ft'min Exhaust air CFM 94326 CFM
Return air PC SumaVin 0.91/r0.383 ing WC  Motor HP 1
Segmented Whee Mo
Summer Conditions Winter Conditions
Outzide air DB Ba. T F Cutside air DB 12.8 F
Outzide air WB T6.8B F Outside air WB 10.0 F
Return air DB 75.0 F Feturn air DB 72.0 F
Return air WE 62.5 F Feturn air WEB 55.9 F
Supply air DB 82.2 F Supply air DB 436 F
Supply air WB 0.8 F Supply air WB 359 F
Exhaust air DB 857 F Exhaust air DB 281 F
Exhaust air WB 73.0 F Exhaust air WB 28.0 F
Latent effectivensss 68.62 %o Latent effectivenssas 70.81 %
Senzible effectivensas 7530 % Sensible effectiveness 77.20 %
Total effectiveness TO.75 % Total effectiveness T4 .55 %
Total Energy Recoversd 345881 Btu'hr  Total Energy Recoversd 675484 EBiu'hr
|5 ACCESS SECTION(16 ins) | SECTION 1]
Crig pan Mone Drig side -
Air pressure drop 0.0 Ins WC
[DOOR DATA |
Door location Drive side Window gize Mone
Droor width 12 ins Light Mone
Door opening Cutward
(ERU-1) 2@ McQuay International |, wew . moguay.com
Page 2 of B
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il Gl Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA

Cate Saved : February 25 2012

|6 RETURN/EXHAUST FAN SECTION(40 ins) |SECTION 1]
Ajr velume 9436 cfm Motor power 15.0 HP
External static pressure  1.50 ing WC  Motor type CODP
Total static pressure 342 ine WC Frame size 215 T frame
Cabinget static pressure 0 ing WC Elecirical supply 460/60/3
Type Centrifugal - Plenum Motor efficiency Premium
Blade type/Class Airfeil / 2 Motor speed 3500 rpm
Quantity of Fans 1 Block-off Plate Mo
Fan whesl diameter 18.25 ins Maotor pole 4
Brake horzepower 11.56 HP Full load current 17.8 A
OperatingMax speed 3233 1 3650 rpm Lock rotor current 116 A
Discharge Axial Motor supplier Generic
Ajr madulation Mone Actual drive service fac. 1.34
Crig pan Mone Bearing type MIA
Crig pan sids - Outlet velocity - ftim
Wheel guard Mone Inlet screen Mone
Belt guard MNone QOutlet screen Mone
Inzpection port None Motor location Behind Fan
Material type Aluminium MNumber of blades 12

|DRIVES *

Fan sheave Mis MMotor sheave [ 10

Mumber of belis 0 Belt MiA
* McQuay reserves the right to provide a different but eguivalent drive package.

[ANTI-VIBRATION MOUNTS / SPRINGS |
Type Spring
Seizmic restraint None

[DoOR DATA |
Door location Drive side Window size Hone
Door width 26 ins Light None
Coor opening Cutward

|‘ufFD I STARTER / DISCONMECT DATA
Selection type WFD - MEMA 1 Vendor ABB
Auxiliary Coniro None Voltage 460
- Mone
Mounting Door Side HxW=xD 1909 x 742 x 989 ns
Enclosure HMEMA 1 Coil Voltage MFA
Line Reactor Mone Hand Off Auto Switch Mone
24% Ctrl Transformer Mone
WFD Quantity 1

Supply Ajr Stream

(ERU-1) @ McQuay International | www.moguay.com
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Iaiad CIgaN Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA,

Date Saved : February 2% 2012

[T MIXING BOX{50 ins) [SECTION 2]
Cirig pan Mone Drip side -
Floor grating Mo
QUTSIDE AIR RETURN AIR |
Length = Width 42.00 x 62.00 Mo opening ins
Location End -
Campers UltraSeal Low Leak MNone
Actuation - -
Rated cfm 13230 13230 cfm
Alr pressure drop 0.07 in WC
Cluantity 1 1
[FILTER DATA |
Type Pleated Clean air press. drop  0.36 ins WC
Efficiency MERY 2 Mean air press. drop 0.e8 ins WC
Face velocity 456 fpm Dirty air press. drop 1.00 ins WC
Face arsa 290 fi2 Aocess Side
Alr volume 13230 cfm
[BAMK ARRANGEMENT |
Mo, of filters Size HxWx D
3.0 2422022 ing
5.0 20x20x2
2.0 12x24x2
[DoOR DATA
Door location Drive side Window zize Mone
Coor width 30 ins Light None
Door opening Cutward
[SPECIAL
Intersept Antimicrobial freatment
Tread Plats floor liner Mone
Liner (As casing details)
Insulation (As casing details)
Sound baffles None
Special static pressure - ng WC Filter Gauge MNone
[2 PANEL FILTER([14 ins) [SECTION 2]
Type Pleated Clean air press. drop  0.32 ing WC
Efficiency MERY & Mean air press. drop 0.56 ins WC
Face velocity 434 fpm Dirty air press. drop 1.00 ins WC
Face area 305 fi2 Access Side
Alr volume 13230 cfm
[BAMK ARRANGEMENT |
Mo. of Filters SizeHxWxD
1.0 24 x 24 x4 Ins
2.0 24 x 20x 4
2.0 20x 24 x4
4.0 Z0x20x4
2.0 12x 24 x4
[DoOR DATA
Door location Drive side Window =size None
Dioor width 10 ins Light None
Door opening Outward
[sPECIAL
Infersept Antimicrobial freatment
MERY 13 FINAL FILTER
Tread Platz floor liner None
(ERU-1) @ McQuay International | waww . moguay.com
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Iaiad CIgaN Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA Date Saved : February 29 2012

[2 PANEL FILTER([14 ins) [SECTION 2|
Liner {As casing details)
Inzulation (As casing details)
Sound baffles Mone
Special static pressure 1.00 ng WC Filter Gauge Mone
[3ACCESS SECTION(30 ins) [SECTION 2|
Drip pan None Drip side -
Alr pressure drop 0.00 Ins WC
| DOOR DATA |
Door location Drive side Window size Mone
Door width 26 ins Light Mone
Door opening Cutward
|4 ENERGY RECOVERY SECTION (24 ins) |SECTION 3]
[5 ACCESS SECTION(24 ins) [SECTION 5]
Drip pan Mone Drip side -
Alr pressure drop 0.00 Ins WC
|[DOOR DATA |
Door location Drive side Window size Mone
Door width 20 ins Light Mone
Door opening Outward
[6 CHILLED WATER COIL(36 ins) [SECTION 5]
Coil model SWS1212B Mumber of coils 2
Teotal capacity 977T02 Btuh Mumber of rows 12
Sengible capacity 518295 Btu'h Fing per inch 12
Alr volume 13230 cfm
Entering db/wh 822,708 F Entering water 44 0 F
Leaving dixiwh 46.4 /482 F Leaving water 51.7 F
Finned height « length 36 x 53 ing Water flow rate 25560 gpm
Face arza 2650 fit2 Water pressure drop 26.80 ft=D
Face velocity 409 ftim Water velocity 570 fifa
Coil air pressure drop 1.67 ing WC
Fluid volumes 420 ga
Fluid weight 356.00 Ik
Connection type Threadsd Fin materia Aluminum (.0075)
Conneclion Qty x size 2 x 2350 ins Tuke material Copper (.020)
Connection location Drive side Header material Copper
Connection material Carbon steel Case material Galv. steel
Glycol type (%) - {0 %) Drain pan Microbial resistant coated
galvanized
Fouling Factor 0 Drain pan side Drive side
Turbospirals Mo
Coil code SWS1212B Electro-fin coat Mane

({ERU-1) @ McQuay International , www. meoguay.com
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il Gl Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA,

Date Saved : February 2% 2012

[7 HOT WATER COIL{12 ins) [SECTION 5]
Coil mode SWa1201C Mumber of coils
Capacity 545074 Btu/h Mumber of rows 1
Finz per inch 12
Ailr volume 13230 cfm
Entering dly 281 F Entering watsr 140.0 F
Leaving di G65.5 F Leaving water 119.6 F
Finned height x length 36 x 50 ing Water flow rate 5340 gpm
Face arsa 25.00 ft2 Water pressure drop 7.0 ft=D
Face velocity 5249 fitfm Water velocity 4.70 fils
Coil air pressure drop 021 ins WC
Fluid volume 6.0 ga
Fluid weight 58.00 b
Connection type Threaded Fin materia Alurninum {.0075)
Conneclion Qty = size  2x1.50 ins Tuke material Copper (.020)
Connection location Drive side Header material Copper
Connection material Carbon steel Cases material Galvanized track
Glycol type (%) - {0 %) Drip pan Mone
Fouling Factor 1] Drip pan side -
Turbospirals No
Coil code sWa1201C Electro-fin coat Mone
[8 ACCESS SECTION(24 ins) [SECTION 5]
Cirip pan Mone Cirip side -
Adr pressure drop 0.00 Ins WC
| DOOR DATA |
Door location Drive side Window size Mone
Door width 20 ins Light Mone
Door cpening Cutward
(ERU-1) @ McQuay International | wew . meguay.com
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il Gl Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA

Cate Saved : February 2% 2012

[9 SUPPLY FAN SECTION(5Z ins) [SECTION 6]
Alr volume 13230 cfm Motor power 30.0 HF
External static pressure 2.80 ing WC  Motor type CDP
Total static pressure 7.71 ing WC  Frame size 286 T frame
Cabinet static pressure 0 ing WC Electrical supply 460/60/3
Type Centrifugal - Plenum Motor efficiency Premium
Blade type/Class Airfoil /2 Maotor speed 1750 rpm
Quantity of Fans 1 Block-off Plate Mo
Fan wheel diameter 27.00 ins Maotor pole 4
Brake horsepower 2265 HP Full load current 343 A
OperatingMax speed 1938 £ 1931 rpm Lock rotor current 2175 A
Discharge Axial Motor supplier Generic
Air modulation MNone Actual drive service fac. 1.32
Crig pan Mone Bearing type MiA
Crig pan gids - Qutlet velogity - ftim
Wheel guard Mone Inlet screen Mone
Belt guard Mone Cutlet screen Mone
Ingpection port MNone Maotor location Behind Fan
Material type Aluminium Mumber of blades 9

|DRIVES *

Fan sh=ave MNiA Motor sheave ML
Mumber of belts 0 Belt (R
* McQuay reserves the right to provide a different but equivalent drive package.

|ANTI-VIERATION MOUHNTS / SPRINGS |
Type Spring
Seismic restraint MNone

[DDOR DATA |
Door location Drive side Window size None
Door width 30 ins Light MNone
Door cpening Outward

[VFD / STARTER / DISCONNECT DATA
Selection type WFD - MEMA 1 “endor ABB
Auxiliary Confro None Voltage 460
- MNone
Mounting Door Side HxWxD 2358 x1049x10.25 ins
Enclozurs MEMA 1 Coil Voltage MNIA
Line Reactor Mone Hamd Off Auto Switch Mone
24% Ctrl Transformer MNone

WFD Cuantity

q

NOTES

Important Motice

Supply fan performance is cerified in accordance with the Central Station Air-Handling Unit Cerification Program,
which is bazed on ARI Standard 430

This unit may not meet ASHRAE Standard 90.1 - 2007 fan motor power limitations. If that code appliss, alternate fan
selections may e reguirsd.

The designer and installer must ensure compliance with applicable codes. A component supplier cannot determing
the brake horzepower ("BHP") for other motors in the air handling system.

Before approving thiz unit, determine whether ASHRAE Standard 90.1 - 2007 has been adopted in the specific
jurisdiction or contract specifications in which the unit will be inatalled.

(ERU-1) @ McQuay International | www.meguay.com
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Iaiad CIgaN Hunter’s Point South Intermediate School & High School

VISION AIR. HANDLING UNIT TECHNICAL DATA Date Saved : February 29 2012

SHIPPING SECTION DETAILS
Length {inches) Weight (Ib)
Section 1 SB 1133
Section 2 g4 1178
Section 3 26 2050
Section 4 =15 751
Section 5 96 2899
Section B 52 1455
TOTALS 268,00 (Lower level total) 9466 (Entire unit weight)
UNIT SOUND 63 H= 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz
Radiated 83 79 &7 s T3 70 55 42
Unit dizcharge 91 fate) 98 94 94 94 92 79
Unit return 86 a8 29 106 35 a8 83 75

(ERU-1) @ McQuay International | www.mcoguay.com
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Iaiad CIgaN Hunter’s Point South Intermediate School & High School

Appendix M — DOAS 1 Dimensions

Opening X Y z W({Width) Hi{Height)
& Damper 0.00 200 2300 e2.00 4200
B Cold water outlst 14690 -F.O0 4889 Z50ins. MPS -
C  Cold water inlet 16218 700 1531 2.50ins. MPS -
D Cold water outlet 14890 700 86869 250ins. MPS -
E Cold water inlet 16318 700 53.31 250ins. MPS -
F Condenzate drain conn. 16200 -220 1.00 1.25Nns MPS -
& Hot water outlet 18457 -T.OD 4855 1.50ins. MPS -
H Hof water inlel 18457 700 1490 1.50ins. MPS -
| Hotwater outlet 18457 700 8595 1.50ins. MPS -
J Hof water inlel 18457 700 5230 1.50ins. MPS -
K Supply outlet 26800 200 1000 &2.00 a0.00
L Exhaust outlet 4000 6200 1000 &2.00 a0.00
M Exhaust inlet 186.00 6300 10.00 €2.00 20.00

Dimenszions measured from o

i
113
i

i
E:j
E

1 T = =

T [] o9 i ]
: igli! M i
1A - K
LY s [ o
| = | F_H__| b
Tal I B R | I L ]
T: = +—r—t - 1] + Ej F L] i L] 1
MNOTE: Bazs 8.00ins deep, Cross members extend 4ins on each side of the unit.
VIEW: General Arrangsment
DRAWN: February-20-2012 {15:21)
JOB MAME: TEST BUILDING i
UNIT TAGGING:  ERIU- -
MODEL: CAHOZEGEDGM "
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Iaiad CIgaN Hunter’s Point South Intermediate School & High School

Appendix N — DOAS 2 Manufacturer’s Specifications
VISION AIR HANDLING UNIT TECHNICAL DATA

Date Saved : February 25 2012

QUOTE ID BIUVJE(xX.001) REF. OFFICE Havtech (DC)
JOB MAME TEST BUILDIMG SALESPERSON GG
MODEL NUMBER CAHD4SGOGEM ENGINEER
UNIT TAGGING ERU-2 VERSIOHN §.53
Unit configuration Side by side with cpposed air flows
Drive (handing) location | Right
SUPPLY RETURN / EXHAUST
Alr volume 23635 16856 3 cfm
Altitude 0 0 ft
Turning loss 0.00 0.00 in W,
Extemnal stafic 2.00 1.20 in WC.
Total static 6.959 313 in WC.
Extemnal H x W 108 x 84 108 ® 74 {Mot including base rails) ns
CASING DETAILS
Outer panel Standard G290 galv steel (unpainted)
Liner Galvanized steel (Unless noted per section)
Inzulation R-13 Injgcted Foam (Unless noted per section)
Frame 2 ins
Base 8" formed channel
Sound baffles Mone (Unless noted per section)
Tread Plate floor liner Mone (unless noted per section)
Shrink wrapping Mo
Exhaust Air Stream
|1 PANEL FILTER({12 ins}) |SECTION 4]
Type Pleated Clean air press. drop 0.26 ins WC
Efficiency MERW 8 Mean air press. drop 0.83 ins WC
Face velocity 355 fpm Dirty air press. drop 1.00 ins WC
Face area 475 ft2 Access Side
Alr volume 16856 cfm
[BANK ARRANGEMENT |
Mo. of Filters SizeHxWxD
15.0 20 x 24 x2 Ins
[DooR DATA |
Door location Drive side Window zize None
Door width 8 ins Light MNone
Door opening Outward
[sPECIAL
Intersept Antimicrobial freatment
Tread Plats floor liner Mone
Liner (A= casing details)
Inzulation (A5 casing details)
Sound baffles Mone
Special atatic pressure - ng WC Filter Gauge Mone
(ERU-2) @ McQuay International |, sww.meguay.com
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il Gl Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA

Cate Saved : February 29 2012

[2 ACCESS SECTION(36 ins) [SECTION 1]
Drig pan None Crig sids -
Alr pressure drop 0.00 Ins WC
[DoOR DATA |
Door location Drive side Window size Mone
Coor width 28 ins Light Mone
Door opaning Outward
|3 ENERGY RECOVERY SECTION (24 ins) |SECTION 3]
Heat Whesl Mode ECW SE6
Media Type Synthefic fiber - 4 angstrom Electrical Sugply Volt 11556011 “olt
Wheel Diameter 96.00 ing Bypass Damp Opening Mo Bypass ins
Supply air CFM 23835 CFM Supply air PD Sum/Min 1.29/1.18 ins WC
Supply air FY Sum/Win - 104571042 fifmin Exhaust air CFM 16856 CFM
Return air PO Sum/AWVin 0915083 inz WC  Motar HP 15
Segmentsd Whee Mo
Summer Conditions Winter Conditions
Outside air DB Bo.7T F Cutside air DB 12.8 F
Outzide air WB 768 F Cutside air WB 10.0 F
Return air DB 75.0 F Return air DB T2.0 F
Return air WB 62.5 F Return air WB 559 F
Supply air DB 82.2 F Supply air DB 436 F
Supply air WB 70.8 F Supply air WB 5.0 F
Exhaust air DB 85.7 F Exhaust air DB 28.0 F
Exhaust air WB 730 F Exhaust air WB 280 F
Latent effectivensss 68.67 %o Latent effectiveness 70.86 Y
Sensible effectiveness 75.34 % Sensible effectiveness 7724 Y%
Total effectiveness 7050 %o Total effectivensss 7455 Y
Total Energy Recovered 618185 Btu/hr  Total Ensrgy Recoversd 1207247 Btu'hr
[4 ACCESS SECTION(16 ins) [SECTION 1]
Cirig pan Mone Crip side -
Alr pressure drop 0.02 Ins WC
[DoOR DATA |
Door location Drive side Window size Mone
Door width 12 ins Light Mone
Door cpaning Cutward
(ERU-2) @ McQuay International , wew.moguay.com
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il Gl Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA

Date Saved : February 25 2012

|5 RETURN/EXHAUST FAN SECTION(54 ins) | SECTION 1]
Alr volume 16856 cfm Motor power 20.0 HE
External stafic pressure  1.20 ing WC  Motor type ODP
Total static pressure 3.13 inge WC Frame size 256 T frame
Cabinet afatic pressure 0 ing W Electrical supply 460/60/3
Type Centrifugal - Plenum Maotor efficiency Premium
Blads type/Claszs Airfoil £ 2 Motor speed 1750 rpm
Quantity of Fans 1 Block-off Plate Mo
Fan whes| diameter 30.00 ins Maotor pole 4
Brake horsepower 1338 HP Full load current 233 A
Operating/Max speed 1408 /1733 rpm Lock rotor current 145 A
Discharge Axial Mator supplier Gensric
Alr modulation MNone Actual drive service fac. 1.31
Crig pan Mone Bearing type A
Crig pan side - Cutlet velocity - ftim
Wheel guard None Inlet screen Mone
Belt guard Mone Cutlet screen Mone
Inzpection port MNone Motor location Behind Fan
Material type Aluminium Mumber of blades ]

| DRIVES *

Fan sheave Mis Maotor sheave MiA
Mumber of belts ] Belt MiA

* McQuay reserves the right to provide a different but eguivalent drive package.

|ANTI-VIBRATICIN MOUNTS / SPRINGS |
Type Spring
Seismic restraint MNone

[DoOOR DATA |
Door location Drive side Window zize Mone
Door width 30 ins Light Mone
Door opening Outward

[VFD /STARTER / DISCONNECT DATA
Selection type WFD - NEMA 1 WVendor AEBB
Auxiliary Confro Naone Voltage 460
- Mone
Mounting Digor Side HxWxD 23.58 x 1049 x10.25 inz
Enclosurs HMEMA 1 Coil Voltage MFA
Line Reactor MNone Hand Off Auto Switch Mone
24V Ctrl Transformer None
YWFD Quantity 1

Supply Air Stream

(ERU-2) @ McCQuay International | www.meoguay. com
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Iaiad CIgaN Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA Date Saved : February 28 2012

[T MIXING BOX[68 ins) [SECTION 7]
Drip pan MNone Crip side -
Floor grating Mo
OUTSIDE AIR | RETURHN AIR |
Length x Width 50.00 x 30.00 Mo opening ins
Location End -
Dampers UlraSeal Low Leak Mone
Actuation - -
Fated cfm 23635 23635 cfm
Air pressure drop 0.07 in WC
Cuantity 1 1
[FILTER DATA |
Type Pleated Clean air press. drop 0,35 ins WC
Efficiency MERV 2 Mean air press. drop 0.e7 ins WC
Face velocity 445 fpm Dirty air press. drog 1.00 ins WC
Face area 52.8 ft2 Access Side
Air volume 23635 cfm
[BANK ARRANGEMENT |
Mo, of filters SizeHxWxD
20.0 20x20x2 ing
[DoOR DATA |
Door location Drive side Window size Mone
Door width 30 ins Light Mone
Door opening Outward
[sPECIAL

Intersept Antimicrobial freatment
Tread Plate floor liner MNone

Liner (As casing detailz)

Insulation (As casing detailz)

Sound baffles Mone

Special static pressure - ng WC Filter Gauge Mone

|2 PANEL FILTER(14 ins) | SECTION 2]
Type Pleated Clean air press. drop  0.35 ing WC
Efficiency MERY & Mean air press. drop 0.6a ins WC
Face velocity 453 fpm Dirty air press. drop 1.00 ins WC
Face arsa 521 ft2 Aocess Side

Air volume 23635 cfim

[BANK ARRANGEMENT |
Mo. of Filters SizeHxWxD

200 20x20x4 Ins
[DooR DATA |
Door location Drive side Window =ize Mone
Door width 10 ins Light Mone
Door opening Cutward
|SF‘ECIAL

Intersept Antimicrebial freatment
MERY 13 FINAL FILTER
Tread Plate floor liner MNone

Liner (As casing detailz)

Inzulation (As casing detailz)

Sound baffles MNone

Special static pressure  1.00 ng WC Filter Gauge Mone

(ERU-2) @ McQuay International |, www.meoguay.com
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il Gl Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA

Diate Saved : February 29 2012

[3ACCESS SECTION(36 ins) [SECTION 2|
Drip pan Mone Drip side -
Alr pressure drop 0.00 Ins WC
[DoOR DATA |
Door location Drive side Window zize Mone
Door width 28 ins Light Maone
Door opening Outward
|4 ENERGY RECOVERY SECTION (24 ins) | SECTION 3
|5 ACCESS SECTION(24 ins) | SECTION 5]
Cirig pan Mone Cirip side -
Alr pressure drop 0.00 Ins WC
[DooR DATA |
Door location Drive side Window zize Mane
Cioor width 20 ins Light Mone
Door opening Outward
[6 CHILLED WATER COIL{45 ins) [SECTION 5]
Coil model SWM1212B Mumber of coils 2
Total capacity 1737241 Btuh Mumber of rows 12
Sensible capacity 921508 Btu'h Fing per inch 12
Adr volume 23635 cfm
Entering db/wh 8221708 F Entering watsr 44 .0 F
Leaving dibfwh 46571463 F Leaving water 516 F
Finned height x length 48 x 71 ins Water flow rate 456.60 gpm
Face area 47.33 fi2 Water pressure drop 2710 ftHD
Face velocity 44849 ft'm Water velocity 510 fifs
Coil air pressure drop 1.67 ing WC
Fluid volume 7.0 ga
Fluid weight 62500 (¥
Connection type Thrsaded Fin materia Alurninurn (0075)
Conneclion Oty x size 2 x3.00 ins Tuke material Copper (.020)
Connection location Drive side Header material Copper
Connection material Carbon steel Case material Galv. steel
Glycol type (%) - {0 %) Drain pan Microbial resistant coated
galvanized
Fouling Factor 0 Drain pan side Drive side
Turbospirals Mo
Coil code SWM1212B Electro-fin coat Mone

{ERU-2) @ McQuay International , www . mcguay.com
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il Gl Hunter’s Point South Intermediate School & High School

VISION AIR HANDLING UNIT TECHNICAL DATA

Date Saved : February 25 2012
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[7 HOT WATER COIL{12 ins) [SECTION 5]
Coill mode SWE14D01C Mumber of coils 3
Capacity 57074 Btuh Mumber of rows
Fing perinch 14
Air velume 23635 cfm
Entering db 438 F Entering water 140.0 F
Leaving dk 657 F Leaving water 119.4 F
Finned height x length 30 x 68 ins Water flow rate 55.20 gpm
Face area 42 50 fi2 Water pressure drop 2.80 ftHD
Face velocity 556 ftim Water velocity 3.50 fi's
Coil air pregsure drop 0.25 ing WC
Fluid volume 7.0 ga
Fluid weight £:3.00 (3]
Connection type Threaded Fin materia Aluminum {.0075)
Connection Qty xsize 2x1.50 ing Tuke material Copper (.020)
Connection location Drive side Header material Copper
Connection material Carbon =teel Cases material Galvanized track
Glycol type (%) - (