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Executive Summary

ANSI/ASHRAE Standard 62.1 — 2007, Ventilation for Acceptable Indoor Air
Quality, establishes the method for design engineers to achieve the minimum air quality for a
building. Section 5 of the standard establishes how mechanical systems and equipment obtain
the necessary requirements to provide acceptable air quality, where section 6 of the standard
focuses on the calculation of the minimum ventilation air required for each space in the
building.

ANSI/ASHRAE Standard 90.1 — 2007, Energy Standard for Buildings..., explains how to
“provide minimum requirements for the energy efficient design of buildings....” Section 5,
Building Envelope Requirements, establishes requirements for the exterior construction of the
building to comply with in order to be considered energy efficient. Section 6, Heating,
Ventilating, and Air Conditioning, establishes the requirements for the buildings mechanical
system to comply so that it can perform efficiently. Section 9, Lighting, establishes the amount
of energy the lighting system of a building can consume.

North Pocono High School is a 230,000 ft.” building that has a variety of spaces that have
unique requirements for each space. North Pocono’s mechanical system consists of 16 direct
expansion air handler units with heating water coils that provide air to approximately 100
reheat VAV terminal units. The water supplied to the reheat units is heated by 2 7,000 MBH oil
fired boilers. There are also some split air systems that serve areas that are not supplied by the
main mechanical system.

After reviewing the building compliance of the standards, North Pocono overall meets
the requirements established by the two standards, but there are areas where improvement
can be made. Such as in the lighting density of the gym and office area, and the outdoor
ventilation that is supplied to some of the zones as seen in the appendix C.
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Standard 62.1 - 2007

Systems and Equipment

North Pocono has a relatively simple design, with many redundancies in the mechanical
system; therefore many of the requirements in Standard 62.1 Section 5 are not applicable or
are already met due the nature of the system. List below are the sections where compliancy is
required.
5.3 Exhaust Duct Locations

All exhaust ducts are negatively pressurized to ensure the contaminants carried by the
ducts cannot leak into the spaces, and have a direct path to exhaust fans that are either roof
mounted or ceiling mounted.

5.5.1 Resistance to Mold Growth

After reviewing the construction documents it is determined that all materials have
been determined to resist mold growth.

5.6.1 Outdoor Air Intake Location

All outdoor intakes meet the minimum distance needed to comply with this section (see
Appendix A).

5.6.2-5 Outdoor Conditions

After reviewing the construction documents all of the outdoor equipment is in
compliance with these sections.

5.11 Drain Pans
After reviewing the construction documents all drain pans comply with this section.
5.12 Finned-Tube Coils and Heat Exchangers

After reviewing the construction documents all finned-tube coils are in compliance with
this section.

5.14 Access for Inspection, Cleaning, and Maintenance

After reviewing the construction documents all equipment complies with this section.
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5.15 Building Envelope

All exterior surfaces are specified to resist water permeation. All ductwork and piping is
insulated in order to comply with this section.

Assumptions

e Architectural plans with the furniture provided the correct design occupancy.
e Floor areas were correctly calculated on architectural floor plans.
e Nurse’s cot rooms were categorized as class rooms to simplify the calculation.

e Some storage spaces and closets along with the mechanical room were excluded
because they did not receive any outdoor air.

e AHU-4,6,11 and 16 are for economizer only so the exhaust or return fans that serve
those zones are properly sized; therefore they were not included in the system analysis.

Procedure

The following procedure to determine the minimum outdoor air for each zone followed
the steps set forth by Standard 62.1 Section 6.

Step 1 Determine floor area (A,), design occupancy (P.), and total supply air to the zone (V).
Step 2 Calculate the breathing zone outdoor airflow (Vy,) using the following equation:
Vbz = AZ*Ra + PZ*Rp
Ra, and R, can be found in Table 6-1 of Standard 62.1
R, = outdoor air required per unit area (cfm/ft?)
R, = outdoor air required per person (cfm/occupant)
Step 3 Determine the zone distribution effectiveness (E,) from table 6-2

Step 4 Determine the zone outdoor air flow (V,,) from the equation

Vo = Vbz/ E.
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Step 5 Calculate the zone primary outdoor air fraction (Z,) from the following equation
Z, = Voo/Vp,
Step 6 Determine the system ventilation efficiency (E,) from table 6-3 from Standard 62.1
Step 7 Calculate the uncorrected outdoor air intake (Vo) from the following equation
Vou = Yalizones (A*RP) + 3 ail zones (P2*Ra)
Step 8 Calculate the outdoor air intake (V) from the following equation
Vot = Vou/Ey
A zone calculation can be found in Appendix B.

An alternate calculation is needed to determine E, if it is above .55 which happens in some
instances in my building so here is the alternate way to calculate Vo

Step 6a Determine X, from the following equation
Xs = Vou/Vps
Vs = systems primary airflow (cfm)

Step 7a Determine zone discharge airflow (Vg,)

Step 8a Determine discharge outdoor air fraction (Z4) from the following equation
Zy=Vor/N
Vg4, = the overall air flow provided to the zone

Step 9a Determine the system ventilation efficiency (E,;) from the following equation
E,,=14+X;—2Z4

Then continue with step 7 above.

A zone calculation with this method can be found in Appendix C.

The systems that were analyzed can be found in Appendix D.
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Summary of Compliance

Overall, the North Pocono mechanical system more than more than adequately
ventilates the building, this could be due to the fact that airflows were calculated using the
trace modeling program was used to determine the outdoor air required where the value for a
Rp value for a classroom is 15 cfm/person and for an office it is 20 cfm/person, but there are
some within most systems zones that fall short of meeting the requirement. This was probably
due to cost restraints and therefore can easily be addresses with a simple change of equipment
layout or duct work. A breakdown of each system analyzed is in Appendix D.
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Standard 90.1- 2007

Daniel Hanley

Building Envelope

Since the buildings fenestration percentage is less than 40% it is acceptable to use the
prescriptive method. North Pocono is located in climate zone 5 and is a nonresidential building
and will therefore have to comply with table 5.5-6.

Table 1 - Opaque Element Compliance

Insulation Standard Assembl Assembly
Element Min. Compliant v Max. U- Compliant
R-Value U-Value
R-Value Value

Roof 10 20 No 0.681 0.48 No
Wall Type 1 10 11.4 No 0.67 0.09 Yes
Wall Type 2 10 114 No 0.093 0.09 No
Slab on NR NR NR 0.213 073 |  Yes
Grade
Table 2 - Fenestration Element Compliance

. Assembly U- Assembly Assembly .

Fenestration Value Max. U-Value SHGC Max SHGC Compliant

Metal Framing 0.5 0.45 0.55 0.4 No

Heating, Ventilating, and Air Conditioning

Since the building is larger than 25,000 ft> the Mandatory provisions method will have
to be followed in order to determine if the system is in compliance with 90.1 Section 6. In the
following tables are performance evaluations of the building’s mechanical equipment.

Table 3 - Boiler Efficiency

Boiler Net MBH Output | Gross MBH Input Efficiency Complaint
B-1 5,880 7,000 84% Yes
B-2 5,880 7,000 84% Yes
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Table 4 - Split System Air Conditioning Unit

Daniel Hanley

Unit SEER Complaint
AC-1 10.5 Yes
Table 5 — Air Handler Efficiency
Air Handler Air Flow (cfm) CFM*0.0015 Fan HP Complaint
AHU-1 15,850 23.8 25 No
AHU-2 16,415 24.6 25 No
AHU-3 36,000 54.0 25 Yes
AHU-4 3,700 5.6 5 Yes
AHU-5 6,800 10.2 15 No
AHU-6 19,500 29.3 20 Yes
AHU-7 13,500 20.3 20 Yes
AHU-8 12,650 19.0 20 No
AHU-9 14,195 21.3 25 No
AHU-10 8,565 12.8 15 No
AHU-11 3,000 4.5 5 No
AHU-12 3,800 5.7 NA NA
AHU-13 18,200 27.3 30 No
AHU-14 10,300 15.5 10 Yes
AHU-15 15,300 23.0 25 No
AHU-16 3,000 4.5 5 No
Table 6 — Kitchen Make Up Air Efficiency
Unit Air Flow (cfm) CFM*0.0011 Fan HP Complaint
MAU-1 11,230 12 10 Yes
Table 7 — Exhaust Fan Efficiency
Exhaust Fan Air Flow (cfm) CFM*0.0011 Fan HP Complaint
EF-1 1,1230 1.35 0.25 Yes
EF-2 1,150 1.27 0.25 Yes
EF-3 1,725 1.90 0.33 Yes
EF-4 1,100 1.21 1.1 Yes
EF-5 4,035 4.44 1.5 Yes
EF-6 75 0.08 0.07 Yes
EF-7 200 0.22 0.06 Yes
EF-8 880 0.91 0.25 Yes
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EF-9 75 0.08 0.07 Yes
EF-10 75 0.08 0.07 Yes
EF-11 75 0.08 0.07 Yes
EF-12 1,500 1.65 0.25 Yes
EF-13 75 0.08 0.07 Yes
EF-14 75 0.08 0.07 Yes
EF-15 200 0.22 0.06 Yes
EF-16 200 0.22 0.06 Yes
EF-17 3,375 3.71 1.5 Yes
EF-18 770 0.85 0.25 Yes
EF-19 3,750 4.13 2.0 Yes
EF-20 3,750 4.13 2.0 Yes
EF-21 3,750 4.13 2.0 Yes
EF-22 105 0.12 0.07 Yes
EF-23 300 0.33 0.19 Yes
EF-24 75 0.08 0.07 Yes
EF-25 75 0.08 0.07 Yes
EF-26 200 0.22 0.06 Yes
EF-27 1,275 1.40 0.25 Yes
EF-28 125 0.14 0.02 Yes

While most the equipment complies with the 2007 standard the majority of the air
handlers do not. They, however, did comply with the 2004 edition which was the standard
used when the system was designed.

Service Water Heater

The two boilers are in compliance with this section, boilers are required to have
efficiency greater than 78% and as already shown in Table 3 the boilers in this system are rated

at 84%.

Lighting

Due to the size and number of rooms within in the school the building area method was
used to calculate the power density for each area of the building. Table - 8 shows the areas that
were used to divide up the school.
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Table 8 — Lighting Density

Daniel Hanley

2 Allowable .
Space Area (ft%) Actual Watts Watts Complaint
School 144,662 116,349 173,594 Yes
Gym 26,755 34,153 29,430 No
Office 6,186 6,508 6,186 No
Theater 10,720 5,166 17,152 Yes
Library 3,490 1,806 4,537 Yes
Cafeteria 13,620 8,784 19,068 Yes

The building complies with the overall lighting density but as the table above shows that

the office and gym do not meet 90.1 requirements.

10
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Appendix A Standard 62.1 Section 5.6.1

Minimum | Actual
Object Distance | Distance
(ft.) (ft.)

Significantly Contaminated Exhaust 15 20
Noxious or Dangerous Exhaust 30 NA
Vents, Chimneys, and Flues from Combustion Appliances and 15 NA
Equipment
Garage Entry, automobile loading area, or drive in queue 15 60
Truck loading area or dock, bus parking/idling area 25 60
Driveway, street, or parking place 5 90
Thoroughfare with high traffic volume 25 NA
Roof, landscaped grade, or other surface directly below intake 1 NA
Garbage storage/pick-up area, dumpsters, 15 20
Cooling tower intake or basin 15 NA
Cooling tower exhaust 25 NA

Appendix B Outdoor Air Calculation

Outdoor Air Calculation for a typical classroom served by air handler 7 with a primary

airflow of 1,280

Step 1 Determine A, and P,: A, =802 ft2, P, = 25 occupants

Step 2 Calculate V,: From table 6-1 Ra = 0.12 cfm/ft*> and Rz = 5 cfm/occupants

Vp, = 802*0.12+25*10 = 345 cfm
Step 3 Determine E, from table 6-2: E, = 1.0
Step 4 Determine V,,:

Vo, = 345/1.0 = 345 cfm
Step 5 Determine Z,:

Z, = 345/1,280 = 0.27

12
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Step 6 Determine E, from Table 6-3: E,=0.8
Step 7 Determine V,:

Vou=4,525 cfm
Step 8 Calculate Vqt:

Vot =4,525/0.8 = 5,655 cfm

Appendix C Outdoor Air Calculation

Outdoor air calculation for a zone with a Z, value greater than 0.55, the space is a
waiting room classified as reception served by Air Handler 10 with a V,, = 100 cfm

Step 1 Determine A, and P,: A, =370 ft2, P, = 14 occupants
Step 2 Calculate Vp,: From table 6-1 Ra = 0.06 cfm/ft* and Rp = 5 cfm/occupants
Vi, = 370*%0.06+14*5 = 50 cfm

Step 3 Determine E, from table 6-2: E, = 0.8 — This is because the air supplied to this space is
15°F greater than designed temperature.

Step 4 Determine V,;:
Vo, =50/0.8 = 65 cfm
Step 5 Determine Z,:
Z,=345/1,280=0.27
Step 6a Determine X;:
Xs=1,670/8,565 = 0.19
Step 7a Determine Vg,: Vg4, = 100 cfm

Step 8a Determine Zg:

13
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Z4=65/100 = 0.65
Step 9a Determine E,;:
E,,=1+0.19-0.65=0.54
Step 10 Determine Vq:
Vou=1,670 cfm
Step 11 Determine V.

Vot = 1,670/0.54 = 3,090 cfm

Daniel Hanley

14
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North Pocono High School

Appendix D System Ventilation Analysis
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