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Executive Summary

The purpose of this report is to determine whether Bentworth Middle School complies with ASHRAE
Standard 62.1-2007 and ASHRAE Standard 90.1-2007.

The newly built Bentworth Middle School is located Bentleyville, PA. The school is considered a state-
of-the-art facility and just opened its doors to students grades five through eight in January 2009.
Ensuring that the students and staff were provided with a comfortable and functional learning and
working environment was a priority. Directly related to this is air quality and energy efficiency of the
building as clean, fresh air is ideal in any environment and schools are always looking to save money on
energy expenditure in order to provide more money allowance to go into furthering student education.
Therefore, ASHRAE Standards 62.1 and 90.1 are very relevant design parameters.

The evaluation of ASHRAE Standard 62.1-2007 showed that the building just fell short of complete
compliance with the standard. The two primary sections of this standard that were evaluated were
Section 5 Systems and Equipment and Section 6 Procedures. Bentworth Middle School complied with
all parts of Section 5, displaying the school’s excellence in system design and equipment use. However,
when the school’s ventilation rates were studied under the procedures outlined in Section 6 a
discrepancy was found. It appeared that one of the rooftop heat pumps was not capable of providing the
required amount of ventilation air. Since this rooftop unit is providing outdoor air to the heat pumps in
the classroom wing, it is believed that it will still be able to provide adequate ventilation air to spaces as
it is very unlikely that all of the spaces will require peak ventilation air rates at the same time. It is also
believed that ASHRAE assumed a higher number of occupants in some of the spaces than what was
actually designed for.

It was also determined that Bentworth Middle School was just shy of compliance with ASHRAE
Standard 90.1-2007. The two primary areas where the building fell short were Fan Power Limitation
and the flooring U-value. It was also difficult to differentiate whether or not the building’s heat pumps
met the minimum efficiency requirements outlined in this standard because the entering water
temperatures ASHRAE used to determine the minimum COP and EER values were different than the
design entering water temperatures at Bentworth Middle School.

Although Bentworth Middle School did not achieve
complete compliance with either of the standards
this report shows that the school’s design was still
incredibly accurate and energy efficient. If some
additional considerations had been given to
ASHRAE Standards 62.1 and 90.1 early on in the
design process or if a few minor alterations are
made to the building, Bentworth Middle School
would easily be in accordance with the standards.
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ASHRAE Standard 62.1-2007 Evaluation

Section 5 Compliance — Systems and Equipment

Although many of the spaces are designed to include operable double hung windows, they were not
intended to be the sole source for fresh air. However, many of the spaces, such as the classrooms, are
capable of being naturally ventilated given the right outdoor air conditions as the amount of openable
window area is at least 4% of the floor area and is within 25 feet of the space.

The specifications state that the various mechanical equipment responsible for providing ventilation
have controls able to maintain an adjustable minimum ventilation rate under any load condition as
required by Section 6 of ASHRAE 62.1. A full analysis of Section 6 can be found in this report.

Spaces that contain potentially harmful contaminants are equipped with exhaust fans. Each of these fans
exhaust air at high speeds of over 1000 fpm. Such speeds will create a negative pressure in the duct
relative to the room, ensuring that the space is not polluted by the contaminant. Furthermore, all ducts
are sealed in accordance with SMACNA standards.

The mechanical ventilation of the building is mainly provided by six rooftop heat pumps. Two of these
rooftop units simply provide ventilation air to the heat pumps serving the classrooms, library, and office
area. When any of these zones are in an occupied mode, the rooftop units will energize and operate to
provide tempered ventilation air as required. This requirement is determined by a static pressure sensor
installed in the ductwork which will increase the variable frequency drive supply and return fans’ speed
when the static pressure in the duct decreases or it will decrease the fans’ speed if the static pressure
increases. The remaining four rooftop units provide air to large spaces and use a demand controlled
ventilation sequence which is dictated by CO, sensor in the space. This sensor measures the differential
CO;, level between the outdoor and indoor environments. If this differential rises above 700 ppm, then
the outdoor air damper will modulate open as needed to maintain a differential below 700 ppm. As the
differential CO; level drops below 700 ppm the outdoor air damper will close. As an energy saving
feature, the enthalpy economizer controls are able to override the demand controlled ventilation controls
if economizer cooling is available.

The specifications for basic mechanical requirements state that all product materials must be UL listed
and the duct specifications require that all ductwork fabrication and support must be in accordance with
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SMACNA HVAC Duct Construction Standards. These standards state that a minimum resistance to
mold growth and erosion must be met, satisfying this section.

All air intakes are located either in the mechanical mezzanine or on the roof and abide by the minimum
separation distance. Both the wall louvers and mechanically operated dampers comply with AMCA
500. The wall louvers also have bird screens conforming to this section. This is all the information
pertaining to this section available at this time.

Any equipment that produces building contaminants is equipped with an exhaust fan which routes the
exhaust direct out of the building through the roof.

All combustion equipment is provided with sufficient combustion air and is adequately exhausted.
Specifically, the natural gas fired emergency generator was provided with a wall louver by the general
contractor and it is specified that it was to be provided with a Schedule 40 black steel pipe exhaust.

The rooftop heat pumps have pleated air filters with an atmospheric efficiency between 25% and 30%
located upstream of their cooling coils. This is equivalent to a MERYV 6 or MERYV 7 filter and is
therefore in compliance.

The heat pumps are equipped with humidity sensors that maintain a relative humidity within the space at
60% or less. Additionally, a pressure sensor ensures that the room pressure remains at +0.05 in wg
relative to the outdoor pressure in order to prevent infiltration.

It is specified that all rooftop heat pumps be constructed of 20-guage stainless steel, sloped, and
positioned under the evaporator coil and meet all requirements of ASHRAE 62.1.

Drain pans have been provided as necessary and in compliance with 5.11 and there are no finned-tube
coils in series.

No humidifiers or water-spray systems are used in the building so this section is not applicable.

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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Appropriate clearances to allow unobstructed access to all equipment doors and panels as indicated in
this section have been specified for the purposes of inspection, cleaning, and maintenance.

In order to prevent moisture penetration of the foundation, both a modified bituminous membrane sheet
waterproofing and cold towel-applied asphalt bituminous dampproofing were used. A vapor barrier
below the slab on grade is also provided. Within the exterior wall assembly there is 1 % inch rigid
insulation board applied to the block in full bed mastic which acts as the vapor barrier. All exterior and
interior joints and openings have been specified to be sealed or caulked.

All duct and pipe surfaces within the building that may fall to a temperature capable of producing
condensation on their surface have been properly insulated in order to prevent moisture collection both
on the exposed surface and within the insulating material.

This section is not applicable as there is no parking garage attached to Bentworth Middle School.

All building air has a Class 1 designation which allows it to be recirculated or transferred to any space.
The only exception to this would be the kitchen air, which is simply exhausted to the exterior of the
building through the kitchen hood.

The property on which Bentworth Middle School is located is designated a tobacco free zone.
Therefore, this section does not apply.

Section 6 Compliance — Procedures

The purpose of ASHRAE Standard 62.1 Section 6 is to outline the proper procedure for calculating the
outdoor air intake rates based on “space type/application, occupancy level, and floor area.” This
calculation procedure is very stringent and involves many considerations and equations. Therefore, the
procedure for the calculations for Bentworth Middle School are outlined on the next page.

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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Breathing Zone Outdoor Airflow
Viz=Rp*P,+Ra * A, (Equation 6-1)
where: A, = zone floor area: the net occupiable floor area of the zone (ft?)

P, = zone population: the largest number of people expected to occupy the zone during typical
usage. If the number of people expected to occupy the zone fluctuate, P, may be
estimated bases on averaging approaches described in Section 6.2.6.2. If P, cannot be
accurately predicted during design, it shall be an estimated value based on the zone floor
area and the default occupant density listed in Table 6-1.

R, = outdoor airflow rate required per person as determined from Table 6-1

Ra= outdoor airflow rate required per unit area as determined from Table 6-1

Zone Air Distribution Effectiveness
E, =1 as determined by Table 6-2 of ASHRAE Standard 62.1

Zone Outdoor Airflow
Voz = Vi, | E; (Equation 6-2)

Single-Zone Systems
Vot = Vo, (Equation 6-3)

100% Outdoor Air Systems
Vot = Zall zones Voz (Equation 6'4)

Primary Outdoor Air Fraction
Zy=Vo | Vi, (Equation 6-5)

System Ventilation Efficiency
E, shall be determined using Table 6-3 of ASHRAE Standard 62.1 which is shown on the next page.

Uncorrected Outdoor Air Intake
Vou = I:)Zall zones(Rp * Pz) + Zall zones(Ra* Az) (Equation 6'6)
where: D= Ps/ > ail zonesPz (Equation 6-7)
Ps=  system population: is the total population in the area served by the system

Outdoor Air Intake
Vot =V ! Ey

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010



Bentworth Middle School: Technical Report One Page | 8

'TABLE 6-3 System Ventilation Efficiency

Max (Zp) E,
<0.15 1.0
<0.25 0.9
<0.35 0.8
<0.45 0.7
<0.55 0.6
>0.55 Use Appendix A

1. “Max Z,” refers to the largest value of Z,, calculated using Equation 6-5, among alt
the zones served by the system.
2. For values of Z, between 0.15 and 0.55, one may determine the corresponding value
-of E, by interpelating the values in the table.
3. The values of E, in this table are based on a 0.15 average outdoor air fraction for the
-system (i.e., the ratio of the uncorrected outdoor air intake V,, to the total zone
primary airflow for all the zones served by the air handler). For systems with higher
“values of the average cutdoor air fraction, this table may result in unrealistically low
values of E, and the use of Appendix A may yield more practical results,

Seven units provide ventilation air to Bentworth Middle School including six rooftop heat pump units
and one energy recovery ventilator (ERV). However, for this analysis only five of the rooftop heat
pump units were seen as critical pieces of ventilation equipment and therefore were considered to
evaluate the building’s compliance with Section 6. The ERV was not considered because it only
provides a small amount of outdoor air (1300 cfm) to the locker room areas and ASHRAE Standard 62.1
does not specifically outline ventilation rates for this type of space. Rooftop heat pump B5 was also not
considered because it only provides make-up air for the kitchen hood and does not actually ventilate the
space.

An Excel spreadsheet was used to determine whether or not Bentworth Middle School’s ventilation rates
met ASHRAE’s Standard 62.1 Section 6 expectations. This Excel spreadsheet uses the equations
outlined above and user input values for a space’s square footage, room occupancy type, and supply air.
The complete results of these calculations are located in Appendix A, but below is a table summarizing
the building’s compliance.

As can be seen on the next page, not all of the rooftop heat pumps meet the ventilation requirements of
the zones that they are supplying. It is worrisome that RTHP-AL seems to be grossly undersized, but
there could be reasons behind this and there is only a small discrepancy between the design and required
outdoor air values for RTHP-B3 so this is not very bothersome as the unit should still be able to do its
job.

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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Table 1 — Summary of Ventilation Rate Calculations
RTHP Design Design OA ASHRAE Compliance?

Max CFM CFM 62.1 Min OA
Al 11,500 11,500 18,487 No
B1 3,500 3,500 3,175 Yes
B2 6,000 4,110 3,538 Yes
B3 2,100 1,110 1,176 No
B4 10,000 8,000 4,791 Yes

ASHRAE 62.1-2007 Summary

The design of Bentworth Middle School is completely compliant with Section 5 of ASHRAE 62.1 but
one of the rooftop heat pumps appears to not meet its peak ventilation requirements as outlined by
Section 6. This is troubling, further investigation will have to be done to see why this is. Perhaps, it is
because it is unlikely that all of the spaces served by RTHP-A1 with require peak ventilation at the same
time and that the average number of people that ASHRAE assumes to be the space is larger than what
the building spaces were actually designed for.

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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ASHRAE Standard 90.1-2007 Evaluation

Section 5 Building Envelope

Using Figure B-1 from ASHRAE 90.1, shown below, it was determined that Bentworth Middle School,
located in Bentleyville, PA, is in climate Zone 5A.
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Figure B-1

The building is specified to have all joints, seams, fenestrations, and all other openings sealed or
caulked. The main entrance to the building has a vestibule where the exterior and interior doors are
separated by a distance of 20 feet. This distance is greater than the 7 foot minimum requirement.
Bentworth Middle School has no cargo or loading dock doors.

There are two ways to achieve compliance for the building envelope. The prescriptive path option was
chosen over the trade-off path for this analysis. The two primary parameters that must be followed for
this path are meeting the minimum building envelope requirements and having no more than the
allowable 40% fenestration area. Both of these requirements were met. A summary of the necessary
calculations needed to reach this conclusion are below in Table 2 and Table 3.

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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Table 2 — Minimum Building Envelope Requirements

\ \ Prescribed Nonresidential Designed Assemblies Compliance?
Area Construction Assembly Insulation Assembly Insulation
Method Maximum Minimum Maximum Minimum
Roof \ Attic U-0.027 R-38.0 U-0.025 R-40 Yes
Walls Above Mass U-0.090 R-11.4 0.076 R-13.2 Yes
| Grade |
Walls Below Below-Grade C-0.119 R-7.5 C-0.121 R-8.3 Yes
Grade Wall
Floors \ Mass U-0.074 R-10.4 U-0.45 R-2.2 No
Slab on Grade Unheated F-0.730 NR F-0.721 NR Yes
Floors
TSNl (Ml Metal Framing U-0.45 SHGC-0.40 U-0.42 SHGC-0.36 Yes
(storefront)
Metal Framing U-0.55 SHGC-0.40 U-0.51 SHGC-0.34 Yes
(all other)

Table 3 — Building Fenestration Percentage Calculation

Fenestration Area \ Wall Area Percent Fenestration Compliance?
5,800 ft2 35,080 ft? 16.5% Yes

Section 6 Heating, Ventilating, and Air Conditioning

There are two compliance paths that may be followed. For this analysis the Mandatory Provisions path
shall be used as Bentworth Middle School is more than two stories and over 25,000 ft2.

The primary mechanical equipment used in Bentworth Middle School is heat pumps, which are
governed by this section. Although COP’s and EER’s were given for the heat pumps, without having
the manufacturer information for these pieces of equipment it is hard to differentiate whether they
satisfy this section or not. Table 6.8.1B of ASHRAE 90.1 mandates that all ground source heat pumps
in cooling mode with an entering water temperature of 59 F have an EER of 16.2 and while in heating
mode with an entering water temperature of 32°F have COP of 3.1. Bentworth Middle School’s design
is based on entering water temperatures of 75 F and 42 F for cooling and heating respectively.
Nonetheless, at the design temperatures most of the given COP’s for each of the heat pumps meet the set
standard of 3.1, while very few of the heat pumps achieved an EER of 16.2.

Bentworth Middle School’s rooftop heat pumps would be considered packaged terminal heat pump units
which are also regulated by this section. Table 6.8.1D requires that these units have a minimum EER of
9.1. Unfortunately, the EER’s for these units are unavailable at this time.

It is specified that there be a 5°F dead band as well as the appropriate amount of insulation be applied to
all ductwork, plenums, and piping. The motorized dampers for all vents and air intakes have the
appropriate controls as outlined in this section.

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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Economizers are required on cooling equipment over 135,000 Btu/h in climate zone 5A. However, there
are no economizers on the rooftop heat pumps which are over the specified cooling rate, but there are
water economizers on the heat pumps serving the classroom spaces despite them being under the
specified cooling rate.

All rooftop heat pumps are equipped with an enthalpy wheel for energy recovery from exhausted air.
This is in compliance with this section of ASHRAE 90.1. It is also specified that all heat pumps have
the capability to switch off their compressor should the refrigerant pressure drop below a safe operating
point.

Table 4, below, shows how Bentworth Middle School meets ASHRAE 90.1°s Fan System Power
Limitation. Six out of the 13 analyzed fans do not comply with this section of ASHRAE’s 90.1.

Table 4 — Fan System Power Limitation Calculations

e P 0.00 ompliance

RTHP-A1 Supply 15 | 11,500 12.56 No
RTHP-A1 Exhaust 15 | 11,500 12.56 No
RTHP-B1 Supply 3 3,500 3.85 Yes
RTHP-B1 Exhaust 3 3,500 3.85 Yes
RTHP-B2 Supply 5 6,000 6.60 Yes
RTHP-B2 Exhaust 5 6,000 6.60 Yes
RTHP-B3 Supply 5 2,100 2.31 No
RTHP-B3 Exhaust 3 2,100 2.31 No
RTHP-B4 Supply 15 | 10,000 11.00 No
RTHP-B4 Exhaust 10 | 10,000 11.00 Yes
RTHP-B5 Supply 15 4,270 4.70 No

EF-A1l 1.5 3,800 4.18 Yes

EF-B3 3 4,500 4.95 Yes

All building drawings and manuals were provided to the building owner within the required 90 days and
it is specified that all HVAC systems were to be balanced.

Section 7 Service Water Heating

Four gas-fired storage water heaters provide domestic hot water to Bentworth Middle School. Each of
the water heaters has an efficiency of 90% or more which exceeds this section’s minimum requirement
of an efficiency of 80%. The water heaters are also equipped with a thermostat with adjustable
temperature range from 110°F to 180F. The service hot-water piping is specified to be insulated with a
minimum of one inch of insulation which is the same amount that is required by this section.

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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Section 8 Power

No information pertaining to the maximum voltage drop for the feeders or branch circuits is available at
this time. All design documents were submitted to the building owner within the specified amount of
time in this section.

Section 9 Lighting

This section outlines the requirement for both interior and exterior lighting. There are two separate
ways in which the interior lighting system can achieve compliance through lighting power density. In
this analysis, the building area method is used opposed to the space-by-space method. Table 5, on the
next page, shows that the Bentworth Middle School has a lighting power density of 1.11 W/ft? which is
in compliance as schools must have a lighting power density equal to or less than 1.2 W/ft>. Let it also
be known that most of the spaces are controlled with both a wall switch and occupancy sensor.

ASHRAE Standard 90.1-2007 Summary

Bentworth Middle School was largely compliant with ASHRAE Standard 90.1. The areas in which it
did not meet the requirements of the standard were in fan power limitation and the overall U-value for
the floors. Although it is obvious that the building designers were designing in an environmentally
conscientious fashion, they were not trying to acquire any building accolades such as a LEED
certification. Therefore, ASHRAE Standard 90.1 may have been overlooked during the design process,
but with a few changes to the building’s structural system and mechanical equipment, complete
compliance should be easily attainable. Nonetheless, Bentworth Middle School’s near compliance with
ASHRAE Standard 90.1 further exemplifies the school as not only a great learning and working
environment, but also as an energy efficient building.

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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Table 5 — Lighting Power Density Calculation

Floor ‘
HMlg=l 1st | 2nd | 3rd | Watts/Fixture Total
Watts
A/70 0 8 0 70 560
A/100 [4] 5 0 100 500
B/70 11 14 | 11 70 2520
B/100 Qe 13 0 100 1300
B/140 0 1 0 140 140
Gyl 27 | 68 | 13 70 7560
C/100 0 | 113 100 11300
D/70 0 5 0 70 350
E/70 0 45 0 70 3150
FA[Ol 118 | 124 | O 100 24200
G/35 2 4 2 35 280
G70 0 1 0 70 70
H/40 52 | 97 | 52 40 8040
H/70 4 4 4 70 840
1/70 31 12 7 70 3500
1/100 3 0 0 100 300
1/140 0 16 0 140 2240
J/375 0 8 0 375 3000
K/70 2 4 2 70 560
L/500 0 1 0 500 500
M/70 0 12 4 70 1120
VAR O | 46 4 105 5250
0/360 [0 29 0 360 10440
P/70 0 26 0 70 1820
P/100 [N0] 22 0 100 2200
Q/48 1 0 0 48 48
R/70 0 8 0 70 560
R/35 0 4 0 35 140
S/40 2 2 2 40 240
u/15 0 6 0 15 90
AA/50 0 1 0 50 50
Total Building Watts 92868
Building Square Footage 83800
Lighting Power Density 1.11

Kyle Courtney | Mechanical Option | Advisor: Dr. James D. Freihaut | October 4, 2010
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