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[bookmark: _Toc304553065]Executive Summary
The purpose of this report is to analyze the Bowie State University Fine and Performing Arts Center’s compliance with ASHRAE Standards 62.1-2007 and 90.1-2007. This building is 123,000 ft2 and will be the new home of the Department of Fine and Performing Arts. The building contains multiple theaters, recital halls, dance studios, workshops, art studios, offices, classrooms and music rooms.
ASHRAE 62.1 is a standard developed to specify minimum ventilation rates and indoor air quality properties to improve the health and comfort levels of the occupants within the building. For this report a heavy emphasis was place one sections 5 and 6. Section 5 has several requirements for acceptable system design and outdoor air intake rates. The Fine and Performing Arts Center was found to be compliant with all of the requirements in this section. Section 6 dictates the procedure for calculating minimum outdoor air intake rates based on zone type, number of occupants, and zone area. After analyzing the HVAC system all of the zones met, and in most cases surpassed, the minimum OA intake rate.
ASHRAE 92.1 is the standard that dictates the minimum requirements for energy efficient buildings.  This standard pertains to building envelope and insulation as well as mechanical and electrical systems in the building. The Bowie State University Fine and Performing Arts Center was found to be compliant with all of the sections analyzed in this report.
This analysis has found the building to be compliant with both ASHRAE Standards 62.1-2007 and ASHRAE 92.1-2007.

[bookmark: _Toc304553066]ASHRAE Standard 62.1 Analysis
[bookmark: _Toc304553067]Section 5 Analysis
Section 5.1 Natural Ventilation
Mechanical ventilation was used for the building, therefore no natural ventilation was used.
Section 5.2 Ventilation Air Distribution
The Fine and Performing Arts Center was designed with to be adjustable to achieve the minimum ventilation airflow required by Section 6. The commissioning agents and TAB contractor tested these to verify that it was installed properly.
Section 5.3 Exhaust Duct Location
Exhaust ducts carrying harmful or potentially harmful contaminants, such as those from the rest rooms, scenery shop, painting rooms or ceramics studio, are negatively pressurized to 2 in-wg in order to prevent air from leaking into occupied spaces, or other ducts or plenums.
Section 5.4 Ventilation System Controls
The mechanical ventilation systems are connected to a BACnet internetwork and can be manually changed within 10 seconds of being given the command. It also has numerous sensors throughout the building to measure the carbon dioxide PPM to determine if the area needs additional ventilation air.
Section 5.5 Airstream Surfaces
All surfaces for equipment and ducts in the airstreams were designed to be resistant to mold growth and erosion in according to UL 181 and ASTM C 1338.
Section 5.6 Outdoor Air Intakes
The outdoor air supplied to the AHUs comes from the makeup air units located on the roof. Careful attention was taken to make sure the exhaust fans were placed far enough away from the louvered penthouses containing the MAUs in accordance with Table 1 seen below (Table 5-1 in ASHRAE 62.1-2007).
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Table 1
The louvers are designed to prevent snow and rain from entering the building and have weather stripping to prevent water penetration around the edges. Also, the louvers have ½ inch square mesh covering the openings to prevent birds from entering.
Section 5.7 Local Capture of Contaminants
All exhaust fans are vented outdoors through exhaust duct. Backdraft dampers are installed at the inlet of the exhaust fans to prevent the exhaust from coming back into the building.
Section 5.8 Combustion Air
Combustion air dampers are driven open anytime a boiler or dual fuel fired domestic water heater is open and exhaust fans remove the combustion products.
Section 5.9 Particulate Matter Removal
The Fine and Performing Arts Center uses filters upstream of cooling coils of MERV 7 when rated in accordance with ASHRAE 52.2.
Section 5.10 Dehumidification Systems
The building set point for relative humidity is 50%. If the sensors indicate that the relative humidity is greater than 50% the cooling coil valve is driven fully open and space temperature is controlled by bypass dampers. 
Section 5.11 Drain Pans
The drain pans were designed from single-wall galvanized steel sheets and made 2 inches deep in compliance with ASHRAE 62.1.
Section 5.12 Finned-Tube Coils and Heat Exchangers
Drain pans are located under all appropriate equipment in accordance with section 5.11, but there is no mention in the specs as to finned-tube coil cleaning.
Section 5.13 Humidifiers and Water-Spray Systems
The humidifiers use potable water to humidify the supply air, and the ductwork has been installed in accordance with the manufacturer’s recommendations.
Section 5.14 Access for Inspection, Cleaning and Maintenance
Access is provided to all exchanger surfaces, blowers, motors, and filters in the MAUs through hinged double wall gasketed access doors. All AHU access doors are at least 24 by 60 inches. Also, access doors are located on the ducts throughout the building to allow them to be cleaned, inspected and maintained.
Section 5.15 Building Envelope and Interior Surfaces
The envelope of the building has been weather proofed to prevent liquid from penetrating the building envelope, and all joints have been caulked and weather stripped.  Also, all of the pipes, ducts and other surfaces that are expected to be colder than the surrounding dew point temperature have been properly insulated to prevent condensation.
Section 5.16 Buildings with Attached Parking Garages
This building does not have an attached parking garage.
Section 5.17 Air Classification and Recirculation
The Fine and Performing Arts Center has Class 1 return air coming from classrooms, offices, theatres and the atrium, which can be recirculated. Class 2 air is returned from the rest rooms and is exhausted straight to the roof. The return air from the painting rooms, dying areas and scene shop are class 4 and cannot be recirculated, therefore it is exhausted out the roof.
Section 5.18 Requirements for Buildings Containing ETS Areas and ETS-Free Areas
This building does not have ETS areas.
[bookmark: _Toc304553068]Section 6 Analysis
This section of the standard is a prescriptive procedure that determines the required outdoor air intake rates based on application of the zone, occupancy level, and area of the zone.
All of the AHUs for this building meet the minimum outdoor air intake requirements. A sample analysis has been included in Appendix B. The spreadsheet used for those calculations was created using the following equations.
Breathing Zone Outdoor Airflow(Vbz)
Vbz = Rp × Pz + Ra × Az
Where
		Az = zone floor area [ft2]
		Pz = zone population [people]
		Rp = OA flow rate [cfm/person]
		Ra = OA flow rate [cfm/ft2]
Zone Outdoor Airflow (Voz)
		Voz = Vbz/Ez
	Where
		Ez = zone air distribution effectiveness (Ez = 1 from table 6-2)
Single Zone Systems (Vot)
		Vot = Voz
Primary Outdoor Air Fraction (Zp)
		Zp = Voz/Vpz
	Where
		Vpz = zone primary airflow
Uncorrected Outdoor Air Intake (Vou)
		Vou = D∑all zones(Rp × Pz) + ∑all zones(Ra × Az)
Where 
	D = occupant diversity, which is defined as;
	D = Ps/∑all zones Pz
Where
	Ps = system population
Outdoor Air Intake(Vot)
		Vot = Vou/Ev

[bookmark: _Toc304553069]Standard 62.1 Summary
The HVAC equipment and ductwork was all carefully designed to meet the requirements of Section 5. Also, all of the AHUs, VAVs, and FPVs were sized appropriate to allow for more than the minimum ventilation rates throughout each of the zones in the building.
[bookmark: _Toc304553070]ASHRAE Standard 90.1 Analysis
[bookmark: _Toc304553071]Section 5 – Building Envelope
Section 5.1.4 Climate
The Bowie State University Campus is located in Bowie, MD. According to Figure 1, seen below, this building is in zone 4A. Zone 4A is defined as mixed humid air, with less than 4500 cooling degree days and more than 3600 heating degree days but less than 5400.
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Figure 1: ASHRAE Climate Zones
Section 5.2 Compliance Paths
This building is in compliance with the Prescriptive Building Envelope Option because the vertical fenestration area is approximately 30% that of the gross wall area and the skylights are less than 5% of the roof area.
Section 5.4 Mandatory Provisions
All doors intended to be entrances to the building are separated from conditioned spaces by the use of vestibules larger than 7 feet wide. Also, all loading dock doors have been properly sealed with weather stripping.
Section 5.5 Prescriptive Building Envelope Option
Glazing U-factor and insulation R-values were not available, but have been requested and this section will be updated shortly.
[bookmark: _Toc304553072]Section 6 – Heating, Ventilations, Air Conditioning
Section 6.2 Compliance Path
There are two options to determine the efficiency of the HVAC systems in a building, the prescriptive path and the simplified approach. The BSU Fine and Performing Arts Center is greater than 25,000 SF and more than two stories, therefore the prescriptive path was chosen.
Section 6.4 Mandatory Provisions
This section provides minimum energy efficiencies that HVAC equipment must meet. Table 2 below shows the required and the actual equipment efficiencies for the types of HVAC equipment in the building. As you can see the equipment meets the 90.1 Standards.
	Equipment
	Size
	90.1 Minimum Efficiency
	Equipment Efficiency
	Compliance

	Air-cooled Chiller
	305 tons
	2.80 COP
	3.14 COP
	YES

	Gas-Fired Boiler (2)
	1,712 MBH
	80%
	81.5%
	YES


Table 2
Section 6.5 Prescriptive Path
The fans for the building must not exceed the limits in Table 6.5.3.1.1A of Standard 90.1. The calculations for these fans have been included below in Table 3. The majority of the fans do not exceed the power limits, however 4 do exceed, however two of them are less than 1 HP and one is for a fume hood, therefore are exempt from power limitation calculation.
	Fan
	HP
	CFM
	CFM×.0011
	Compliance

	EF-1
	0.17
	235
	0.2585
	Yes

	EF-2
	0.25
	800
	0.88
	Yes

	EF-3
	0.33
	1650
	1.815
	Yes

	EF-4
	0.25
	480
	0.528
	Yes

	EF-5
	0.17
	370
	0.407
	Yes

	EF-6
	0.50
	2250
	2.475
	Yes

	EF-7
	1.50
	2760
	3.036
	Yes

	EF-8
	0.75
	2880
	3.168
	Yes

	EF-9
	0.17
	150
	0.165
	No

	EF-11
	0.17
	220
	0.242
	Yes

	EF-12
	0.17
	280
	0.308
	Yes

	EF-13
	0.17
	400
	0.44
	Yes

	EF-14
	0.25
	800
	0.88
	Yes

	EF-15
	0.50
	500
	0.55
	Yes

	EF-16
	0.17
	400
	0.44
	Yes

	EF-17
	0.50
	500
	0.55
	Yes

	EF-18
	0.33
	1400
	1.54
	Yes

	EF-19
	2.00
	1500
	1.65
	No

	EF-20
	0.25
	900
	0.99
	Yes

	EF-21
	0.17
	150
	0.165
	No

	EF-22
	0.33
	4500
	4.95
	Yes

	EF-23
	0.25
	2000
	2.2
	Yes

	EF-24
	0.50
	3000
	3.3
	Yes

	EF-25
	0.25
	1500
	1.65
	Yes

	EF-26
	0.17
	400
	0.44
	Yes

	EF-27
	0.17
	400
	0.44
	Yes

	EF-28
	0.17
	400
	0.44
	Yes

	EF-29
	0.75
	8000
	8.8
	Yes

	EF-30
	0.17
	400
	0.44
	Yes

	EF-31
	0.20
	312
	0.3432
	Yes

	RF-4
	7.50
	5000
	5.5
	No

	RF-5
	1.50
	3500
	3.85
	Yes

	RF-6
	0.50
	1800
	1.98
	Yes


Table 3: Fan Power Limitations
The building has 3 MAUs, all of which have enthalpy wheels to recover energy from the exhaust air before it is released. AHU-4 also has an enthalpy wheel for energy recovery purposes. All of these units are required to be at least 50% effective in energy recovery, all four enthalpy wheels exceed this requirement.
Section 6.7 Submittals
The HVAC Systems have all been balanced, tested and commissioned after being installed, and O&M manuals have been provided to the owner for continued energy efficient performance through the operation of the building. 
[bookmark: _Toc304553073]Section 7 – Service Water Heating
This section requires that all hot water gas and oil supply boilers have a minimum of 80% efficiency. The Fine and Performing Arts Center has one boiler with an efficiency of 81.5%, which meets the standard.
[bookmark: _Toc304553074]Section 8 – Power
The BSU Fine and Performing Arts Center’s electrical power distribution is sized so that the feeder conductors have a voltage drop of less than 2% and the branch circuit conductors have a voltage drop of less than 3% at design load. Both of those voltage drops are lower than the maximum allowed drops by this section.
[bookmark: _Toc304553075]Standard 90.1 Summary
Energy efficiency was important throughout the design, construction and life of the building. Therefore great effort was put into creating an energy efficient building. The building conforms to the various requirements of ASHRAE Standard 90.1-2007.
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Building: [BSU Fine and Performing Arts Center
System Tag/Name: [AHU-S
Operating Condition Description: [2nd Fioor East
Units (select from pull-down list) P
Inputs for System Name Units System
Fioor area served by system As sf 9543
Population of area served by system (including diversity) Ps P [Fo0%]diversity 201
Design primary supply fan airflow rate Vpsd  cfm 6,425
OAreq'd per unit area for system (Weighted average) Ras  cfmisf 011
OAreq'd per person for systemarea (Weighted average) Rps  cfmp 84
Inputs for Potentially Critical zones Potentially Critical Zones
Costume | Costume, Nen's Women's | Green Room | Corridor and | Corridor and
e Shop | Lightingand | Dressing Dressing BlackBox | Storage
Property Room Room Crossover
Zone title turns purple italic for critical zone(s) Storage
Zone Tag FPV-214 | FPV-2.15 FPV-2-17 | FPV-2-18 V27 V-2-9
Spissipe Art classroom|  Storage Multi-use |Music/theater/| Corridors | Corridors
Select from pull-down list rooms assembly | assembly dance
Floor Area of zone Az st 7,089 987 633 675 306 1714 1489
Design population of zone Pz P (defauit value listed; may be overridden) 21.76) 0 633 674 1071 0 0
Design total supply to zone (primary plus local recirculated) ~ Vddzd  cfm 950 400 1040) 945, 150) 380 290)
Induction Terminal Unit, Dual Fan Dual Duct or Transfer Fan? Select from pull-down list or leave blank if N/A
Local reci b representative ystem retum a Er
Inputs for Operating Condition Analyzed
Percent of total design airflow rate at conditioned analyzed ~ Ds % [oo%) 100%) 100%] 700%) 00% 100%) 100%) A00%)
Air distribution type at conditioned analyzed Select from pull-down list [ S| [ s} Cs] [ [
Zone air distribution effectiveness at conditioned analyzed Ez 1.00) 1.00) 1.00) 1.00) .00 .00 .00
Primary air fraction of st y air at conditior analyzed Er
Results
Ventilation System Efficiency Ev 059
Outdoor air intake required for system Vot ofm 4631
Outdoor air per unit floor area Vot/As  cfmisf 049
Outdoor air per person served by system (including diversity) ~ VotPs  cfm/p 2.1
Outdoor air as a % of design primary supply air Ypd  ofm 2%
Detailed Calculations
Initial Calculations for the System as a whole
Primary supply air flow to system at conditioned analyzed Vps  cfm VpdDs = 645
UncorrectedOA requirement for system Vou  cfm Rps Ps + Ras As = e
Uncorrected OA req'd as a fraction of primary SA Xs = Vou/Vps = 042
|mitial calculations fo ual zones
OArate per unit area for zone Raz  cfmist 0.18 012 0.06 0.06 0.06 0.06 006
OArate per person Rpz  cfmp 1000 0.00 750 7.50 10.00 0.00 000
Total supply air to zone (at condition being analyzed) Vdz  ofm 950 400 1040 945 150 380 290
Unused OA req'd to breathing zone Vbz ofm = RpzPz+RazAz = 4134 178 5127 549.2 1255 1028 893
Unused OA requirement for zone Voz  cfm Vbz/Ez - 413 118 513 549 125 103 89
Fraction of zone supply not directly recirc. from zone Fa Ep+ (1-Ep)Er = 1.00 1.00 1.00 1.00 1.00 1.00 100
Fraction of zone supply from fully mixed primary air Fb Ep - 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Fraction of zone OA not directly recirc. from zone Fo 1-(1-E2)(1-Ep)(1-En) = 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Unused OA fraction required in supply air to zone zd Voz [ Vdz = 0.44 029 0.49 058 084 027 031
Unused OA fraction required in primary air to zone 7 Voz / Vpz = 0.44 0.29 0.49 058 084 027 031
s Ventilation Efficienc
Zone Ventilation Efficiency (App A Method) Evz (Fa+FbXs-Fcz)/Fa = 099 113 093 084 059 115 11
System Ventilation Efficiency (App A Method) Ev min (Evz) = o059
Ventilation System Efficiency (Table 6.3 Method) Ev = Value fromTable 6.3 = wa
| Minimum outdoor air intake airflow
Outtdoor Air Intake Flow required to System Vot ofn = VoulEv = 4831
OAintake req'd as a fraction of primary SA Y = Vot/Vps = 072
Outdoor Air Intake Flow required to System (Table 6.3 Method) Vot cfm Vou/Ev - wa
OAintake reqfd as a fraction of primary SA (Table 6.3 Method) Y Vot /Vps = a
OAT below which OA Intake flow is @ minimum DegF = {(Tp-dTsh-(1-Y)"(Tr+dTrl = 48
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Building:

[BSU Fine and Performing Arts Center

System Tag/Name: [AHU-9

Operating Condition Description: 2nd Floor East

Units (select from pull-down list) IP

Inputs for System Name Units System
Floor area served by system As sf 9543
Population of area served by system (including diversity) Ps P [00%]diversity 201
Design primary supply fan airflow rate Vpsd  cfm 6,425
OA req'd per unit area for system (Weighted average) Ras  cfmisf 011
OA req'd per person for systemarea (Weighted average) Rps cfm/p 8.4]

Inputs for Potentially Critical zones

Piano and Scene Shop | Scene Shop
Zone Name Assembly Storage
Storage
Zone title turns purple italic for critical zone(s)
Zone Tag V-2-10 V-2-11 V-2-12
Spass b Storage Storage | Wood/metal
Select from pull-down list rooms rooms shop

Floor Area of zone Az sf 192] 600 1861
Design population of zone Pz P (default value listed; may be overridden) 0 0 37.22
Design total supply to zone (primary plus local recirculated) Vdzd  cfm 100 350 1820,
Induction Terminal Unit, Dual Fan Dual Duct or Transfer Fan? Select from pull-down list or leave blank if N/A
L C Y ive of stem return air Ei

Inputs for Opet g Con n Analyzed
Percent of total design airflow rate at conditioned analyzed Ds % [ 100%| 100%) 100%) 100%;
Air distribution type at conditioned analyzed Select from pull-down list Cs| Cs| Cs
Zone air distribution effectiveness at conditioned analyzed Ez 1.00] 1.00) 1.00
Primary air fraction of supply air at conditioned analyzec Ep

Results
Ventilation System Efficiency Ev 0.59
Outdoor air intake required for system Vot cfm 4631
Qutdoor air per unit floor area Vot/As  cfmysf 0.49
Outdoor air per person served by system (including diversity) ~ Vot/Ps cfm/p 231
Outdoor air as a % of design primary supply air Ypd cfm 2%

Detailed Calculations

Initial Calculations for the System as a whole
Primary supply air flow to system at conditioned analyzed Vps cfm = VpdDs 6425
UncorrectedOA requirement for system Vou cfm = RpsPs +Ras As 2713
Uncorrected OA req'd as a fraction of primary SA Xs = Vou/Vps = 0.42
OA rate per unit area for zone Raz cfrmvsf 0.12 0.12 0.18
OA rate per person Rpz cfm/p 0.00 0.00 10.00
Total supply air to zone (at condition being analyzed) Vdz cfm 100 350 1820
Unused OA req'd to breathing zone Vbz cfm = RpzPz+Raz Az = 230 720 707.2
Unused OA requirement for zone Voz cfm = Vbz/Ez 23 72 707
Fraction of zone supply not directly recirc. from zone Fa = Ep+(1-Ep)Er 1.00 1.00 1.00
Fraction of zone supply from fully mixed primary air Fb = Ep 1.00 1.00 1.00
Fraction of zone OA not directly recirc. from zone Fe = 1-(1-Ez)(1-Ep)(1-Er) 1.00 1.00 1.00
Unused OA fraction required in supply air to zone zd = Voz/Vdz = 0.23 021 0.39
Unused OA fraction required in primary air o zone Zp = Voz/Vpz = 0.23 021 0.39
Zone Vertilation Efficiency (App A Method) Evz = (Fa+FbXs-FcZ)/Fa 1.19 122 1.03
System Ventilation Efficiency (App A Method) Ev = min (Evz) 0.59
Ventilation System Efficiency (Table 6.3 Method) Ev = Value fromTable 6.3 na

Minimum outdoor air intake airflow
Outdoor Air Intake Flow required to System Vot cfm = Vou/Ev = 4631
OA intake req'd as a fraction of primary SA o = Vot/Vps = 072
Outdoor Air Intake Flow required to System (Table 6.3 Method) Vot cfm = Vou/Ev n/a
OA intake req'd as a fraction of primary SA (Table 6.3 Method) Y Vot /Vps na

[OA Temp at which Min OA provides all cooling
OAT below which OA Intake flow is @ minimum DegF = {(Tp-dTsf)-(1-Y)(Tr+dTri = 48
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