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Executive Summary  

The following report evaluates compliance of the luxury mixed-use hotel with standards for indoor air 

quality and thermal comfort. ASHRAE Standards 62.1 and 55 from 2013 were used to check compliance. 

This project was designed to ASHRAE Standard 62.1 2010, but for the purposes of this project, it was 

checked against 2013. Standard 55 was not used during the design of the project, but the report details 

how it would comply with the thermal comfort guidelines.  

Section 5 and 6 of ASHRAE 62.1 were reviewed specifically for compliance. Section 5 contains guidelines 

for ventilation systems and equipment, considering aspects like adjustable airflows, controls, access for 

maintenance, capture of contaminants, and separation distances for air intakes. Overall, the design 

complies with Section 5 except for the separation distances between the air intakes and kitchen exhaust 

fans found on one of the roofs. The main goals of Section 5 are to maintain good air quality by keeping 

the air and the distribution system clean.  

Section 6 of Standard 62.1 is for the ventilation rate procedure. It outlines through different charts and 

equations how to calculate the minimum airflow for a space. The airflow is dependent on the people, 

area and occupancy category of a space. For the hotel, some of the main occupancy spaces are bedrooms, 

lobbies, and restaurants. There are different equations for different types of ventilat ion systems, so this 

project had many calculations for all the zones. 100% outdoor air systems have a different equation than 

the one used for multiple-zone recirculating systems. In Standard 6, minimum exhaust rates are also 

specified based on the occupancy category. The main areas that need exhaust in this project are 

bathrooms, laundry, and kitchens. For private guestroom toilets, exhaust fans were selected that exhaust 

50 CFM when turned on. The exhaust fans are connected through vertical shafts to exhaust fans on the 

roof of the tower levels. This project has carefully documented exhaust and ventilation rates in the 

design drawings.  

ASHRAE Standard 55 focuses on thermal comfort of the occupants. The goal of the standard is to ensure 

that at least 80% of the people in the space are satisfied with the environment, based on factors such as 

temperature, thermal radiation, humidity, air speed, clothing and activity. This hotel was not designed to 

this standard because thermal comfort is subjective and difficult to measure. Too many factors that are 

not under the control of the designer are involved. This report goes through Section 5 of the standard, 

Conditions that Provide Thermal Comfort, and addresses whether the current design meets those 

conditions. There will be a great variety of activities and clothing levels in the mixed-use hotel, but it is 

possible to make most of the people thermally comfortable. This is especially true since the guestrooms 

have thermostats to adjust their own temperature. A thermal comfort chart was created to show that the 

design conditions met ASHRAE Standard 55 for a range of clothing insulation values from 0.5 to 1.0 clo.  
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Building Summary  

This project is a 516-room mixed-used hotel located in the Southeast U.S. There will be amenities such 

as ballrooms, meeting rooms, a spa, fitness center, and restaurants. The bottom three levels host most of 

the amenities and the tower levels have the guestrooms. It has a very modern design with a large 

portion of glass as the building enclosure. With 350,000 square feet of lodging area; 180,000 square feet 

of public area; and 43,000 square feet of back of house area, it is about 575,000 total square feet.  

Mechanical Overview  

Since the hotel is such a large building with many different occupancy types, it has a large mechanical 

system with many different components. Overall, it is a chilled water system with two chillers and two 

cooling towers. There are no boilers because the heating season is so short; all heat needed is produced 

by electric resistive heat. There is a central energy plant located in the parking garage with the main 

refrigeration equipment. Each chiller has a dedicated condenser pump to send water to the cooling 

towers, and there is a bypass for water that is at a temperature too low to go through the cooling tower. 

Another energy recovery method on the condenser water side is a heat exchanger that removes heat 

from the condenser water to pre-heat the domestic water. The chilled water loop supplies the terminals 

units with chilled water to cool the air. There is a pressure de-couple heat exchanger to separate the 

pressures between the podium levels and the guestroom tower levels.  

Guestrooms have fan coil units to control the space temperature. They are two-pipe fan coils because 

there is just chilled water. To ventilate the guestroom and corridor spaces, there are dedicated outdoor 

air units (DOAS) with hot gas reheat. There are six DOAS units on the roof. Serving the public spaces are 

air handling units. Some are constant volume and some are variable. The air handling units serving the 

ballroom have a desiccant wheel to help handle the high latent load. There are 30 air handling units 

without the desiccant wheel and 11 with one.   

Exhaust is needed for bathrooms, elevator lobbies, laundry, and housekeeping. The guestroom exhaust 

ducts have vertical distribution through vertical shafts in the hallway. These shafts also house the supply 

ducts for the outside air. Vertical distribution helps reduce overall ductwork and save space in the 

ceiling cavity. There are fire and smoke dampers where necessary to maintain the appropriate fire 

rating.  

There is a building automation system (BAS) to help monitor space conditions and identify if any 

adjustments need to be made to the mechanical equipment. Different sequences of operation control 

which pieces of equipment are on at what time. There are a few energy saving sequences utilized in the 

building such as the cold bypass on the condenser water loop, condenser water reset temperature, and 

chiller evaporator overflow. Different sensors throughout the mechanical system report back to the BAS 

to begin these sequences. Having the building automation system helps save energy and keep the hotel 

maintained well.  
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ASHRAE Standard 62.1- Section 5: Systems and Equipment 

5.1 Ventilation Air Distribution  

Section 5.1 requires that ventilation systems can be controlled to the minimum ventilation rate 

prescribed by ASHRAE 62.1. It also requires that the design documents provide proof of the assumptions 

made for calculating ventilation rates and air distribution.  

This luxury mixed use hotel complies with Section 5.1. All ventilation systems have methods to control 

the airflow so that there is always the minimum airflow per ASHRAE 62.1. For the dedicated outside air 

systems (DOAS) that serve the guestrooms and corridors, there are motorized dampers to control the 

amount of air entering the unit. The units also include a fan with a variable frequency drive to control 

the airflow as seen in Figure 1. Differential pressure sensors on both sides of the fan control the speed. 

While the zones are occupied, the airflow will meet the ASHRAE standards at a minimum for the DOAS 

units. Air handling units that serve public spaces have motorized controlled dampers at the unit’s return 

plenum. Those dampers can close until the minimum airflow requirements are met  based on the 

pressure and temperature sensor readings.  Lobbies, restaurants, and other miscellaneous areas have 

variable volume air handlers that are equipped with variable frequency drive control. The variable 

frequency drive is controlled by temperature and differential pressure sensors to modulate the amount 

of air being sent through the unit. There are also motorized dampers.  For guestrooms, the fan coil units 

control ventilation air with occupancy sensors.  

Ventilation systems have ducted connection of the ventilation air, so the system is in compliance with 

the plenum systems section. The ventilation rates are calculated and documented in the design 

documents and meet the ASHRAE 62.1 requirements and the hotel standards (which are more strict 

than ASHRAE 62.1).  

 

Figure 1: Control schematic of a DOAS Rooftop Unit showing the differential pressure sensors controlling 

the variable frequency drive on the fan.  
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5.2 Exhaust Duct Location  

Exhaust ducts are negatively pressurized to ensure that contaminants do not leak out into occupied 

spaces. All exhaust ductwork is connected to exhaust fans at the roof to maintain the negative pressure. 

The ductwork is also constructed in accordance with SMACNA standards to prevent leakage. Any joint 

will be sealed tightly and a representative portion of ductwork will be pressure tested.  

5.3 Ventilation System Controls  

As discussed in Section 5.1, the mechanical ventilation systems have controls to maintain no less than 

the outdoor air intake flow mandated by Section 6. All ventilation systems have automatic controls that 

are regulated by differential pressure and temperature sensors. VAV systems have modulating air 

dampers that will keep no less than the prescribed outdoor air levels.  

 

Figure 2: A control schematic of a variable air volume air handling unit highlighting the motorized 

dampers to control airflow.  

5.4 Airstream Surfaces  

All airstream surfaces in HVAC equipment or ductwork must resist mold growth and erosion. Galvanized 

sheet metal will be used for supply, return, ventilation air, toilet and other exhaust systems, which 

complies with this section. Flexible ductwork will be insulated UL -181 Class 1 air ducts.  
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5.5 Outdoor Air Intakes  

All air intakes will be provided with screens to protect from birds and debris. To protect from rain, 

rooftop units are specified to include a factory rain hood or AMCA louver at the inlet and relief air 

sections. Since the project is located in the Southeast U.S., the climate does not dictate snow 

entrainment.  

Every air intake has to meet the minimum separation distance requirements set by Table 5.5.1 located 

in the Appendix (Table A-1). The main concerns are the separations from the different class exhaust and 

relief air since there are many intakes and outlets on the roof near each other . Commercial kitchen 

grease hoods deliver air that is Class 4. Any intake must be at least 30 feet from the outlet. Exhaust from 

bathrooms is considered Class 2 air, so it must be 10 feet away from any inlet. After checking some 

exhaust fan locations, it was apparent that at this point in design, not all separation distances are 

compliant. The 10 feet separation between the bathroom exhaust fans and the inlets of the DOAS units 

for the guestrooms are compliant; however, not all of the kitchen exhaust fans are thirty feet away from 

the inlets of air handlers. Figure 3 below shows the measurements between the exhaust fans to the inlets 

of the air handling units. Exhaust Fan 3.22 is a kitchen exhaust fan that falls about 10 feet short of the 

minimum separation distance. Kitchen exhaust fan 3.21 also falls about four feet short of the required 30 

feet of separation. Fortunately, this has yet to be constructed, so changes can be made to make this 

layout compliant.  

 

Figure 3: Measurements from the kitchen exhaust fans to the inlets of the air handling units are less than 

the required 30 feet apart.  

5.6 Local Capture of Contaminants  

In this luxury hotel, the only non-combustion equipment that needs ventilation are the commercial 

dryers in the laundry room. There are two exhaust fans on the second level roof that are dedicated to the 
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dryers. 1000 CFM of laundry exhaust is directly vented outside to exhaust fan 3.14 and another 250 CFM 

is directly vented to exhaust fan 3.18.   

5.7 Combustion Air  

Fuel-burning applications need to have enough air for combustion and a method for adequate removal 

of the combustion products. Kitchen appliances in the hotel are considered to make combustion air. 

These appliances that are fuel burning have kitchen hoods to trap grease and other contaminants. Ducts 

bring this contaminated air directly to the roof through kitchen exhaust fans. In the kitchen hood system, 

there are supply fans for makeup air to help continue combustion and maintain the necessary pressures 

after the exhaust air is removed.  

5.8 Particulate Matter Removal  

All air delivery systems have a 2” pleated 30% efficient pre-filter and a 4” 65% efficient final cartridge 

filter. This corresponds to a MERV value of 8 for the pre-filter and a MERV value of 11 for the final filter. 

Section 5.8 requires a filter upstream of all cooling coils or other wetted surfaces through which air is 

supplied to an occupied space to have a filter with a MERV value of at least 8, so this building is 

compliant.  

5.9 Dehumidification Systems  

60% is the maximum relative humidity that the space can reach before the controls will turn on 

dehumidification load until the relative humidity drops below 56%. These levels comply with ASHRAE’s 

restriction of 65% relative humidity. In the DOAS units, there are DX units with hot gas bypass to reheat 

the air after it is cooled to dehumidify. This reheat ensures that the supplied air will not be overcooled to 

get the proper humidity. Areas of concern for humidity problems are the ballrooms. Ballrooms typically 

have a higher latent load than other spaces, so to combat this issue, the air handling units serving the 

ballrooms contain desiccant wheels to help dehumidify the entering air.  

From calculations, it was determined that the minimum outdoor air intake for the tower level s of the 

hotel (30,395 CFM) was slightly under the maximum tower exhaust airflow (30,500 CFM). However, 

with the CFM from the stair pressurization fans leaking into the tower levels and the air intake from the 

podium levels, the overall airflow complies with ASHRAE 62.1. There is not much exhaust at all 

compared to the air intake on the podium levels, so the building as a whole will follow that requirement.  

5.10 Drain Pans  

Drain pans intended to collect condensate will be assembled with a slope of at least 0.125 in/ft toward 

the drain outlet. At the lowest point will be the drain outlet that has a diameter large enough to prevent 

overflow. These drain pans will have a P-trap to prevent ambient air from entering the drain in cases of 

negative static pressure. The pan will be under the equipment that produces condensate and will extend 

a minimum of 6 inches from each side of the equipment.  
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5.11 Finned-Tube Coils and Heat Exchangers 

Drain pans will be provided underneath all dehumidifying cooling coil assembl ies and heat exchangers 

that produce condensate. The finned-tube coils have been selected appropriately to ensure no more 

than 0.75 in. wg combined dry-coil pressure drop at 500 fpm face velocity.  

5.12 Humidifiers and Water-Spray Systems  

This section is not applicable because there are no humidifiers or water-spray systems in this luxury 

mixed-use hotel project.  

5.13 Access for Inspection, Cleaning and Maintenance 

Ventilation equipment was placed so that there is sufficient work space for inspection and maintenance. 

While modelling the equipment, the required space in front of the access panel was shown in Revit so 

that walls or other obstructions would not get in the way. The air handling equipment has panels and 

doors to allow maintenance for the components inside. All other parts of the air distribution system will 

have access doors, panels or other means to allow for easy access for maintenance, inspections, and 

cleaning.  

 

Figure 4: A typical DOAS unit highlighting the slide out service access.  
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5.14 Building Envelope and Interior Surfaces  

The building exterior has a weather barrier to prevent water penetration into the building. Piping and 

ductwork will be installed with insulation to prevent condensation forming on the surfaces in case the 

temperatures fall below dew-point temperatures.  

5.15 Buildings with Attached Parking Garages 

A minimum ventilation rate of 0.05 CFM/ sq. ft. of exhaust will be required to maintain a negative 

pressure in the attached parking garage. This will prevent the garage air with p ollutants from cars from 

entering the occupiable spaces. In the garage there will be carbon monoxide (CO) sensors that will 

increase the ventilation rate if the CO concentration is over the exposure limits.  

5.16 Air Classification and Recirculation 

All air in this project was classified based on Tables 5.16.1, 6.2.2.1, and 6.5 in ASHRAE 62.1. In the 

kitchens, there are commercial kitchen grease hoods, which are categorized in Air Class 4. This caused 

the minimum distance from the exhaust fans to the inlet of an air handling unit to be 30 feet. The 

restaurants will be considered Class 2 air, which can only be recirculated to other Class 2 or Class 3 

regions that are used for similar purposes. Most of the other spaces like guestrooms and lobbies are 

Class 1 air, which has low contaminant concentration, low sensory-irritation intensity, and inoffensive 

odor. Class 1 air can be recirculated to any space.  

 

Figure 5: Table 5.16.1 from ASHRAE Standard 62.1 showing the air class for different airstreams.  

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

Environmental Tobacco Smoke Areas are not relevant to this project because the hotel is a non -smoking 

hotel.  
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ASHRAE Standard 62.1-Section 6: Procedures  

6.1 General  

All outdoor air intake rates were calculated based on the prescriptive design procedure in Section 6.2. 

Rates are determined by space type, occupancy, and floor area. Other system design parameters in the 

building are based on contaminant concentration limits.  

6.2 Ventilation Rate Procedure 

The project is located in an area with acceptable outdoor air, so extra filters and cleaning devices are not 

necessary. There are not any concerns about high ozone levels either. In order to calculate the zone 

parameters, the breathing zone outdoor airflow was used. The calculation is as follows:  

Vbz=Rp*Pz+Ra*Az 

Az: zone floor area, the net occupiable floor area of the ventilation zone, ft2 

Pz: zone population, the number of people in the ventilation zone during typical usage 

Rp: outdoor airflow rate required per person as determined from Table 6.2.2.1 

Ra: outdoor airflow rate required per unit area as determined from Table 6.2.2.1 

The Rp and Ra values can be found in Table 6.2.2.1, which is in the Appendix of this report (Table A-2), 

for each different space type. Pz represents the peak number of people in the zone at a given time. To 

ensure compliance, spreadsheets were created to input every zone in the building and calculate the 

breathing airflow depending on the area and number of people. Then, following Table 6.2.2.2, the zone 

air distribution effectiveness (Ez) can be found.  

 

Figure 6: Table 6.2.2.2 from ASHRAE 62.1 containing zone air distribution effectiveness.  
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Ez is used to calculate the zone outdoor airflow (Voz). 

Voz=Vbz/Ez 

The zone outdoor airflow is the minimum rate that must be provided to that calculated zone. The design 

outdoor air intake flow (Vot) is equivalent to Voz for single-zone systems. For 100% outdoor air systems, 

like the DOAS units in this project, the design outdoor intake flow is equal to the sum of all of the zone 

outdoor airflow of all the zones. For air that recirculates, the primary outdoor air fraction (Z pz) needs to 

be used.  

Zpz=Voz/Vpz 

Vpz is the zone primary airflow from the air handler that is composed of both outdoor and recirculated 

air. The maximum airflow fraction determines the system ventilation efficiency (Ev), which is listed in 

Table 6.2.5.2.  

 

Figure 7: Table 6.2.5.2 showing system ventilation efficiency.  

The following three equations are then used to calculate the airflow quantities for recirculating systems:  

Vou=DΣall zones(Rp*Pz) + Σall zones(Ra*Az) 

D=Ps/Σall zonesPz 

Vot=Vou/Ev 

D: Occupant diversity ratio  

Ps: System population, how many people in the zone being served 

Vou: Uncorrected outdoor intake  

Every zone was broken down for this project and was given calculations based on the type of ventilation 

system it had. Using the above equations, different minimum airflow rates were found. Figure 8 below 

shows an example of part of a calculation chart for a zone. This project complies with the ventilation 

requirements.  
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Figure 8: Outdoor air calculation for OA AHU 1.7 containing the required ASHRAE equations. 

6.3 Indoor Air Quality (IAQ) Procedure  

In certain areas of the building, there are contaminants of concern, so there are sensors that monitor the 

concentration to ensure the levels don’t exceed the set level. For example, in the garage there are carbon 

monoxide sensors that will adjust the ventilation airflow if the concentration is too high.  

6.4 Natural Ventilation Procedure  

This section of ASHRAE 62.1 is not applicable to this project because there is not a natural ventilation 

system.  

6.5 Exhaust Ventilation  

The requirements in Table 6.5 determined the design exhaust levels for the different spaces in this 

project. The primary areas of concern for exhaust are the toilets, laundry, kitchens and parking garages. 

All guestroom toilets have a unit that can be turned on by the occupant that exhausts 50 CFM. Table 6.5 

is shown below with the areas of concerned outlined in red.  



12 | G r e e n   
 

 

Figure 9: Table 6.5 from ASHRAE 62.1 listing minimum exhaust rates.  

6.6 Design Documentation Procedures  

Design criteria and assumptions are well documented in the design drawings so that everything will be 

operated properly.  
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ASHRAE Standard 55: Thermal Comfort  

5.1 General Requirements 

Section 5 of this standards has guidelines to design for 80% of the building occupants to be thermally 

comfortable in a space. There are six factors that affect how comfortable an occupant will be: metabolic 

rate, clothing insulation, air temperature, radiant temperature, air speed, and humidity. The luxury 

mixed-use hotel did not use this standard for design, but the following section of the report explains 

how the design complies with the thermal comfort requirements.  

5.2 Method for Determining Occupant Characteristics  

Table 5.2.1.2 contains data for the metabolic rates for typical tasks; the chart can be found in the 

appendix of this paper as Table A-4. For this mixed-use hotel, some common activities are sleeping, 

standing, and walking slowly, which have metabolic rates of 13, 22, and 37 BTU/hr*ft2, respectively. 

Specific rooms like the ballroom will have different activities to consider, such as dancing. It is important 

to consider each space type separately in terms of thermal comfort because there will be many different 

activities happening in this hotel. For individuals participating in many activities for less than an hour, 

doing a time weighted average is permissible. If the activities last longer than an hour, they will be 

considered two separate metabolic rates. Since the hotel has guests and employees participating in a 

wide range of activities, it will be too difficult to ensure that everyone is comfortable; however, it is 

possible to try to make the majority of people comfortable. Considering that the guests’ comfort is more 

important for the business of the hotel, calculating thermal comfort based on the guests is optimal.  

Clothing insulation makes a large difference for an occupant’s thermal comfort. I cl is the clothing 

insulation value measured in clo. Clothing insulation values increase with the amount of body coverage. 

A standard men’s suit is 1 clo. In this climate region, the main concern for thermal comfort is the 

occupants being too hot. During the cooling seasons, we would expect occupants to have a clothing 

insulation value around 0.5 or less. Most of the guests are tourists and will probably be wearing shorts 

and T-shirts, but using 0.5 is more conservative. Icl is for occupants that are not moving, so to account for 

motion, it is necessary to calculate Icl,active: 

Icl,active=Icl*(0.6+0.4/M)  

1.2 met < M < 2.0 met  

In this equation, M is the metabolic rate. Table 5.2.2.2B includes a more specific list of garments to 

calculate specific ensembles by adding the individual items together. Table 5.2.2.2C adds insulation for 

sitting on a chair. This table could be useful for guests seated at the restaurants or employees seated at 

their desks. Both Table 5.2.2.2B and 5.2.2.2B can be found in the appendix of this paper. Throughout the 

year, Icl values can be predicted based on climate data to calculate thermal  comfort as seen in the chart 

below.  
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Figure 10: Clothing insulation values depending on outside air temperature.  

5.3 General Method for Determining Acceptable Thermal Conditions in Occupied Spaces 

Standard 55 developed a graphical method to predict thermal comfort based on the Predicted Mean 

Vote (PMV) model. The method shows information for occupants with a metabolic rate between 1.0 and 

1.3 met and clothing insulation between 0.5 and 1.0 clo. 0.2 m/s is the average air speed used, but 

Section 5.3.3 accounts for air speeds greater than that. Comfort zones are calculated using the linear 

interpolation between the following equations: 

tmin,Icl=[(Icl-0.5 clo)tmin,1.0clo+(1.0 clo – Icl)tmin,0.5clo]/0.5 clo 

tmax,Icl=[(Icl-0.5 clo)tmax,1.0clo+(1.0 clo – Icl)tmax,0.5clo]/0.5 clo 

tmax,Icl: upper operative temperature (to) limit for clothing insulation (Icl) 

tmin,Icl: lower operative temperature (to) limit for clothing insulation (Icl) 

Icl: thermal insulation of the clothing in question, clo  

UC-Berkeley created a CBE Thermal Comfort Tool that incorporates the equations suggested by ASHRAE 

to create thermal comfort graphs. Although this project does not have a PMV control system, for an 

operative temperature setpoint of 75℉, relative humidity of 50%, and 0.1 m/s air speed for cooling 

season, the figures below would be the corresponding thermal comfort charts for Icl values of 0.5 and 1.0 

clo, respectively. 
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Figure 11: On the left is a thermal comfort chart with an Icl value of 0.5. The chart on the right shows an 

adjusted clothing insulation value of 1.0 clo.  

Both thermal comfort charts are acceptable for ASHRAE Standard 55. On the left, 9% of people are 

dissatisfied and the PMV is -0.46. On the right, 8% of people are dissatisfied with a PMV of 0.39. The 

design setpoints for this project comply with the standard.  

It is also important not to have radiant temperature asymmetry or large temperature drifts with time. 

Having minor fluctuations of temperature helps avoid “thermal boredom”; however, Table 5.3.5.3 below 

gives the maximum temperature changes allowed for a certain period of time. Table 5.3.4.2 gives the 

available temperature asymmetry between surfaces of a space. This project did not consider these 

factors during design.  

 

Figure 12: Allowable radiant temperature asymmetry chart (left) and limits on temperature drifts (right) 

from ASHRAE Standard 55. 

Designing for thermal comfort is very challenging because comfort is very subjective and h as so many 

influencing factors. Especially in a building like this one, there are many different activities, so it is 

difficult to make sure everyone is comfortable. Also, controlling the temperature for comfort depends on 

input from the occupants, which can be expensive and impractical. The public spaces will be controlled 

based on setpoints determined by the engineers and the guestrooms have thermostats so that the guests 

can control their own spaces. This will allow the guests to control their thermal comfort, which is very 

important for the success of the business of the hotel. 
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Appendix  

Table A-1: ASHRAE 62.1 Table 5.5.1 

 

Table A-2: ASHRAE 62.1 Table 6.2.2.1 
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Table A-3: ASHRAE 62.1 Table 6.5  
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Table A-4: ASHRAE 55 Table 5.5.1 
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Table A-5: ASHRAE 55 Table 5.2.2.2A  
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Table A-6: ASHRAE 55 Table 5.2.2.2B 
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Figure A-1: ASHRAE 55 Figure 5.3.1  
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Figure A-2: ASHRAE 55 Figure 5.3.3A 

 

 


