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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 intakesand 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 differenttypes of ventilation 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 areasthat need exhaustin this projectare
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
thatat 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 thatare
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 levelsin the mixed-use hotel, butitis
possible to make most of the people thermally comfortable. This is especially true since the guestrooms
have thermostats toadjust 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. Ithas avery 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 publicarea; and 43,000 square feet of back of house area, itis 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 electricresistive heat. There is a central energy plantlocated in the parking garage with the main
refrigeration equipment. Each chiller hasa dedicated condenser pump to send water to the cooling
towers, and there is a bypass for water thatis at a temperature toolow to go through the cooling tower.
Another energyrecovery method on the condenser water side is a heat exchanger thatremoves heat
from the condenser water to pre-heatthe domesticwater. The chilled water loop supplies the terminals
units with chilled water to cool the air. Thereis 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
thereis 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 publicspaces 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 latentload. There are 30 air handling units
without the desiccant wheeland 11 with one.

Exhaustis needed for bathrooms, elevatorlobbies, 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 helpsreduce 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 abuilding 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 waterloop, condenser water reset temperature, and
chiller evaporator overflow. Different sensors throughout the mechanical system reportback to the BAS

to beginthese sequences. Having the building automation system helps save energy and keep the hotel
maintained well.

2|Green



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 ratesand air distribution.

This luxury mixed use hotel complies with Section 5.1. All ventilation systems have methods to control
the airflow so thatthereis always the minimum airflow per ASHRAE 62.1. For the dedicated outside air
systems (DOAS) that serve the guestrooms and corridors, there are motorized dampersto control the
amount of air entering the unit. The unitsalso 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 ata minimum for the DOAS
units. Air handling units that serve public spaces have motorized controlled dampersat 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 thatare 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 meetthe ASHRAE 62.1 requirements and the hotel standards (which are more strict
than ASHRAE 62.1).
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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 preventleakage. 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 airintake flow mandated by Section 6. All ventilation systems have automatic controls that
are regulated by differential pressure and temperature sensors. VAV systems have modulatingair
dampers that will keep no less than the prescribed outdoor air levels.
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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 birdsand debris. To protect from rain,
rooftop units are specified to include a factory rain hood or AMCA louver atthe inletand 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 exhaustand
reliefair 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 mustbe at least 30 feet from the outlet. Exhaust from
bathrooms is considered Class 2 air, so it mustbe 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
theinlets of air handlers. Figure 3 below shows the measurements between the exhaust fansto 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
dryersin the laundry room. There are two exhaust fans on the second level roof thatare dedicated to the
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dryers. 1000 CFM of laundry exhaust is directly vented outside to exhaustfan 3.14 and another 250 CFM
is directly vented to exhaust fan 3.18.

5.7 Combustion Air

Fuel-burning applications need tohave enough air for combustion and a method for adequate removal
of the combustion products. Kitchen appliancesin 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 exhaustair 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 MERYV value of 8 for the pre-filterand 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 thisbuildingis
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 itis cooled to dehumidify. This reheat ensures thatthe supplied air will not be overcooled to
get the proper humidity. Areas of concern for humidity problems are the ballrooms. Ballrooms typically

have a higherlatentload 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 towerlevels of the
hotel (30,395 CFM) was slightly under the maximum tower exhaustairflow (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 exhaustatall
compared to the air intake on the podium levels, so the building as a whole will follow thatrequirement.

5.10 Drain Pans

Drain pansintended to collect condensate will be assembled with a slope of atleast0.125 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 preventambient 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 panswill be provided underneath all dehumidifying cooling coil assemblies 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 Revitso
thatwalls or other obstructions would not getin 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.

Standard 6" Max

Internal Capacity
Adjustable Filter Rack
w/ Dirty Filter Switch

Stadard Direct Drive

w/ VFD Plenum Fan
Optional Head and Slide Out

Microprocessor Pressure Contrd Service Access

Based Control w/ w/VFD
Easy to Read

Human Interface

Standard 2" Double
Wall R-13 Foam
Insulation

2" Aluminum Mesh Filters
w/ Optional Outdoor Airflow
Monitoring System

Optional 2-Position
or Modulating w/
Economizer Retum

Optional Digital Scroll or
APR Refrigeration

Capacity Controller on Standar8l 6 Row é
First Circuit Interlaced Evaporator Alr Damper
Opichel Coil w/ Stainless Steel
Optional High Turndown Modulating Hot

Indirect Gas Fired Gas Reheat Coil Drain Pan

Stainless Steel Heat
Exchanger, Modulating
SCR Electric Heater or

Hot Water Coils

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
pressurein 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 Tables5.16.1,6.2.2.1,and 6.5 in ASHRAE 62.1.1In the
kitchens, there are commercial kitchen grease hoods, which are categorized in Air Class 4. This caused
the minimum distance from the exhaustfansto theinletof an air handling unitto be 30 feet. The
restaurants will be considered Class 2 air, which can only be recirculated to other Class 2 or Class 3
regions thatare 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.

TABLE 5.16.1 Airstreams

Description Air Class
Diazo printing equipment discharge B

I Commercial kitchen grease hoods 4 I
Commercial kitchen hoods other than grease 3
Laboratory hoods 4
Residential kitchen vented hoods 3
Hydraulic elevator machine room 2

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.

Ratesare determined by space type, occupancy, and floor area. Other system design parametersin 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 extrafilters 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*P+Ra*A;
Az: zone floor areaq, the net occupiable floor area of the ventilation zone, ft?
P;: zone population, the number of people in the ventilation zone during typical usage
Ry: outdoor airflow rate required per person as determined from Table 6.2.2.1
Rq: outdoor airflow rate required per unit area as determined from Table 6.2.2.1

The Rpand 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. P.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
breathingairflow depending on the area and number of people. Then, following Table 6.2.2.2, the zone
air distribution effectiveness (E;) can be found.

TABLE 6.2.2.2 Zona Air Distribution Effectivenass

Air Distribution Configuration E;
Ceiling supply of cool air 1.0
Ceiling supply of warm air and foor retum 1.0

Ceiling supply of warm air 15°F (8°C) or more above

ot 0%
space lemperiurne and ceiling retum

Ceiling supply of warm air less than 157F (870 above

space lemperture and ceiling retum provided that the

150 fpm (0.8 mis) supply air jet reaches to withind.50 4 o
(1.4 m} of Noor level

Nater For lower velocity supply air, £, ~ 0.8,

Floor supply of cool air and ceiling return, provided
theat the vertical throw ia greater than 50 fpm (0.25 mvs) L0
ol a heightl of 4.5 M (1.4 m) or more above the Noor

Floor supply of cool air and ceiling return, provided
Fow-velocily displacement venlilalion achicves
unidirectional ow and thermal sirtification, or
underfloor air distribution systems where the verical
throw is less than o equal to S0 fpm (.25 mis) ala
height of 4.5 ft (1.4 m) above the loor

Floor supply of warm wir and Noor refurn 1.0
Floor supply of warm air and ceiling retum 0.7
Makeup supply dmawn in on the opposite side of the

room from the exhaust and'or return 0.

Moakeup supply drawn in near (o the exhaust andlor

5
return location 03

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

The zone outdoor airflow is the minimum rate that mustbe provided to that calculated zone. The design
outdoor air intake flow (Vo) is equivalentto V, 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 thatrecirculates, the primary outdoor air fraction (Z,) needsto
be used.

sz=Voz/sz

Vpz is the zone primary airflow from the air handler thatis 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.

TABLE 6.2.5.2 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

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=DZail zones(Rp*Pz) + Zall zones(Ra*Az)
D=Ps/Zall zonesPz

Vot=Vou/Ey
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 requirementsin Table 6.5 determined the design exhaustlevels for the different spacesin this
project. The primary areas of concern for exhaustare the toilets, laundry, kitchens and parking garages.
All guestroom toilets have a unitthat 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.
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TABLE 6.5 Minimum Exhaust Rates

Exhausi Raite, Exhanst Rale, Exhansi Raile, Exhaunsi Rale, Adr

Modes

(ecupancy Category cfmiunit cfm/n? L/s-unit Lis-m? Class
Arenis 0,50 B 1
An classrooms 0.70 is 2
Aulo repair rooms 1.50 A 15 2
Rarber shops 0.50 25 2
Beauty and nail salons 0.60 30 2
Cells with toilel 1.00 50 2
Copy, printing rooms 0.50 15 2
Darkrocms 1.00 a0 2
Haucational science laboratories 1.00 0 2
Janitor closets, trash rooms, recycling 1.00 50 3
Kilchenciies (130 1.5 2
Kitchens—oommercial 0.70 is 2
Locker'dressing rooms 0.25 1225 2
Locker moms (150 25 2
Paint spray booths F 4
Parking parages 0.75 [ 37 2
Pet shops (animal ancas) 0.%0 4.5 2
Refmigenling machinery rosms F 3
Residential kilchens S0 100 [ 2SS0 2
Soiled laundry storage rooms 100 F 50 3
Slorage rooms, chemical 1.50 F 15 4
Todlels—private 2550 EH 12.5725 2
Toilels—public 5070 D, H 25735 2
Woodwork shopiclassrooms (150 5 2

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 metabolicrates 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 metabolicrates of 13,22, and 37 BTU/hr*ft?, 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 happeningin this hotel. For individuals participating in many activities for less than an hour,
doing a time weighted average is permissible. Ifthe activities last longer than an hour, they will be
considered two separate metabolicrates. Since the hotel has guestsand employees participatingina
wide range of activities, it will be too difficult to ensure that everyone is comfortable; however, itis
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 o is the clothing
insulation value measured in clo. Clothing insulation values increase with the amount of body coverage.
A standard men’s suitis 1 clo. Inthis 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 guestsare tourists and will probably be wearing shorts
and T-shirts, but using 0.5 is more conservative. I is for occupants thatare not moving, so to account for
motion, it is necessary to calculate I ¢active:

Laactive=Ia*(0.6+0.4/M)
1.2 met <M < 2.0 met

Inthis equation, M is the metabolicrate. 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, [q values can be predicted based on climate data to calculate thermal comfort as seen in the chart
below.
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FIGURE 5.2.2.2 Representative clothing insulation ()
as a function of outdoor air temperature at 06:00 a.m.

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 metabolicrate 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:

tminia=[(Ia-0.5 clo)tmin1.0c0+(1.0 clo - Ia)tmino.5d0]/0.5 clo
tmax1a=[(1a-0.5 clo)tmax,1.0d0+(1.0 clo - Ia)tmax,0.500]/0.5 clo
tmax Ici: Upper operative temperature (t,) limit for clothing insulation (1)
tmin1ci: lower operative temperature (t,) limit for clothing insulation (I.;)
L. thermal insulation of the clothing in question, clo

UC-Berkeley created a CBE Thermal Comfort Tool thatincorporatesthe 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 °F, 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 I valuesof 0.5 and 1.0

clo, respectively.
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Humidity Ratio [gw / kgda]
Humidity Ratio [gw / kgda]

Drybulb Temperature [°C] Drybulb Temperature [*C]

Figure 11: On the left is a thermal comfort chart with an I.; value of 0.5. The chart on the right shows an
adjusted clothing insulation value of 1.0 clo.

Both thermal comfort chartsare 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.

[tis 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 changesallowed 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.

TABLE 5.3.4.2 TABLE 5.3.5.3
Allowable Radlant Temperature Asymmetry Limits on Temperature Drifts and Ramps
Radiant Temperature Asymmetry °C (°F) Time Period. h 025 05 1 5 4
Ceiling Ceiling Wall Wall
Warmer Cooler Warmer Cooler Maximum Operative 11 17 22 28 133
than Floor than Floor than Air than Air Temperature (f,) Change ’ : ' ' :
Allowed. °C (°F (2.0) (3.0) (4.0) (5.0) (6.0)
<5(9.0) <14 (25.2) <23 (41.4) <10(18.0) owed, °C (°F)

Figure 12: Allowable radiant temperature asymmetry chart (left) and limitson temperature drifts (right)
from ASHRAE Standard 55.

Designing for thermal comfort is very challenging because comfort is very subjective and has so many
influencing factors. Especially in a buildinglike 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 thatthe 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 5.5.1 Air Intake Minimum Separation Distance

Object

Minimum Distance, ft (m)

Class 2 air exhaust/relief outlet (Note 1)

Class 3 air exhaust/relief outlet (Note 1)

Class 4 air exhaust/relief outlet (Note 2)

Plumbing vents terminating less than 3 ft (1 m) above the level of the outdoor air intake

Plumbing vents terminating at least 3 ft (1 m) above the level of the outdoor air intake

Vents, chimneys, and flues from combustion appliances and equipment (Note 3)

Garage entry, automobile loading area, or drive-in queue (Note 4)

Truck loading area or dock, bus parking/idling area (Note 4)

Driveway, street, or parking place (Note 4)

Thoroughfare with high traffic volume

Roof, landscaped grade, or other surface directly below intake (Notes 5 and 6)

Garbage storage/pick-up area, dumpsters

Cooling tower intake or basin

Cooling tower exhaust

103)
15(5)
30 (10)
10(3)
3D
15(5)
15(5)
25(1.5)
5(1.5)
25(1.5)
1(0.30)
15(5)
15(5)
25(7.5)

Table A-2: ASHRAE 62.1 Table 6.2.2.1

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone
{This table is not walid in isolation; it must be used in conjuncion with the accompanying notas, )

People Outdoor  Area Outdoor Default Values
Oecupancy Mr.n:? “ Mrﬂl:m Nides ‘ {m;e Nn::o;ﬂu :lr Rate :s::ll;l:::! Air
Catepnry Class
I:E::'“ p:g L et Lism? :’:‘:::_’::; t:r’:.‘fn Lisperson
Correctional Facilities
Cell 5 2.5 012 i 25 10 4% 2
Dayroom 5 2.5 0106 03 30 35 1
Guard stations 5 25 0.06 03 15 9 45 1
Baokingy waiting 75 38 01,06 03 a0 9 44 2
Educational Facilities
Diayeare (through age 4) 10 5 018 09 25 17 86 2
Dhayeare sickroom 10 5 1% 0.5 25 17 &6 1
Classrooms (apes 5 ) 10 5 01z i 25 15 14 1
Classrooms (age 9 plus) 10 5 012 0.6 35 13 6.7 1
[Lecture classrosm 15 ER] (0 [k (%) B 43 1
Lecture hall (fixed seais) 1.5 ER 0.0 03 1500 B 410 1
Art classroom 10 5 018 0y n 19 9.5 2
Science |sboratories 10 5 0.18 0.9 25 17 8.6 2
IL: m;{;“""“g“ 10 5 018 09 25 17 86 2
‘Wood‘metal shop 10 5 0.1% 0o i} 19 9.5 2
Compter lah 10 5 012 [ 15 15 74 1
Media cenler 10 5 0z i A 5 15 14 1
Music/lheater/dance 10 5 0.06 03 35 12 59 1
Multise assembly 75 3.8 0.06 03 10 ] 4.1 I
Food and Bevernpe Service
Restaurant dining rooms 75 3.8 018 09 70 10 5.1 2
Cafeteria'fast-food dining 15 ER] 0.1% 0y 100 9 47 2
Bars, cockail lounges 75 3.8 0% 0.9 104 9 47 2
Kitchen (cookingy 15 ER] 01z [ 0 14 0 2
General
Break rooms § 2.5 0106 0 25 7 15 1
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TABLE &.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continuad)
{This tabla is not valid in isolation; it must be usad in conjuncticn with the accompanying notas.)

People Outdoor  Area Outdeor Default Values
Occapancy ""H“’“-‘ Adr Hale Oceupant Density  Combined Outdoor
Catesory ] Modes (woe Mle 4) Adr Raite (see Note 5) Class
pfr:'ln P‘:‘:'l efm/n?  Lism? aﬂm‘::g pz::"n Lis-person
Collee siations 5 2.5 [ EE 0 & 4 ]
Conference/mesting 5 25 DG 03 50 f 31 I
Corridors 006 03 I
Occtpiabl slorage rooms 5 25 012 B 2 65 325 2
Tor ligquidks or pels
Hotels, Molels, Resorts, Darmiltorles
Bedroom/Tiving mam 5 2.5 DG 03 10 1 5.5 I
Barracks sleeping arcas 5 25 006 03 20 B 4.0 i
Landry rooms, ceniral 5 25 012 6 1 17 85 2
Lﬂlﬁm“ within 5 13 042 06 i 7 85 i
Lasbibi s/ prre imition 7.5 14 D6 03 0 10 4.8 I
Mullipurpose assembly 5 25 006 03 120 i 18 i
(HTice Buildings
Breakroams 5 25 012 06 50 7 1.5 i
Main eniry lbihics 5 25 DG 0 10 1 5.5 I
Emw T 5 25 006 03 2 35 17.5 I
Office space 5 25 D6 0 5 17 8.5 I
Reception arcas 5 25 noE 03 £ 7 15 i
Telephone/data entry 5 24 no6 03 50 f 3.0 I
Miscellameous Spaces
Bank vaults'salis deposit 5 15 D6 03 5 17 8.5 2
Banks or bank lobbies 7.5 18 006 03 15 12 6.0 i
Compuier (e printing) 5 25 no6 0 4 20 100 I
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TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(This tabla is not valid in isolation; it must be wsad in conjunclion with the accompanying notas.)

People Outdoor  Area Outdoor Defanlt Values
Air Rale Alr Haile
ﬂ::g:;r K, Ky Nites ‘”'ELT&'.ET’" ﬁffi’ii!‘f.;’l‘f&“% l,"'l‘i;
ﬁn p:‘:;l. efm/m?  Lism® aﬂmr::; p:::n Lis-persin
m;:‘;w{"m 10 5 0 ] B 0 i o 1
Creneral manufaciuring
o g 10 S0 018 09 7 % 18 3
chemicals}
Pharmacy (prep. area) 5 15 nL1E 09 10 i 115 2
Phati stisdiog 5 2.5 012 06 1 17 85 I
Shipping receiving 10 5 L1z 06 B 2 o 33 2
:;‘;'m"%l*;“‘“‘g' light 75 s 012 06 7 25 125 2
Tedephone closels 000 00 1
Tranzporistion walling 15 18 1.i 03 [LE 8 4.1 I
Warchouses 10 5 006 03 B 2
Pubslic Assembly Spaces
Audilorium scaling arca 5 15 006 03 150 5 27 1
mlsf religious 5 25 006 03 120 6 28 i
Courtrooms 5 15 006 03 70 5 2.9 1
Legislative chambers 5 15 .06 03 0 fi ER 1
Librarics 5 15 L1z 06 1 17 8.5 1
Lobbics 5 25 (1.3 03 150 5 27 I
Muscums {children’s) 75 18 01z 06 40 11 53 1
Mussamms/ palleries 1.5 18 0,03 03 40 9 4.6 I
Residential
Dywvedlinig: it 5 2.5 L.l 03 EG ¥ I
Commaon cormidors 006 03 1
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TABLE €.2.2.1 Minimurm Ventilation Rates in Breathing Zone (Continued)
(This tabla is not valid in isolation; it must be wsad in conjunclicn with the accompanying notas.)

People Ouldoor  Area Outdoor Defanlt Values
oceupuncy Vi TR e et Doty Compined Oudet A
Calegory - Class
pf;”n P:‘fr;. el Lésm? ﬂﬂm':.g p:rr:rn Lisperson
Retail
Sales (except as below) 75 38 012 06 15 16 78 2
Mall comimon areas 75 38 006 03 40 0 46 1
Harbershop 75 38 006 03 25 1 50 2
Blesuty and il sslons 20 10 012 T3 25 25 124 2
Pet sheps {animal areas) 75 38 0% 09 i p13 12% 2
Supermarkel 75 18 006 03 Yl 15 16 I
Coin-operated lamdries 75 18 R T 20 14 7.0 2
Sporis and Entertainment
f;’l:';;";‘]“ frend 20 10 018 0 B 7 45 i
Spectalor areas 75 38 006 03 150 B 40 1
Swimming (peol & deck) 048 24 C 1
Discoddanee Moors 20 mn 006 03 106 ]| 1.3 2
Health clubvasrobics room 20 in 006 03 40 b 10.& 3
Health clubvweight roams 20 in 006 03 o 26 13.0 2
Bowling alley (sealing) 10 5 012 06 40 13 6.5 1
Gambling casinos 75 38 01s 09 120 0 16 1
Ciatme arcades 75 38 0nis 09 20 17 3 1
Stiges, studios 10 5 006 03 3] 70 1 54 1
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Table A-3: ASHRAE 62.1 Table 6.5

TABLE 6.5 Minimum Exhaust Rates

Exhausi Rale, Exhansi Rale, Exhansi Rale, Exhausi Raie, Alr

Moles

Occupancy Category clm/unit cim/m? Lis-unit Lism? Class
Aremas (.50 B 1
Ar classrooms 0.70 35 2
AULO repair rooms 1.50 A 5 2
Barber shops 050 15 2
Beauty and nail salons 060 30 2
Cells with toilel 1.04) 50 2
Copy, printing rooms 0.50 25 2
Darkrooms 1.0 50 2
Hiucational scicnce laboratories 1.00 a0 2
Jamitor closels, trash rooms, recycling 1.0 50 3
Kiteheneiies (130 1.5 2
Kitchens—commercial 0.70 35 2
Locken'dressing rooms 025 1.25 2
Locker rooms 050 5 3
Painl spray booths F 4
Parking parages 075 [ T 2
Pt shops (animal areas) 0,90 4.5 2
Refrigeraling machinery rooms F 3
Residential kitchens SO0 L& 2SS0 2
Soiled laundry slorage rooms 1.00 F 50 3
Slorape rooms, chemical 1.50 F 15 4
Toilels— private 25150 EH 12,525 2
Tailels— public 50070 D, H 2535 2
Woodwork shopiclassroons (150 2.5
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Table A-4: ASHRAE 55 Table 5.5.1

TABLE 5.2.1.2 Metabelic Rates for Typical Tasks

o Metabalic Rate
Actiity Met Units Wim® Bium-n?
Resling
Slecping 0.7 40 13
Reclining 08 45 15
Seated, quict 1.0 (] %
Standing, relaxed 1.2 0 22
Walking {(on level surlace)
0% ms, 3.2 km'h, 2.0 mph 2.0 115 £y
1.2 mis, 4.3 kmvh, 2.7 mph p 150 48
I & mfs, 6.8 km/h, 4.2 mph i 230 0
(MTce Activithes
Reading, seated 1.0 55 I8
Wriling, 1o it (1]
Typing L1 5 0
Filing, scaled 1.2 T0 2
Filing, standing 14 B 26
Wialkiig about 1.7 100 1
Lifting/packing 21 120 i
Driving/Flying
Antomobile 1.0-2.0 G0-115 1837
Adrcrall, routine 1.2 T 22
Aircrafl, instrument landing 1.8 105 13
Adrerall, combal 14 144 A4
Heavy vehiche 32 185 59
Miscellaneous Occupational Activilies
Cooking 1.6-2.0 05115 29-37
House cleaning 20-3.4 115200 iT-63
Seted, hewvy limb movement 1.2 130 41
Muchine work
sawing | lable saw) 1.8 105 i3
light {clectrical industry) 2024 115 140 3T-44
heavy 4.0 235 T4
Handling 50 kg { 100 b} bags 4.0 235 74
Pick and shovel work 4.0-4.8 235280 T4 KR
Miscellancous Leisure Aclivilies
Dancing, social 24-44 140-255 44 &1
Calisthenicsfexercise 3040 175-235 5574
Tennis, singhe 3640 200-270 G- T4
Raskettall S0-T6 29040 0140
Wrestling, competitive TO-8.7 410505 130160
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Table A-5: ASHRAE 55 Table 5.2.2.2A

TABLE 5.2.2.2A Clothing Insulation (/) Values for Typical Ensembles

Clothing Description  Garments Included” I 4(clo)
Trousers 1) Trousers, short-sleeve shirt 0.57
2) Trousers, long-sleeve shirt 0.61
3) #2 plus suit jacket 0.96
4) #2 plus suit jacket, vest, T-shirt 1.14
5) #2 plus long-sleeve sweater, T-shirt 1.01
6) #5 plus suit jacket, long underwear bottoms 1.30
Skirts/Dresses 7) Knee-length skirt, short-sleeve shirt (sandals) 0.54
8) Knee-length skirt, long-sleeve shirt, full slip 0.67
9) Knee-length skirt, long-sleeve shirt, half slip, long-sleeve sweater 1.10
10) Knee-length skirt, long-sleeve shirt, half slip, suit jacket 1.04
11) Ankle-length skirt, long-sleeve shirt, suit jacket 1.10
Shorts 12) Walking shorts, short-sleeve shirt 0.36
Overalls/Coveralls 13) Long-sleeve coveralls, T-shirt 0.72
14) Overalls, long-sleeve shirt, T-shirt 0.89
15) Insulated coveralls, long-sleeve thermal underwear tops and bottoms 1.37
Athletic 16) Sweat pants, long-sleeve sweatshirt 0.74
Sleepwear 17) Long-sleeve pajama tops, long pajama trousers, short 3/4 length robe (slippers, no socks) 0.96

# All clothing ensembles, except where otherwise indicated in parentheses, include shoes, socks, and briefs or panties. All skirt/dress clothing ensembles include panty hose and no

additional socks.
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Table A-6: ASHRAE 55 Table 5.2.2.2B

TABLE 5.2.2.2B Garment Insulation (/o)

Garment Descriplion® I eto) Garmenl Descriplion® 1 g lchn)
Underwear Diress and Skirts”
Hra ol Skirt {thin} mm 014
Panlies o3 Skir {thick) 0.23
Men’s briels (4 Sleeveless, scoop neck (thin} 0.23
T-shirt (0w Sleeveless, scoop neck (thick), e, jumper 0.27
Hall-slip 14 Shori-sleeve shirtdress (Uhin) 0.29
Long underwear bodloms 15 Lemg-sleeve shiridress (thin) .33
Full slip 16 Long-sheeve shirldress (thick) 0.47
Long underwear lop .20 Swealers
Footwear Sleeveless vest (thin) 03
Ankle-lengih athletic socks 02 Slecveless ves (thick) 0.22
Panty hose/stockings 02 Long-sleeve (thin) .25
Sandals‘thongs 0oz Long-sleove (thick) .36
Shaoes 002 Suit Jackels and Vests®
Slippers (guilted, pile lined) 003 Sleevieless vest (thin) (R[]
Calf-length socks 003 Sleevieless vest (thick) 017
Knee socks (thick) (06 Single-breasted (thin) 36
Baools 010 Single-breasted (thick) 0.44
Shirl= and Blouses Double-breasted (Lthin 0.42
Sleevelessfscoop-neck hlouse 012 Double-breasted (thick) 048
Short-sleeve knit sport shirt o7 Slecpwear and Robes
Short-sleeve dress shin 19 Bleeveless shorl pown (Lhin 0%
Long-sleeyve dress shirt (.25 Sleeveless long gown (Thin) 0.20
Long-sleeye Manme] shirl (.34 Shoril-slecve hospital gown .31
Long-sleeve swealshirt (.34 Shoril-sleeve shorl robe (thin) .34
Trousers and Coveralls Shor-sleeve pajamas (Thin) (.42
Short shors (L0 Long-sheeve long gowi (Hkdek) 046
Walking shors [T Long-sleeve shorl wrap robe (ihick) .48
Straight trowsers (Udn) his Long-sheeve pajamas (thick) 057
Stradght troasers (thick) 024 Long-sleeve long wrap robe (thick) 0.69
Swealpants (.28
Crveralls 030
Coveralls (.49

i “Thin” refors io parments made of ghtveight, thin Gbrcs ofien wom in the smmer; “thick™ refors @0 garments made of heavywesgh, thick Gbrics ofien wom in the winler.
b Knes-lenpih dresses snd sonls.
. Lamel vestis.

TABLE 5.2.2.2C Added Insulation when Sitting on a Chair
{Applicable to Clothing Ensembles with Standing Insulation Values of 0.5 clo < Iy < 1.2 clo)

Met chair® (00 clo

Metal chadr 000 o
Wooden side arm chair® .00 clo
Wasoden slool HLOT clo
Slandard office chair HL10 clo
Executive chair H1L15 clo

a. A chair construcled from ihan, wadely apacad conds thal proside no thenmal insulation
b Make This chanr was usod in maosd ol the basic slutios of thormal comBart Sal won: wsod fo ostabdish the PR PP andex
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Figure A-1: ASHRAE 55 Figure 5.3.1
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FIGURE 5.3.1 Graphic Comfort Zone Method: Acceptable range of operative temperature (f,) and humidity for spaces
that meet the criteria specified in Section 5.3.1 (1.0 = met < 1.3; 0.5 < clo < 1.0}—(a) I-P and (b) SL
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Figure A-2: ASHRAE 55 Figure 5.3.3A
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FIGURE 5.3.3A Accepiable ranges of operative temperature (t,) and average air speed (V) for the 1.0 and 0.5 clo com-

fort zone presented in Figure 5.3.1.1, at humidity ratio 0,010,
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