
ashrae.org/IEQResources1
Table of Contents

Table of Contents ashrae.org/IEQResour

ces

Thermal Comfort

Where the person goes, 

so goes their thermal 

experience.
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What is Indoor Environmental Quality?

Indoor Environmental Quality (IEQ) 

¶ It is, first and foremost, a study of 
physiology and psychology as it relates to 
the built environment.

¶ Subjects are rarely taught to building 
design professionals.

¶ Suggested Reading

¶ Chapters on sensory systems, 
including thermal regulation, vision 
and sound, plus cardiovascular and 
respiration.

¶ Hall, John, E. and Michael E. Hall. 
Guyton and Hall Textbook of Medical 
Physiology, 14th Edition

¶ Costanzo, Linda. Physiology, Sixth 
Edition
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Indoor Environmental Quality (IEQ) is the umbrella that represents all the environmental 

sensory systems.

¶ IAQ is not a proxy for IEQ or thermal comfort. They are not synonymous terms.

¶ It now includes water and microbiome as an IEQ metric.

Image Credit: Robert Bean, free use granted when credited

What represents all 
the environmental sensory systems?
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Indoor Environmental Quality (IEQ) is the umbrella that represents all the environmental 

sensory systems.

¶ Thermal Comfort

¶ For existing and new buildings including residential, commercial, institutional and other occupied 

spaces not covered by other standards and regulations.

Image Credit: Robert Bean, free use granted when credited

What represents all the environmental 
sensory systems? continued
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¶ Thermal Comfort Universal Definition 

             

¶ Thermal regulation as part of the 

central/autonomic/sympathetic nervous, 

cardiovascular and endocrine systems.

¶ Co-existence of homeostasis and alliesthesia.

¶ Metabolic balance vs sensory exercise.

¶ Survival vs pleasure.

¶ Thermogenesis/vasodilation/vasoconstriction.

¶ Subjective: people do not always share the 

same thermal experience.

¶ Expect diversity in sensation and perception.

Image Credit: Robert Bean, free use granted when credited

ñCondition of Mindò 

How does the mind come into play? 
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SensationŸ      Perception   Ÿ  Re)action 

physical

physiological/ 

neurological

psychological/

subjective

psychological

physical

physiological

below conscious

above conscious

Ÿ Ÿ Ÿe.g., loss of heat e.g., Iôm colde.g., complaint/adaption

How do sensations inform reactions?
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22°C

72°F

Elephant in the Room: Thermostats ARE NOT 

proxies for thermal comfort

¶ They DO NOT fully sense what people 

sense.

¶ They DO NOT represent the combination of 

thermal environmental factors at the 

location of the occupant.

Air temperature alone is not a valid or 

accurate indicator of a comfortable 

workplace temperature or heat stress.

UKôs Government Health and Safety 

Executive, 2024

Image Credit: Robert Bean, free use granted when credited

What donôt thermostats do? 
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ASHRAE Standard 55 (add page numbers 
for sections page X of Y)

Thermal Environmental Conditions 

for Human Occupancy

Compliance reduces discomfort risks and improves the 

probability for the majority of occupants to sense and 

perceive acceptable thermal comfort.
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What is the purpose of 
ASHRAE Standard 55?

History & Purpose

¶ The purpose of this standard is to specify the 
combinations of indoor thermal environmental 
factors and personal factors that will produce 
satisfactory thermal environmental conditions 
acceptable for a majority of the occupants within 
the space.

¶ Published in 1966.

¶ 60th anniversary in 2026.

¶Colloquially called ASHRAEôs Thermal Comfort 
Standard.

¶ It is intended that all of the criteria in this standard 
be applied together, as comfort in the indoor 
environment is complex and responds to the 
interaction of all of the factorsé
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Key Facts

¶For healthy adults (however, doesnôt exclude other 

groups).

¶ Does not cover sleeping, people in contact with bedding,  

nor people in spaces less than 15 minutes.

¶ The current version does not cover met rates over 4.0.

¶ The current version does not cover clo values over 1.5.

¶ It DOES NOT cover heat stress, but spaces designed 

and built to Standard 55 could have a lower probability of 

occupants developing heat stress relative to buildings not 

designed to Standard 55.

What does Standard 55 do and not do?
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Key Facts

¶Standard 55 Userôs Manual provides expanded 

information.

¶ Is aligned with the 2013 version; however, much of it still 

applies.

¶ A revised version aligned with the most current editions 

is under consideration by the Standing Standards Project 

Committee 55 (SSPC-55).

How does the ASHRAE Standard 55 Userôs 
Manual apply? 
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¶ ASHRAE Standard 55 is the Quintessential Road Map for 

Integrated Design

¶ Four Pillars of Thermal Environmental Conditions for Human 

Occupancy must be . 

¶ A hierarchy in design starting with architecture, followed by 

enclosure, interior and mechanical designs.

done correctly and in the correct order.

Comfort is incredibly important to building occupants but the 

traditional air temperature-centric design approach used in 

buildings for decades is ineffective, inefficient, and expensive.

Rocky Mountain Institute, Re-defining and Delivering Thermal Comfort In Buildings, 2016

Image Credit: Robert Bean, free use granted when credited

How does ASHRAE Standard 55 function 
as a roadmap for integrated design?
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What are the four pillars of thermal 
environmental conditions? 

¶ Specifically, adjacent 

properties, predominant 

winds and precipitations, 

building geometry, 

orientation, window-to-

wall ratios, solar loading, 

shading, and color.

¶ Specifically, elements 

associated with heat & 

mass transfer; outside 

wants in, inside wants out.

¶ Driven by differentials in 

pressure, temperature and 

moisture.

¶ Fenestration performance, 

thermal bridging, 

leakage/tightness.

¶ Shading, colors, thermo-

optical characteristics 

(emissivity, absorptivity, 

reflectivity, conductivity).

¶ Geometry and layout of 

interior partitions and 

furnishings.

¶ Convection systems for 

convective problems, 

radiant systems for 

radiant problems, 

hybrids.
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¶ The Objective is to Create Acceptable Indoor Environmental Conditions for the Majority 

of People

¶ Conditions created by a combination of factors.

¶ Factors are ranges of values and NOT specific values.

Important: When the representative occupants' 

met rate is less than 1.3 (e.g., standing, filing, 

typing, reading) and their clo values are less 

than 0.7 (business casual, shorts, light shirt or 

less), local factors MUST BE assessed.

What is the objective 
of ASHRAE Standard 55?
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¶ The Objective is to Create Acceptable Indoor Environmental Conditions for the Majority 
of People

¶ Conditions created by a combination of factors.

¶ Factors are ranges of values and NOT specific values.

¶ Factors fall into three categories.

¶ Personal (metabolic rate, clothing).

¶ General (mean radiant temperature, dry bulb temperature, humidity, air velocity).

¶ Local (floor temperatures, radiant asymmetry, stratification, general draft, ankle draft).

¶ The combination of ranges of factors are indexed to a predicted mean vote (PMV).

¶ PMV is on a 7-point scale, (-3, -2, -1, 0, +1, +2, +3).

¶ Zero (0) represents neutral sensation.

¶ Negative values represent increasing perceptions of cold.

¶ Positive values represent increasing perceptions of warm.

What is the objective 
of ASHRAE Standard 55? (continued)
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When spaces are designed with the 

three categories in mind, getting the 

architecture, enclosure, interior and 

mechanical systems rightéthe 

probability of compliance increases and 

the likelihood of discomfort decreases.

What is one way to increase the 
probability of compliance?
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Heat Transfer Between the Body and the Built 

Environment

¶Appx. 60% by radiation of sensible, appx. 40% of total.

¶Appx. 20% to 25% by respiration/evaporation.

¶Appx. 15% to 20% by convection.

¶Appx. 3% by conduction.

Image Credit: Robert Bean, free use granted when credited

How does heat transfer between 
the body and the environment? 
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credit/source: 2021 ASHRAE Fundamentals Handbook, Chapter 18, Table 1 Available in SI units

How does activity impact heat transfer?
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Thermal Comfort and its Relationship to Building Codes

¶ The general objective of building codes is to mitigate safety hazards and reduce the probability 
that a person is exposed to an unacceptable risk of illness.

¶ Codes DO NOT address levels of dissatisfaction expressed by occupants due to thermal 
discomfort. 

¶ Risk of illness IS NOT the same as risk of discomfort.

¶ Compliance with ASHRAE Standard 55 IS NOT a requirement in building codes unless the 
building codes require compliance with the Standard.

¶ Even though the codes require air temperatures of 22°C (e.g., Canada) and 68°F (e.g., United 
States), they ARE NOT a requirement of ASHRAE Standard 55 and DO NOT serve as a proxy 
for thermal comfort.

¶ The minimums in building codes have become maximums in practice and DO NOT reflect the 
objectives of ASHRAE Standard 55.

¶ Compliance with Standard 55 requires design teams to evaluate up to nine essential 
environmental values and two personal factors.

¶With caveats, the calculations are not tricky and are mainly within the skills of the ordinary 
practitioner.

How does thermal comfort 
relate to building codes?
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Notes on Occupants and Perceptions

A Few Notes on Heat 

Transfer from Occupants 

as it Relates to Their 

Perceptions of Thermal 

Comfort
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Operative Temperature ï What is it, really?

A Note on Operative Temperature

¶ Operative temperature (top) represents the combined influence of the mean radiant temperature 
(MRT) and the dry bulb temperature (tdb) (aka air temperature). 

¶ In many climate zones with high performance architecture and enclosures or in interior spaces 
the mean radiant temperature and dry bulb temperature can be very close in values.

¶ However, with poorer enclosures (e.g., ones with thermal bridging), large window to wall ratios 
(>40%), less than ideal fenestrations especially in extreme climates, the MRT WILL NOT be the 
same as the tdb for those representative occupants adjacent to aggressive (hot and cold) 

surface temperatures.

¶ Shortwave (solar) radiation has a non-trivial impact on the MRT and thus the occupantsô 
perceptions.

¶Several ñauthoritativeò publications have misinterpreted operative temperature substituting it 
with ñoperating temperatureò which has frequently been interpreted by practitioners as ñair 
temperatureò.

¶ñOperating temperatureò IS NOT a metric in Standard 55.

¶ Authors of those authoritative publications are advised to make the necessary corrections.
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What is radiant transfer?

A Note on Radiant Transfer

¶Frequently, manuals and guides use the ñfeeling of the sunò as a means of describing radiant 
heat, BUT this should be clarified for interior spaces and thermal comfortéhereôs why:

¶Technically, there is no ñheatò in radiant; it is electromagnetic energy (EME) converted to/from 
heat when absorbed or released (radiated/emitted) by a surface (aka thermal radiation). The 
electromagnetic energy is described by its wavelength.

¶ The wavelength of solar is shortwave (appx 0.5 ɛm), with a few exceptions the wavelength of 
radiant floor heating and cooling, interior surfaces and the human body are all longwave (appx 
10 ɛm)

¶ In the absence of shortwave (solar) energy, warm interior surfaces DO NOT heat the body per 
se.

¶Warm surfaces (MRT) reduce radiant transfer from the occupant, enabling the person to retain 
their own heat. This retention of heat gives the perception of warmth. 

¶ Cooler surfaces (MRT) promote heat rejection via radiant (negative radiation). The heat leaving 
the occupant via EME provides the perception of cooling comfort.

¶ If the interior surfaces radiated with a shortwave frequency of the sun (as often described), it              
would be wise to leave the building.



ashrae.org/IEQResources28
Table of Contents

Table of Contents

How and why does sweating help?

A Note on Evaporative Cooling 
¶ In aggressive, hot/humid thermal environments, the body will respond 

through vasodilation and sweating.

¶ Vasodilation is the widening of blood vessels to enable more flow to the 
skin. 

¶ For cooling, more blood flow to the skin means more heat is brought to 
the skin surface for release to the environment via radiation and 
convection. This works effectively, provided the surrounding surfaces 
and air are cooler than the skin temperature.

¶ Sweating (also respiration) is a means of cooling the body by releasing 
latent heat via evaporation.

¶ However, for evaporation to occur on the skin, the vapour pressure of 
the room must be lower than that of the skin.

¶ This is where dehumidification is effective. By lowering the absolute 
moisture in the space relative to the skin, latent energy can be released 
from the body via evaporation, which is perceived as cooling comfort.

¶ The perception of evaporative cooling comfort can be enhanced using 
elevated air speeds and lower operative temperatures..
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Why should moisture/humidity 
be managed within (35%-55%)+/-5%?

A Note on Moisture/Humidity: Why Should It Be Managed Within (35%-55%)+/-5%?

¶ To control hydrolysis (VOC emissions).

¶ To control viruses*, bacteria, moulds, mites, and some insects.

¶ To support immune systems and suppress infections.

¶ To enable comfort in mucous membranes (respiratory, eyes (skin)).

¶ To enable positive perceptions of thermal comfort and indoor air quality.

¶ To enable positive perceptions of indoor odour quality.

¶ To enable or suppress evaporative cooling.

¶ To maintain dimensional stability in hygroscopic materials (woods).

¶ To prevent condensation on hydrophobic materials (glass).

¶ To prevent condensation in hydrophilic materials (drywall).

¶ To preserve moisture-sensitive artifacts / collectibles / musical instruments.

¶ To suppress static electricity.

*see ASHRAE Positions on Infectious 

Aerosols and mold and building 

dampness.

https://www.ashrae.org/about/position-documents
https://www.ashrae.org/about/position-documents
https://www.ashrae.org/about/position-documents
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Can we just use a fan?

A Note on Elevated Air Speeds for Cooling Effect

¶ Elevated air speeds increase the conduction/convection of air across the body and 
surfaces in the room. 

¶ When there are vapor pressure and temperature differentials in the 
conductive/convective flow, there will be an increase or decrease in the moisture and 
heat in the air. In this regard, elevated air speeds can change the mass and thermal 
characteristics of the air and surrounding surfaces. 

¶ Such changes in the cooling mode can invoke perceptions of cooling comfort (cooling 
effect). 

¶ In many circumstances, elevated air speeds using ceiling fans (as an example) may 
be sufficient.

¶ Lowering the dry bulb temperature and absolute moisture in conjunction with 
elevated air speeds, may be necessary for more aggressive environments.

¶ However, the first solution for cooling is at design stage. That is to use passive 
solutions before mechanical solutions (refrigerant based or fan based or both). 

¶ Passive solutions include: reducing the solar load on buildings through less window 
area, higher-performance enclosures, exterior shading, and low-emissivity light-
colored exterior surfaces.
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What about opening a window 
or putting on a sweater? 

A Note on Adaptive Comfort and Naturally Ventilated Spaces

¶Tactics for thermally adapting to spaces are considered part of a ñtried and trueò strategy.

¶ Adaptation includes clothing adjustments, shutting off mechanical cooling and opening windows, 

workstation/personal fans and heaters, and relocating to different spaces, working hours which avoid 

extreme temperatures.

¶ A restrictive clothing policy can lead to unnecessarily overcooled spaces to compensate for individuals 

wearing more insulative clothing. Consider changing the clothing policy if it exists. Search ñJapan 

+Cool Bizò

¶ Consider the benefits of exterior shading solutions over interior solutions. 

¶ Use the adaptive assessment procedure outlined in ASHRAE Standard 55 including use of elevated 

air speeds.

¶ Perform post-occupancy surveys with occupants to help identify problems.

¶ For open windows and doors, consider outdoor air, noise, and light pollution and security issues.

¶ Hybrid (mixed mode) approaches should be considered, those buildings with full mechanical systems 

and adaptive strategies including natural ventilation.
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Does it help to give the occupant 
some control?

A Note on Controls and Controllability

¶ Research demonstrates that occupants will perceive improvements in thermal comfort when they 
can control the thermal environmental quality in their spaces.

¶ Contributing to discomfort (and complaints) is the inability to affect thermal change in their personal 
spaces.

¶ Levels of controllability are addressed in ASHRAE Standard 55 (see Control Classifications) and 
include the ability to change the air temperature and airflow in their general shared spaces or 
personal spaces.

¶ The greater the ability for a person to manage their thermal experience the less complaints.

¶ There is ongoing research into Personal Comfort Systems (PCS) which includes using desk fans for 
cooling effects and heated panels for warming feet, legs, seats and backs. These can be stand-
alone solution or integrated into desks and chairs.

¶ During design stages, zoning as part of the control strategy, is an important aspects not to be 
underestimated. Spaces should be zoned based on solar orientation, who is the room, what will they 
be doing, what will they be wearing, what are the extraordinary loads such as solar and IT/AV office 
equipment; space geometry changes including elevations and floor plates, and changes to interior 
systems.

¶ The fewer the controls and greater the number of occupants in mixed spaces, the greater the 
odds of complaints.
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Why Thermostat 

Wars Exist

Thermostats do not sense 

what people fully experience.

Thermostats do not know what 

people are wearing nor what 

they are doing.

Thermostats do not represent 

the combination of factors at 

the location of the 

occupantsé(mean radiant 

temperature, humidity, air 

speed, general and ankle 

drafts, temperature 

stratification, floor 

temperatures, radiant 

asymmetry).

33

Why Thermostat Wars Exist

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/

Adapted Image Credit: Robert Bean, free use granted when credited

Thermostats do not 

sense what 

occupants' sense.

Observations

One strategy to have 

thermostats become a 

reasonable proxy for thermal 

comfort is to eliminate 

thermal flaws created by poor 

architecture, enclosures and  

interior systems. Solve 

convective problems with 

convective solutions, radiant 

problems with radiant 

solutions, then encourage 

adaptive behaviours and 

solutions.

These occupants do not 

share the same thermal 

experience.
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Real World Examples of What NOT to Do

ASHRAE Standard 55 Metrics 

Project Photos and Notes on Failure to 

Comply
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What about putting a 
lock on the thermostat? 

Dry Bulb Temperature & Operative Temperature

Unless designed for operative temperature (MRT with tdb), 

traditional thermostats only manage the air temperature 

(tdb). It is often the only connection between occupants 

and their perception of thermal comfort, even though it 

does not represent the required combination of thermal 

comfort metrics. Nor do thermostats represent the 

conditions at the location of the occupants. As such, 

thermostats have become fodder for the thermostat wars 

and the reasons for locking them behind protective 

covers, often accompanied by threatening notes.

Reminder: Using air temperature as a proxy for thermal 

comfort is akin to calling baking soda a cake.

Photo Credit: Robert Bean, free use granted when credited
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Does it help to trick the thermostat? 

Dry Bulb Temperature & Operative Temperature

Here is the consequence of an overcooled conference space 

where the occupants' hung bags of ice over the top of the air 

temperature sensor to ñtrickò the cooling system into turning 

off. It was in an interior space with no external radiant energy 

source, thus was an air(dry bulb) temperature issue. There 

could be numerous reasons for this overcooled setpoint, from 

lower-than-anticipated occupancies to a poorly set up BMS 

system.

Photo Credit: Robert Bean, free use granted when credited
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Whatôs the impact of window to wall ratio? 

Mean Radiant Temperature & Operative Temperature

A significant source of discomfort is due to window-to-wall 

ratios and fenestration performance. These lead to 

unnecessarily high mean radiant temperatures, which can 

cause overheating. To compensate, dry bulb temperatures are 

kept unnecessarily low, which can lead to further discomfort 

from low dry bulb and radiant asymmetry. In the winter, in the 

absence of solar, such configurations lead to unnecessarily low 

mean radiant temperatures. To compensate, dry bulb 

temperatures are kept high, which lowers the relative humidity 

and causes stratifications and down drafts off windows.

Exterior shading is non-existent and likely insulated interior 

shades are absent as well.

Photo Credit: Robert Bean, free use granted when credited
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What about blankets or personal heaters?

Mean Radiant Temperature & Operative Temperature

Modern multi-purpose, multi-story high rise with 100% window-

to-wall ratio in the lobby. The outdoor air temperature was -

30°C /-22°F with the dry bulb temperature set to 22°C / 72°F, 

but the mean radiant temperature was approaching 15°C/60°F. 

The down draft and stratification pulled the air temperature to 

17°C/63°F (determined by the thermostat located 20ft/6m from 

the exterior), well below the building code requirement. The in-

floor convective units were incapable of compensating for the 

downdraft. The concierge tried to adapt for discomfort (ankle 

draft, general draft, mean radiant) with heavier clothing and a 

personal heater, which provided some warmth but not comfort 

and contributed further to radiant asymmetry. 

Photo Credit: Robert Bean, free use granted when credited
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Whatôs the best strategy 
to solve convective problems?

Mean Radiant Temperature & Operative Temperature

Frequently, convective solutions are used with poor results 

to solve radiant problems. That is, to move air through a 

space of sufficient temperature and quantity to counter the 

effects. However, the radiant exchange between a person 

and a surface will happen regardless of the characteristics 

of the air. Such compensation contributes further to 

discomfort, just as trying to solve convective problems is 

ineffective using radiant.

The best strategy is to solve convective problems with 

convective solutions and radiant problems with radiant 

solutions, which starts with the architecture, enclosure 

and interior systems, then, if necessary, 

with radiant cooling and heating 

systems (as shown).

Photo Credit: Robert Bean, free use granted when credited
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How does radiant asymmetry 
impact comfort?

Radiant Asymmetry and Floor Temperature

Anytime there is a horizontal or vertical surface 

temperature difference, the resulting radiant 

asymmetry can cause discomfort. This is often 

associated with mean radiant temperature issues. 

Radiant cooling and heating systems (as shown) 

can help compensate for these radiant issues. 

Ideally, the architectural and enclosure problems 

should be identified before the final mechanical 

design. Here, the glass block wall created a low 

surface temperature relative to the interior. To 

compensate, the staircase was turned into a 

radiator, and the floors were heated to influence the 

mean radiant temperature.

Photo Credit: Gary Hayden, free use granted when credited
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What are some issues with attempting 
to compensate for non-compliance? 

Mean Radiant Temperature / Stratification / Down Draft

Here, a modern high-rise condominium has thermal 

problems caused by large window-to-wall ratios, down 

drafts, and stratifications. To compensate, dry bulb set points 

were kept above 22°C/ 72°F, lowering relative humidity and 

increasing stratifications and radiant asymmetry. 

Humidification was added to compensate, which led to 

condensation on the glass and sills. 

All of this discomfort occurred while the thermostat reading 

was still compliant with building codes but not with ASHRAE 

Standard 55.

Photo Credit: Robert Bean, free use granted when credited
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Is it possible to have compliant 
temperature and non-compliant IEQ?

Stratification / Draft / Mean Radiant Temperature

The same modern high-rise housing project had thermal 

bridging issues at the ceiling/floor intersection and 

underwhelming glazing performance, which lowered the 

mean radiant temperature. This combination, in 

combination with a forced air heating system, affected the 

buoyancy of the air, causing general and ankle drafts, 

stratifications and non-compliant operative temperatures. 

The thermostat controlled the air temperature in 

compliance with the building code, but the ñenvironmentò 

failed to comply with ASHRAE Standard 55.

Photo Credit: Robert Bean, free use granted when credited
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How can stratification impact comfort?

Stratification

Aggressive stratification across an occupant causes 

discomfort. It is caused by stack effects/changes in density, 

which affects its buoyancy. Cool, denser air has a lower 

buoyancy, and its downward pressure puts upward pressure 

on warmed, less dense air with a higher buoyancy (as 

shown in the photo, displacement of the flag). The upward-

motivated mass of air comes in contact with cold surfaces 

(conduction) at the ceiling and walls, changing its buoyancy 

(convection), and the cycle of stratification and down drafts 

continues. With caveats, so long as there are motive forces 

within the space or between the inside and outside (density 

differentials), there will be changes in buoyancy.

Photo Credit: Robert Bean, free use granted when credited
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What about drafts?

General Draft

Infiltration (inside pressure lower than outside pressure) and 

thermal bridging are shown here. Both contributing to drafts 

and lower mean radiant temperature.

This discomfort is experienced while the thermostat holds 

22°C/72°F air temperature in compliance with building codes. If 

the air temperature is raised to compensate, the consequences 

are lower relative humidity, greater stratifications and radiant 

asymmetry.

Photo Credit: Bob Rohr, free use granted when credited
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Examples and Notes on Non-Compliance

Ankle Draft

Relative to the cold surface temperature of the glass, 

warm air conducts its heat to the glass, changing its 

density. Shown here, the blind serves as a chimney 

guiding a plume of cold air down and across the floor, 

resulting in an ankle draft. It also amplified stratifications 

and radiant asymmetry.

All of this discomfort while the thermostat maintained 

22°C/72°F air temperature in compliance with building 

codes but not in compliance with ASHRAE Standard 55.

Photo Credit: Robert Bean, free use granted when credited
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Why not just tape over the diffuser? 

General Draft / Air Velocity

Here, the dumping of cold air over the office workers 

motivated the staff to tape over offending sections of the 

diffusers, which created further problems in the office 

space. This became a cat-and-mouse game with 

building maintenance staff, who removed the tape on 

the weekends. Subsequently, staff replaced the tape on 

Monday mornings. To tape up the diffuser, staff had to 

first stand on the chairs and then stand on their desks to 

reach the ceiling.

The sensor for the BMS was in an adjacent south-facing 

space flooded with solar energy for most of the day, 

causing sustained non-representative feedback to the 

HVAC system. It met the building codes but did not 

comply with ASHRAE Standard 55.Photo Credit: Robert Bean, free use granted when credited
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Whatôs a practical example 
of architectureôs impact?

Floor Temperature, Ankle Draft & Radiant Asymmetry

This cold floor shown here, results from structural balconies 

coupled to the interior slab without thermal breaks. The balcony 

slab acts as a cooling fin, conducting heat from the interior 

space to the exterior, lowering the floor temperature and 

contributing to discomfort. With elevated humidity, this would 

also lead to condensation on the floor. It also amplifies ankle 

drafts, stratifications, and floor-to-ceiling radiant asymmetry. 

The reverse is true in the summer, especially on balconies 

exposed to solar radiation (EME). EME absorbed by the 

concrete gets conducted as heat to the interior cooled space, 

adding to the load. All of this discomfort while the thermostat 

maintained 22°C/72°F air temperature in compliance with 

building codes but not in compliance with ASHRAE Standard 

55.
Photo Credit: Robert Bean, free use granted when credited
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What about relative humidity? 

Relative Humidity

ASHRAE Standard 55 does address humidityôs role in 

thermal comfort, although the standard does not regulate 

minimums or maximums. These become more important 

in indoor air quality and the building and health sciences. 

The challenge in using humidity as a compensatory 

strategy is the unintended consequence of setting up 

potential condensation on colder surfaces and inside 

enclosure cavities. Here, the lower-performing glass led to 

downdrafts, low MRT and radiant asymmetry. To 

compensate, the air temperature was raised, but this 

caused further stratifications and lowered the relative 

humidity, so humidity was increased, which led to the 

condensation. The space complied with building 

codes but not ASHRAE Standard 55.

Photo Credit: Robert Bean, free use granted when credited
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Assessment of Metrics and Architecture

Considerations for the Metrics of 

ASHRAE Standard 55 When Evaluating 

Architecture for Compliance
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Assessment of Metrics and Architecture

Examples of Building Orientations, Window-to-wall Ratio, Clothing, 

Met Rates and Seasonal Changes 

¶ The first step in addressing thermal comfort challenges is to understand the scope of the challenge.

¶ There is a high probability that the architecture, enclosure, interior and mechanical systems were never designed, 

constructed and commissioned to comply with ASHRAE Standard 55.

¶When observing a space, consider the relationships between people and their surroundings, including their 

clothing and activities.

¶ Visualize how solar loading on a building and through its windows affects the space differently throughout the 

year, day, and hour. 

¶With caveats, it is important to remember that approximately 40% to 60% of the energy exchanged between 

occupants and their environment occurs via radiation. In contrast, thermostats or room sensors typically only 

measure air temperature via convection, which accounts for about 15% of heat transfer. Also, the location of the 

sensor does not represent the combination of thermal factors at the location of the occupant.

¶ In specific interior spaces, especially those with minimal solar gains or spaces designed for                               

high performance, the radiant and air temperatures (operative temperature) can be similar.
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Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp.

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative 

Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

Assessment of Metrics and Architecture

different clothing 

different activities

very high window to wall ratio

potential radiant & draft problem for 

adjacent occupants

Adapted Image Credit: Robert Bean, free use granted when credited

Shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

Assessment of Metrics and Architecture 
continued

large WWR frequently leads to 

down drafts (general and 

ankle) in cold climates

window framing 

insulation value is only 

slightly better than 

glass

Adapted Image Credit: Robert Bean, free use granted when credited

Shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

Assessment of Metrics and Architecture 
continued

can cause year-round 

overheating

can lead to condensation

inside daytime glass å 

temps > 100F/38C

nighttime <60F/16C

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

Assessment of Metrics and Architecture 
continued

modest window to wall 

ratio = reduced mean 

radiant problem

exterior solar shading 

generally better than 

interior shading

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

Assessment of Metrics and Architecture 
continued

modest WWR enables sufficient 

natural daylighting

control humidity when 

able & necessary                

(35% to 55%) +/-5%

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Assessment of Metrics and Architecture 
continued

Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

consider strategies to reduce 

air temp. stratification and 

dumping/pooling

(ADPI)

as air approaches 

cooler exterior 

surfaces, rh% 

increases

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/

Adapted Image Credit: Robert Bean, free use granted when credited
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Assessment of Metrics and Architecture 
continued

Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

elevated humidities 

can prevent 

evaporative cooling 

from the body

consider elevated air speeds to 

offset refrigerant cooling

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Assessment of Metrics and Architecture 
continued

Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

high performance 

enclosures reduce 

mean radiant problems

glass can create radiant 

asymmetry problems

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Assessment of Metrics and Architecture 
continued

Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

use convective solutions 

for convective problems

use radiant solutions for 

radiant problems

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Assessment of Metrics and Architecture 
continued

Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

persons in a space for 

less than 15 min are 

not representative

occupants

if wearing light clothes 

and doing light work 

assess local factors

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/



ashrae.org/IEQResources61
Table of Contents

Table of Contents

Assessment of Metrics and Architecture 
continued

Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

lighter colours have lower 

radiant absorptivity

darker colors have higher 

radiant absorptivity

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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Assessment of Metrics and Architecture 
continued

Personal Factors

Metabolic Rate

Clothing Value

General Factors

Mean Radiant Temp.

Dry Bulb Temp.

Humidity

Air Velocity

Local Factors

Stratification Temp

General Draft

Ankle Draft

Floor Temp.

Radiant Asymmetry

Key Points

Representative 

Occupant

>15Min

Local Assessment  if

Met <1.3 & Clo <0.7

Methods

Analytical

Adaptive

Other Considerations

Absorptivity, Emissivity

Shortwave Radiation

Shading & Windows

Glazing Performance

Elevated Air Speed

Temp. Ramps

Temp. Drifts

warm surfaces enable 

body heat retention

cooler surfaces promote 

body heat rejection

Adapted Image Credit: Robert Bean, free use granted when credited

shoebox model credit: https://andrewmarsh.com/software/daylight-box-web/
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What is the Online Thermal 
Comfort Tool and how can it help? 

ASHRAE Standard 55 

Online Thermal Comfort Tool

For Design and Evaluation

Center for the Built Environment, University of 

California Berkeley, hosts a compliance tool for 

ASHRAE Standard 55, which represents the most 

current published version of the Standard.
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First, a quick disclaimeré

IMPORTANT

For building owners, operators and occupants, it's one thing for people to express thermal discomfort 

and another to try to understand where that discomfort comes from. The online thermal comfort tool 

can help identify problems under steady-state conditions. It can represent a single snapshot or can 

be used to compare up to three scenarios. For a broader understanding of space, populate the inputs 

using values derived from strategic days and hours of the year.   It is a practical tool for assessing 

preliminary architectural, enclosure and interior systems during the design stage or to evaluate 

existing spaces. It does not do transient analysis, though more sophisticated tools exist for advanced 

modelling. There are help files for new users to assist in the inputs and interpreting outputs.
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Whatôs in the Thermal Comfort Tool?

Free Accessible Thermal Comfort Tool

¶ https://comfort.cbe.berkeley.edu/

¶ Inputs for

¶ Personal Factors

¶ General Factors

¶ Local Factors

¶ Calculator

¶ Clothing Predictor

¶ Solar Gain Calculator

¶ Additional Calculators

¶ Mean Radiant Temperature

¶ Ceiling Fan Influencer

¶ Dual units (SI and I-P), examples shown in I-P Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center 

for the Built Environment, Adapted Credit: Robert Bean, free use 

granted when credited

https://comfort.cbe.berkeley.edu/
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Thermal Comfort Tool : Case Study 1

Shows compliance

Occupant within the 

environmental 

boundaries of 

compliance.

The entered air temperature 

(tdb) is similar to the MRT, 

indicating a higher-

performing exterior zone or 

interior zone. The airspeed 

is unremarkable. The 

humidity is in the lower  

range. The met rate and 

clothing indicate a typical 

home office or office with a 

relaxed clothing policy.

Case Study 1

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited
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Thermal Comfort Tool : Case Study 1

Shows non-

compliance due to 

clothing and met rate
Local discomfort assessment. 

Threshold values for non-

compliance are shown. Values 

can be calculated, measured, or 

simulated using CFD.

Ankle drafts are often associated 

with winter and are caused by 

warm air coming into contact 

with cold surfaces (glass), 

changing its buoyancy or 

displacement ventilation 

systems.

Case Study 1 ï Part 2a

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited
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Thermal Comfort Tool : Case Study 1 
continued

Shows non-

compliance due to 

clothing and met 

rate

Local discomfort assessment. 

Vertical temp. differences are 

caused by buoyancy & stack effect 

& are associated with building 

performance & HVAC system type. 

Cool floor temps are influenced by 

back loss, usually due to 

inadequate or no insulation. High 

floor temps usually due to solar 

gains. Both can be managed with 

radiant floor systems.

Case Study 1 ï Part 2b

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited
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Thermal Comfort Tool: Case Study 2 

The MRT is lower than tdb , 

which is normal for buildings, 

even those with higher-

performance enclosures, in 

cold to moderate climates. 

Airspeed is unremarkable. 

Humidity is in an acceptable 

range. Met rate is below 1.3, 

and clothing is below 0.7. In 

this scenario, local discomfort 

must be assessed.  

Shows non-compliance

Occupant outside the 

environmental boundaries 

of compliance.

Case Study 2 ï Part 1

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited
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Thermal Comfort Tool: Case Study 3 

Shows compliance

Occupant within the 

environmental 

boundaries of 

compliance.

The tdb value equals MRT, 

indicating a higher-performing 

exterior zone in a moderate 

climate or interior zone. The 

airspeed is unremarkable. The 

humidity is in the mid-preferred 

range. The met rate and clothing 

indicate a typical home office or 

traditional 

officeéHOWEVERéwhat if 

there is influence due to solar 

gains through a window?

Case Study 3 ï Part 1

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited
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Thermal Comfort Tool: Case Study 3 
continued

Shows compliance 

without adjustment for 

shortwave radiation.

Mean radiant 

adjustment due to 

shortwave.

The solar calculator 

develops an adjusted 

mean radiant (MRT) due 

to shortwave radiation 

entering a space through 

a window and landing on 

an occupant. Here, the 

adjustment is 27.5°F 

(15°C)

Case Study 3 ï Part 2

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited
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Thermal Comfort Tool: Case Study 3 
continued

When the MRT is adjusted 

by solar gains, the impact is 

non-trivial. It makes an 

otherwise compliant space 

noncompliant. This is why 

fenestration systems must 

be evaluated before design 

approval and construction. 

Consequently, buildings are 

operated cooler than 

necessary to compensate 

for solar gains.

Shows non-compliance 

when solar gain is 

considered.

Occupant outside the 

environmental 

boundaries of 

compliance.

Case Study 3 ï Part 3

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited
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Thermal Comfort Tool: Case Study 4

This is a summer scenario 

with higher tdb and MRT. 

Airspeed is unremarkable. 

Humidity is in the preferred 

mid range. However, higher 

met rates and office attire 

will lead to dissatisfaction 

and non-compliance due to 

the conditions. Option #1 is 

to dehumidify the space.

Shows non-compliance

Occupant outside the 

environmental 

boundaries of 

compliance.

Case Study 4 - Part 1

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited
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Thermal Comfort Tool: Case Study 4 
continued

By taking the humidity 

down by 10%, from 50% 

to 40%, there is a lower 

probability of occupant 

discomfort. Another option 

is to elevate the air speed 

across the occupants.

Shows compliance

Occupant inside the 

environmental 

boundaries of 

compliance.

Case Study 4 ï Part 2

Graphic source:  ASHRAE Thermal Comfort Tool, Hosted by Center for the Built Environment, Adapted Credit: Robert Bean, free use granted when credited


















































