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•  Define and measure thermal comfort. 

•  Understand the value of a thermal comfort analysis 
throughout the design process. 

•  Utilize an energy model as a parametric design tool for 
occupant wellness. 
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The presenter would like to thank the following 
contributors of the presentation: 
 

•  James Gronek, PE, Vice President, LEED AP BD+C: ESD 
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•  Project Description 

•  Thermal Comfort Criteria 

•  Energy Model 

•  Thermal Comfort Cooling Analysis 

–  Methodology, Design Schemes, Peak Day Analysis, Results 

•  Thermal Comfort Heating Analysis 

–  Methodology, Analysis 

•  Conclusions 
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75 Hawthorne SOMA – South of Market Neighborhood 
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•  Study of the 12,000 sf 20th Floor open office at 
75 Hawthorne San Francisco, California. 

•  Unique architectural form: 27’6” floor to ceiling 
height, sloped 100% glazed walls. 

•  Issues with adequately heating and cooling the 
space based on limitations of the existing de-
coupled mechanical systems. 

•  Analyze thermal comfort to reduce cooling 
loads to meet capacity of the systems. 

•  Improving thermal comfort through reducing 
solar heat gain through the windows. 

•  Use energy simulation software to compare the 
effects that different envelope schemes have 
on thermal comfort. 

•  The occupant thermal comfort analysis studies: 
–  Cooling comfort and Heating comfort 
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•  Thermal comfort is the condition of mind that expresses satisfaction with the thermal environment. Can 
be measured in percentage of people dissatisfied or predicted mean vote. 

•  The acceptable thermal comfort range of the space is determined by ASHRAE Standard 55 which 
provides minimum requirements for acceptable thermal indoor environments.   

•  The main variables in determining thermal comfort are: 

–  Air Temperature: The mean dry bulb temperature of the space that the HVAC system maintains. 

–  Operative Temperature: The mean of the room air temperature, surface temperatures, and 
radiant heat exchange occurring in the space. For example,  glazing on a hot day acting as 
a radiator. 

–  Air Speed: The speed of the supply air in the space measured in cubic feet per minute (cfm) or 
meters per second (m/s) 

–  Relative Humidity: The water vapor pressure of the air expressed as a percentage of the 
saturation vapor pressure. 

–  Metabolic Rate: The amount of energy expanded by the occupants of the space based on the 
activity level. 

–  Clothing Level: The insulation level of clothing based on time of year. 
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•  Due to the amount of 
glass and solar radiation, 
the operative 
temperature of the 20th 
floor was analyzed to 
best evaluate thermal 
comfort. 

•  To determine range of 
thermal comfort for a 
space, the Center for the 
Built Environment 
Thermal Comfort Tool 
was used to set a range 
of acceptable operative 
temperatures per ASHRE 
Standard 55-2013. 

•  The summer time 
operative temperature 
range is between 76ºF 
and 82ºF. 
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•  The winter time operative 
temperature range is 
between 69ºF and 76ºF 

•  The main difference in 
the operative 
temperature range is due 
to the clothing level of the 
occupants. 

 



2. 

10 

•  An energy model was 
built using the geometry 
provided to ESD from the 
Revit model. 

•  ASHRAE 90.1-2013 
internal gains for the 
open office were applied 
to all zones. 

•  The HVAC system for the 
space is an Air Handling 
Unit serving variable air 
volume with reheat at the 
interior and variable air 
volume with parallel fan 
powered boxes at the 
perimeter.  

•  The perimeter zone was 
split into three zones to 
model bulk airflow and 
stratification. 
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•  The zone that is analyzed in the cooling study 
is the southeast perimeter zone at the 
occupied level.  

•  The stratified zone is the unconditioned zone 
above the occupied, where the heat stratifies 
due to buoyancy. 

•  The southeast zone was analyzed because it 
has the highest solar gain and operative 
temperature 

•  Any measures to reduce the thermal comfort 
of the worst case, can then be applied to the 
rest of the windows on the perimeter zones.  
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•  The analysis is based on the operative 
temperature conditions when the 
occupied perimeter zone is meeting the 
space temperature set-point of 75ºF. 

•  The first part of the analysis studies the 
following conditions during the peak 
outdoor dry bulb temperature on June 
30th at 12:00pm: 

•  Operative Temperature, Solar Gain, 
Daylight Lux 

•  The second part of the analysis is 
comparing the results for all of the 
design schemes. 

•  The third part of the analysis is 
analyzing the amount of hours the 
design schemes fall within the 
ASHRAE 55 comfort range during the 
summer hours.  

•  The fourth part of the analysis 
compares the annual cooling energy 
for the entire floor 
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•  Existing Building Glazing – Single pane glazing w/ assumed performance. HVAC in conditioned space 
only. 

•  Existing Building Glazing – Single pane glazing w/ assumed performance. Additional air supplied to 
stratified zone. 

•  HVAC in conditioned space with additional air supplied to stratified zone will be used for options 1 – 7. 

•  OPTION 1 – Existing Glazing with 50% frit added to the glazing of the stratified zones only. 

•  OPTION 2 – Existing Glazing with a dual reflective coating added to all of the glazing. 

•  OPTION 3 – Existing Glazing with dual reflective coating added to the glazing of the stratified zones only. 

•  OPTION 4 – Existing Glazing with a low E coating applied to all of the glazing. 

•  OPTION 5 – Existing Glazing with automated roller blinds applied to all of the glazing. 

•  OPTION 6 – Existing Glazing with 50% frit added to the glazing of the stratified zone and automated 
blinds added to the occupied zone glazing. 

•  OPTION 7 – Replace Existing Glazing with electrochromic glazing. 
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•  The zone that is analyzed in the heating study 
is the northeast perimeter zone at the 
occupied level.  

•  The northwest perimeter zone is the area of 
focus because it is the coldest zone on the 
20th floor with the lowest solar gain. 

•  The analysis compares the existing glazing 
versus the new electrochromic glazing 
scheme. 

•  The HVAC systems supply perimeter heat to 
the occupied zone and the first level of the 
stratified zone. 
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•  The analysis is based on the operative 
temperature conditions when the 
occupied perimeter zone meets the 
space temperature set-point of 70ºF. 

•  The analysis examines the following 
conditions based on December 27th, 
the lowest dry bulb temperature day 
per our Department of Energy TMY3 
weather file from the San Francisco 
International Airport. 

•  Operative Temperature, Air 
Temperature 

•  The analysis then examines when the 
operative temperature falls below the 
ASHRAE 55 comfort range during 
lowest outdoor temperature day.  

•  The final part of the analysis compares 
the annual heating energy for the entire 
floor. 
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•  The analysis shows the existing 
glazing (center of glass u-value = 
1.03) results in the operative 
temperature being lower than the 
acceptable range identified in 
ASHRAE 55 during the occupied 
hours of 8:00-11:00am and 
3:00-5:00pm. Although the space 
temperature set-point is met, the 
cold radiation from the glazing 
results in occupant discomfort 
when the solar gain is low. 

•  An insulating dual-pane glazing, 
such as the electrochromic 
glazing with center of glass U-
value = 0.29, reduces the “out of 
range operative temperatures” to 
one half-hour in the morning and 
one in the evening. These hours 
can be rectified through 
optimized scheduling of the 
HVAC systems. 
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•  Cooling Analysis 

–  We found the optimal combination utilizing the existing glazing includes operable reflective 
blinds in the occupied zone and application of a 50% fritted film on the glazing above the 
occupied zone. 

–  We also found replacing the existing glazing with an insulating electrochromic glazing which 
yielded a similar occupant comfort benefit as the blinds/frit film solution. 

•  Heating Analysis 

–  The electrochromic glazing also adds the benefit of being a high performance double-pane 
insulating glass unit which provided both an improvement in occupant comfort as well as a 
significant energy savings over the existing single pane glazing. 

•  Manulife Real Estate and Huntsman Architectural Group priced our two recommended options: 

–  Option 6: Automated blinds at the occupied level + frit at the stratified level. 

–  Option 7: Electrochromic Glazing 

–  Option 6 was selected despite the project pushing for electrochromic glazing. 

–  The price of the infrastructure required to install the new glass was the deciding factor. 
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