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WISCONSIN HEALTHCARE ENGINEERING ASSOCIATION (WHEA)

Operating Room Temperature and Humidity Control

Webinar: July 12, 2018
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Why do we care about OR temperature and humidity control?

How do we meet OR temperature and humidity requirements? 

How do we control OR temperature and humidity?

How can we save energy and operational costs while maintaining OR temperature and humidity?

Agenda
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Why do we care about OR 
temperature and humidity control?
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Why do we care about OR temperature and humidity control?

• Code Requirements

• Surgical Procedure Requirements

• Equipment Requirements

• Infection Control

• Surgeon Comfort
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

Image Source: Facilities Guidelines Institute (FGI)
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

Image Source: ASHRAE 
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

Image Source: ASHRAE 170-2013

ASHRAE 170-2013 Space Design Parameters Table 7.1:
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Why do we care about OR temperature and humidity control?

68°F - 75°F 

20% - 60% RH

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

ASHRAE 170-2013 Design Parameters for OR’s:
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Why do we care about OR temperature and humidity control?

Table 7.1, Note l: 
Systems shall be capable of maintaining the rooms 
within the range during normal operation. Lower or 
higher temperature shall be permitted when patient 
comfort and/or medical conditions require those 
conditions

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

ASHRAE 170-2013 Space Design Parameters Table 7.1:
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

Image Source: Artic Sun Temperature Management System Image Source: IOB Medical
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

Image Source: Affiliated Engineers, Inc.
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

Equipment Requirements:
65°F - 71°F

40% - 60% RH

ASHRAE 170 Requirements:
68°F - 75°F

20% - 60% RH

Image Source: Siemens Healthcare
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

• Most common type of HAI: Pneumonia and 
surgical site infection (SSI)

• Direct costs associated with HAI: $28.4-$45 Billion 
(Scott, CDC Paper, 2012)
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort
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Why do we care about OR temperature and humidity control?

• Surgeon discomfort is an infection risk
• Sweating

• Exasperation

• Concentration

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

Illustration © Affiliated Engineers, Inc.
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Why do we care about OR temperature and humidity control?

• Code 
Requirements

• Surgical 
Procedure 
Requirements

• Equipment 
Requirements

• Infection 
Control

• Surgeon 
Comfort

Per ASHRAE 170, Table 7.1, 
note (o):

Surgeons or surgical 
procedures may require room 
temperatures, ventilation 
rates, humidity ranges, and/or 
air distribution methods that 
exceed the minimum 
indicated ranges.

Illustration © Affiliated Engineers, Inc.
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How do we meet OR temperature 
and humidity requirements?
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Sources of Heat

How do we meet OR temperature and humidity 
requirements?

• Occupants

• Lights

• Equipment

Sources of Humidity

• Occupants

© Tom Rossiter Photography
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Example Hospital

10’-0” Ceilings

10 People 

2 W/SF Lighting

12 W/SF Equipment 

42°F Chilled Water

10 psi Low Pressure 
Steam

160°F Heating Hot 
Water

Image Source: Affiliated Engineers, Inc.
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Standard Operating Room
68°F and 30% to 60%RH
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Standard OR
University of Colorado Health, Longs Peak Hospital

Image Source: Affiliated Engineers, Inc.
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What is your primary means of 
maintaining temperature in an 
operating room?
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Typical OR Ceiling
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Standard Operating Room

• Cooling Airflow Required:
o Sensible load: 31,500 BTU/H
o Load=1.085xCFMx(68°F– 55°F) [50°F Leaving the Cooling Coil + Fan Heat]

oRoom Airflow=2,200 CFM → Does not meet FGI requirements!

• Code Required Airflow:
o700x10x20/60 = 2,400 CFM

• Sources of Heat 
and Humidity

• Standard OR 

• Hybrid Imaging 
OR

• Cardiovascular
OR

• C-Section OR

68°F, 30%-60% RH
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Standard Operating Room - Psychrometrics

• Cooling coil leaving air 
dewpoint must be less than 
51°F
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Hybrid (Imaging) Operating Room
65°F and 30% to 60%RH
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Image Source: Affiliated Engineers, Inc.

Hybrid OR
Houston Methodist Hospital, Walter Tower
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Hybrid Imaging OR

Standard OR 

65°F, 30%-60% RH

• Sources of Heat 
and Humidity

• Standard OR 

• Hybrid Imaging 
OR

• Cardiovascular 
OR

• C-Section OR

Image Source: Siemens Hybrid OR
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Image Source: Siemens Hybrid OR

• Sources of Heat 
and Humidity

• Standard OR 

• Hybrid Imaging 
OR

• Cardiovascular 
OR

• C-Section OR
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Hybrid Imaging OR 65°F, 30%-60% RH

• Cooling Airflow Required:
o Sensible load: 50,000 BTU/H
o Load=1.085xCFMx(65°F– 52°F) [47°F Leaving the Cooling Coil + Fan Heat]

oRoom Airflow=3,600 CFM → 25 ACH →More than FGI 
requirements!

• Code Required Airflow:
o700x10x20/60 = 2,400 CFM

• Sources of Heat 
and Humidity

• Standard OR 

• Hybrid Imaging 
OR

• Cardiovascular 
OR

• C-Section OR
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Hybrid Imaging OR

• Cooling coil leaving air 
dewpoint must be less than 
48°F
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Cardiovascular (Low Temperature) 
Operating Room
60°F and 30% to 60%RH
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Image Source: Affiliated Engineers, Inc.

Cardio OR
Houston Methodist Hospital, Walter Tower
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Cardiovascular OR 60°F, 30%-60% RH

• Sources of Heat 
and Humidity

• Standard OR 

• Hybrid Imaging 
OR

• Cardiovascular 
OR

• C-Section OR

• Cooling Airflow Required:
o Sensible load: 45,000 BTU/H
o Load=1.085xCFMx(60°F– 48°F)[37°F Leaving Cooling Coil +Reheat+ Fan Heat]

oRoom Airflow=3,400 CFM → 25 ACH →More than FGI 
requirements!

• Requires low temperature chilled water to hit space dew point 
condition

• Code Required Airflow:
o700x10x20/60 = 2,400 CFM
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Cardiovascular OR

• Cooling coil 
leaving air 
dewpoint must 
be less than 
38°F
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Methods to address the strict dehumidification requirement 
will be addressed in the next section of the presentation

Cardiovascular OR 60°F, 30%-60% RH

• Sources of Heat 
and Humidity

• Standard OR 

• Hybrid Imaging 
OR

• Cardiovascular 
OR

• C-Section OR
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C-Section Operating Room
80°F and 30% to 60%RH
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Tricia Shay Photography

C-Section OR
UnityPoint Health-Meriter
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• Sources of Heat 
and Humidity

• Standard OR 

• Hybrid Imaging 
OR

• Cardiovascular 
OR

• C-Section OR

C-Section OR

Design Considerations in a C-Section (High Temperature) OR:

• Heating Setpoint

• Response time in heating the OR

• Steam heating coils vs. hot water coils 

• Humidification

80°F, 30%-60% RH
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C-Section OR 80°F, 30%-60% RH

Rooms at higher setpoints will require more humidified air delivered to the 
space:

• Sources of Heat 
and humidity

• Standard OR 

• Hybrid Imaging 
OR

• Cardiovascular 
OR

• C-Section OR
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How do we control OR 
temperature and humidity?
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Single Zone Operating Room Temperature Control

Single Zone OR without Terminal Devices
• One AHU per OR
• Temperature Control/Dehumidification/

Humidity Control all occur at the Air 
Handling Unit

• Airflow to the OR is directly controlled by 
AHU fans

• System is Pressure Dependent
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Single Zone Operating Room Temperature Control

Single Zone OR with Terminal Devices
• One AHU per OR with Supply and Return 

Terminal Units
• Constant Discharge Temperature from the 

AHU and the Terminal Unit modulates to 
maintain OR temperature/airflow

• Humidity Control is through AHU 
humidifier

• Dehumidification is through AHU cooling 
coil

• Airflow to the OR is controlled by the 
respective Terminal Units

• System is Pressure Independent
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Air Handling Unit – Control Drawing

Temperature 
Control
Humidification 
Control
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Operating Room Sensor Location

Location of 
Temperature/Humidity 
sensor is critical in 
maintaining precise OR 
space conditions
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Operating Room Sensor - Recommended Location

Location of 
Temperature/Humidity 
sensor is critical in 
maintaining precise OR 
space conditions
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Operating Room Control Panel

Example: CRC OR Control PanelExample: Siemens OR Control Panel
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Single Zone Operating Room Temperature Control

Cooling Coil Control Operation

• Cooling Coil Control valve modulates flow 
to maintain a certain discharge air 
temperature leaving the Coil

• Cooling Coil is the “primary” means of 
dehumidification
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Air Handling Unit – Humidifier Location

• Humidity Control – Humidifier Downstream of Final Filter
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Air Handling Unit – Humidifier Location

• Humidity Control – Humidifier Upstream of Cooling Coil
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Multiple Operating Room Air System Control

Multizone Air Handling Unit System:

• A single air handling unit serving multiple operating rooms

• ASHRAE 170 requires each operating room to have individual temperature 
control
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Multiple Operating Room Air System Temperature Control

Air Terminal and 
Reheat Coil

Temperature and 
Humidity Sensor 
Locations

OR Control Panel 
Location

Averaging Type 
Humidity Sensor 
Location in 
Common Return 
Duct
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Multiple Operating Room Air System Temperature Control

• Multizone Zone AHU – Temperature Control – Air Volume Control
• VAV boxes / Venturi valves

Venturi valve VAV box
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Room Level Control Drawing
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Constant Volume vs. Variable Volume Control Sequence

Constant Volume Supply Terminal with Reheat and Return Terminal
• Airflow Control

o Supply Air Terminal is balanced to the scheduled airflow, airflow 
sensor in the Supply Air Terminal measures the supply flow rate 
continuously 

o Return Air Terminal is balanced to scheduled airflow and Terminal 
Controller calculates the required Return airflow rate to maintain 
predetermined offset and positive pressure in the OR. Return Air 
Terminal Actuator modulates to maintain offset.

• Temperature Control
o Temperature Sensor in Return duct measures OR space 

temperature and modulates reheat coil valve through the Air 
Terminal Controller. If the space temperature drops below 
setpoint, the reheat coil valve modulates open and If the space 
temperature rises above setpoint, the reheat coil valve modulates 
closed

Variable Volume Supply Terminal with Reheat and Return Terminal
• Airflow Control

o Supply Air Terminal is balanced to the scheduled airflow, airflow 
sensor in the Supply Air Terminal measures the supply flow rate 
continuously. Supply Air Terminal Damper modulates between 
maximum and minimum to maintain space temperature and code 
required air changes. 

o Return Air Terminal is balanced to scheduled airflow and Terminal 
Controller calculates the required Return airflow rate to maintain 
predetermined offset and positive pressure in the OR. Return Air 
Terminal Damper modulates in sync with the Supply Terminal Damper 
to maintain predetermined offset.

• Temperature Control
o Temperature Sensor in Return duct measures OR space temperature 

and modulates Supply Terminal Damper and reheat coil valve through 
the Air Terminal Controller. If the space temperature drops below 
setpoint - first the Supply Terminal damper is modulated to minimum 
position, and if the space temperature continues to drop then the 
reheat coil valve modulates open. If the space temperature rises 
above setpoint, the reheat coil valve modulates closed first, and if the 
space temperature continues rising the Supply Damper modulates 
from minimum to maximum position.
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Variable Volume Airflow Control

•
Varying Airflow Pros:
• Saves energy – close to 30% 

reduction in CFM

Varying Airflow Cons:
• May result in uneven temperature 

profile
• May cause disruption in airflow 

pattern
• Room pressurization control 

needs to be designed carefully

Varying Airflow – CFM reduction:
• Can vary from cooling airflow down to 

code required airflow
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Multiple Operating Room Air System Humidity Control

• Multizone Zone AHU – Humidification  Control 

• Humidifier at AHU

• Individual Room Humidifiers
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Humidifier at AHU

• Humidity Control – Humidity Sensor Location

Humidifier Control:
• Steam Control 

Valve modulates 
to maintain return 
humidity setpoint

• As RH falls below 
setpoint, steam 
valve opens. If RH 
starts going above 
setpoint, steam 
valve closes
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Humidity Control - Psychrometrics
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Multiple Operating Room Air System Humidity Control

Different Operating Rooms may have different humidity requirements, but…
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Multiple Operating Room Air System Humidity Control

…a single, central humidifier can only control to one humidity level
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Multiple Operating Room Air System Humidity Control

Multizone Zone AHU – Duct Mounted 
Humidifier

Each OR can control humidity individually

AHU Humidifier humidifies to a standard 
RH – say 20% and the dedicated booster 
humidifier can add additional humidity 
based on requirements
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Multiple Operating Room Air System Humidity Control

Booster Humidifiers are controlled 
off of return humidity sensors in 
each return duct giving each OR 
the ability to control the RH
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Booster Humidifier  - Psychrometrics
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Multiple Operating Room Air System Humidity Control

Having one humidifier per room allows for each room to be controlled to their own humidity 
level, but:

…more steam piping, condensate removal, and maintenance required.
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Operating Room Low Temperature Control

To reach low temperature setpoints (60°F) in operating room we need to cool 
the supply air down significantly for cooling and dehumidification: 
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Low Temperature OR – Psychrometrics
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Operating Room Low Temperature Control

Low Temperature Chilled Water System
• Cool air to required dewpoint (38°F) for dehumidification

• Reheat air to 45°F to 48°F for comfortable discharge air temperature, avoid ductwork 
condensation, and increased insulation requirements
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Operating Room Low Temperature Control

Low Temperature Chilled Water System

• Lower Chilled water supply temperature between 
30°F to 39°F 

• Lower temperatures run risk of freezing coils.

• Glycol may be required for water temperatures less 
than 34°F

• Results in use of Low Temperature Chillers.
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OR AHU with Low Temperature Coil – Control Drawing

Primary Cooling 
Coil

Low Temperature 
Cooling
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Operating Room Low Temperature Control

Low Temperature Cooling Coil Option

• Primary Cooling Coil cools and removes 
moisture from the airstream,

• Low Temperature Cooling Coil is needed 
to further “dehumidify” the air to meet 
space conditions

• Since the Air Leaving the Low 
Temperature Cooling Coil is too cold, it 
needs to be heated up to a reasonable 
AHU discharge temperature 
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Operating Room Low Temperature Control – Psychrometric 
Analysis
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Desiccant Wheel Option

Desiccant Wheel Operation:

• Point A: Mixed Air at a Lower RH enters 
the desiccant wheel

• Point B: Mixed Air absorbs vapor and 
leaves the wheel at a higher RH

• Point C: Higher RH Mixed Air condenses 
on the cooling coil, reducing Leaving Air 
Temperature and reducing moisture 
(grains)

• Point D: Desiccant Wheel through an 
adsorption process further dries the air 
out to satisfy required space conditions

• An additional trim cooling coil may be 
considered if colder air is required at 
the AHU discharge
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How can we save energy and 
operational costs while 
maintaining OR temperature 
and humidity?
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How can we save energy and operational costs while 
maintaining OR temperature and humidity?

HVAC systems are often the single most energy-intensive component in hospital

Reasons it hard to save energy in operating rooms:

• Surgeries are performed often and at any time

• Required air changes use large amounts of fan energy

• High equipment and lighting loads consume cooling energy

• Often require simultaneous heating and cooling as equipment loads vary

• Sometimes require extreme temperature setpoints



AFFILIATED ENGINEERS, INC.

July 12, 2018 | Slide 78

How can we save energy and operational costs while 
maintaining OR temperature and humidity?

• First goal is to educate users on energy requirements for cooling OR’s to 60 
degrees

• Cooling Airflow Required: 3,400 CFM → 25 ACH

• Code Required Airflow: 2,400 CFM→ 20 ACH 
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How can we save energy and operational costs while 
maintaining OR temperature and humidity?

• Since surgeon comfort and surgical procedures often require the lower 
temperature, what else can we do? 

Operating Room Airflow Setback
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Operating Room Airflow Setback

ASHRAE 170 7.1, a, 3:

….For spaces that require a positive or negative 
relationship, the number of air changes can be 
reduced when the space is unoccupied, provided 
that the required pressure relationship to adjoining 
spaces is maintained while the space is unoccupied 
and that the minimum number of air changes 
indicated is re-established anytime the space 
becomes occupied…



AFFILIATED ENGINEERS, INC.

July 12, 2018 | Slide 81

Operating Room Airflow Setback

• Operating Room Setback

• Reduce air changes when room is unoccupied

• Increase air changes to code required air changes when room is occupied

• Maintain pressurization at all times

• Maintain same temperature and humidity at all times

• Keep one or two OR’s ready at all times for emergencies



AFFILIATED ENGINEERS, INC.

July 12, 2018 | Slide 82

Operating Room Airflow Setback

• What airflow do we setback to?

10 Air Changes

Example 700 SF Operating Room 1200 CFM
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Operating Room Airflow Setback

How to determine if room is occupied or unoccupied: 
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Operating Room Airflow Setback

How to determine if room is occupied or unoccupied: 

• Operating Room Schedule set at BAS
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Operating Room Airflow Setback

How to determine if room is occupied or unoccupied: 

• Operating Room Schedule

• Integration with the Nurse Scheduling Software
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Operating Room Airflow Setback

How to determine if room is occupied or unoccupied: 

• Operating Room Schedule

• Integration with the Nurse Scheduling Software

• Manual Occupancy Override Button in Operating Room
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Operating Room Airflow Setback

How to determine if room is occupied or unoccupied: 

• Operating Room Schedule

• Integration with the Nurse Scheduling Software

• Manual Occupancy Override Button in Operating Room

• Occupancy Sensors
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Operating Room Airflow Setback

There are two types of operating room airflow setback sequences

• Two-Position Constant Volume Setback Control

• Variable Volume Setback Control
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Two-Position Constant Volume Setback Control
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Variable  Volume Occupied with Unoccupied Setback Control
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2-Position Setback Control vs. Variable Volume Setback Control
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Operating Room Airflow Setback

Two Position Constant Volume Setback

• Simpler Controls

• Higher energy consumption

Variable Volume Occupied with Unoccupied 
Setback

• Saves fan energy and reheat energy

• More constant supply temperature
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Operating Room Airflow Setback
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Operating Room Airflow Setback

Reduction in airflow during scheduled 
setback or unoccupied mode can save close 
to 50% airflow, resulting in significant fan 
energy savings

ASHRAE 170 7.1, a, 3:

….For spaces that require a positive or 
negative relationship, the number of 
air changes can be reduced when the 
space is unoccupied, provided that 
the required pressure relationship to 
adjoining spaces is maintained while 
the space is unoccupied and that the 
minimum number of air changes 
indicated is re-established anytime 
the space becomes occupied…

Based on the “2016 Practice Greenhealth
Sustainability Report” :
• HVAC setback in an OR can save close to 

$3,000 per OR.
• Close to 40% of Healthcare facilities have 

the OR unoccupied mode programmed 
as of 2017.



AFFILIATED ENGINEERS, INC.

July 12, 2018 | Slide 96

✓ Why do we care about OR temperature and humidity control?

✓ How do we meet OR temperature and humidity requirements? 

✓ How do we control OR temperature and humidity?

✓ How can we save energy and operational costs while maintaining OR temperature and 
humidity?

Summary
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WISCONSIN HEALTHCARE ENGINEERING ASSOCIATION (WHEA)

Operating Room Temperature and Humidity Control

Webinar: July 12, 2018

THANK YOU!
© Tom Rossiter Photography


