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AIA Quality Assurance

The Building Commissioning Association is a Registered Provider 
with The American Institute of Architects Continuing Education 
Systems (AIA/CES). Credit(s) earned on completion of this program 
will be reported to AIA/CES for AIA members. Certificates of the 
Completion for both AIA members and non-AIA members are 
available upon request.

This program is registered with AIA/CES for continuing professional 
education. As such, it does not include content that may be deemed 
or construed to be an approval or endorsement by the AIA of any 
material of construction or any method or manner of handling, using, 
distributing, or dealing in any material or product. 

Questions related to specific materials, methods, and services will 
be addressed at the conclusion of this presentation.
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Commissioning Hospitals

At the end of this session participants will be able to:

1. Identify and use unique systems approaches when 

undertaking an energy optimization project

2. Leverage energy savings approaches specific to in 

healthcare EBCx

3. Apply the latest OR pressurization codes and standards 

for occupied and unoccupied modes

4. Test, commission and optimize pressure dependent 

spaces

Session Learning Objectives

http://www.aia.org/education/
http://www.aia.org/education/
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At the end of this presentation participants will be able to:

Å Understand the general design approach, pressurization 

relationships and codes pertaining to operating rooms 

Å Understand various approaches to setting back 

operating rooms during unoccupied hours and the 

associated codes

Å Review energy savings potential from operating room 

setback

Å Understand building pressurization, and sequences or 

operations (fan tracking) to achieve pressurized 

buildings

Presentation Learning Objectives

http://www.aia.org/education/
http://www.aia.org/education/
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Design, Codes, and Air Changes per Hour (ACH)



Laminar Supply Diffusers above surgical area

HEPA filtration

Supply air washes down over patient and away to corners of OR
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General Design ïSupply Air
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General Design ïReturn Air

Typically 2 or 3 low returns in the corners of OR on opposite sides
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General Design ïSupply Air

SUPPLY AIR FLOW
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General Design ïReturn Air
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General Design ïSupply and Return Airflow
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Whatôs Wrong with this Picture?
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SUPPLY AIR FLOW

BACKWARDS BOX?



12

General Design ïSupply and Return
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SUPPLY AIR FLOW

Supply CFM = 2,080 

(260 x 8)

Returns CFM = 1,800 

(900 x 2)

Air for OR Pressurization 

2,080 ï1,800 = 280 CFM



13

General Design ïAir Changes per Hour

OR = 502 Sq.Ft.

10ô Ceilings = 5,020 FT3

Supply CFM = 2,080 

Air Changes per Hour (ACH) =

2,080 CFM x 60 (min/Hr) / 5,020 FT3

= 25 ACH

= 25 ACH



To conduct commissioning in the healthcare field, the 

provider needs to be intimately familiar with the related 

codes and standards

Å State Codes

Å IBC

Å IECC

Å ASHRAE

Å AIA

Å ASHE

Å CDC

Å NFPA

Å NEC
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Codes ïKEEP CHANGING . . . 
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ASHRAE ïThen and Now . . . 
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ASHRAE ïThen and Now . . . 
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ASHRAE ïThen and Now . . . 



ASHRAE/ASHE Standard for Ventilation of 
Health Care Facilities:

ÅClass B and C Operating Rooms:  minimum 20 ach, 
minimum 4 ach outside air, positive

ÅPer Paragraph 7.1.1.c: ñFor spaces that required 
positive or negative pressure relationships, the 
number of air changers 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 
reestablished anytime the space becomes occupied.ò

Current Applicable Codes and Standards
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Illinois Department of Public Health (IDPH)

IDPH Part 205 for Ambulatory Surgical Treatment Centers:  

ÅProcedure Room:  minimum 15 ach, positive

IDPH Part 250 for Hospitals and Ambulatory Care Facilities

ÅSurgical Suite ïOperating Rooms:  minimum 15 ach, minimum 20% outside air, 
positive

Other considerations

ÅIDPH and ASHRAE specified ach are minimums, actual occupied ach can be 
higher if needed for cooling. Many ORs get up to 30 ach.

State Codes can differ from Standards/Guidelines
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Case Study 1 - Occupied OR Testing and Cx
ÅFirst tested ORs and found we could NOT meet pressurization setpoint of 0.02ò w.g. across OR door to sterile corridor

ÅIncreased OR cfm offset 

ÅORôs started with over 700 cfm offset due to no door sweeps or astragals and incomplete construction such as the med gas 

column
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Used painters tape to test 

tightening the OR at the doors

http://www.google.com/url?sa=i&rct=j&q=blue+painters+tape&source=images&cd=&cad=rja&docid=OV4acc-RZxKKrM&tbnid=lCig55Vix6FnDM:&ved=0CAUQjRw&url=http://www.dickblick.com/products/scotch-blue-painters-tape-for-delicate-surfaces/&ei=XMxgUbztFIWjqwHC1IGAAQ&bvm=bv.44770516,d.aWM&psig=AFQjCNEFCHhdkTyGq3fzFBkYkl1o3NdNVw&ust=1365384623874406
http://www.google.com/url?sa=i&rct=j&q=blue+painters+tape&source=images&cd=&cad=rja&docid=OV4acc-RZxKKrM&tbnid=lCig55Vix6FnDM:&ved=0CAUQjRw&url=http://www.dickblick.com/products/scotch-blue-painters-tape-for-delicate-surfaces/&ei=XMxgUbztFIWjqwHC1IGAAQ&bvm=bv.44770516,d.aWM&psig=AFQjCNEFCHhdkTyGq3fzFBkYkl1o3NdNVw&ust=1365384623874406


Case Study 1 - Occupied OR Testing and Cx

Due to high leakage rate, unoccupied cfm (ACH) needed to be 

much higher than design 

Cx should help troubleshoot and 

offer results based suggestions

Code is +0.01ò w.g.

Typically maintain +0.02ò to +0.04ò 

OR is cfm offset controlled

ADDED

21End result ïgreat pressurization and on design offset 



Other considerations

ÅIDPH has stated to G/BA that ñit is 
acceptable to reduce OR air change rates 
lower than 15 ach when the rooms are 
unoccupied, provided that the positive 
pressurization is maintain, and the air 
changes per hour is 15 ach when the room is 
occupied again.ò

ÅCalifornia ïUnoccupied 6 ach minimum

Unoccupied Mode ïWhat is minimum ACH?
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G/BA data:

Å RCx on 164 ORôs, 8 hybrid and 12 hybrid ORs

Findings from this data:

Å Most existing ORôs can remain positive with 6 ACH, however, will 

be just at code minimum of +0.01ò w.g. (Note: not ALL)

Å Normal stable unoccupied control can be found with 8 ACH, 

which is now our starting point for RCx projects

Å Calibration, Testing and trending MUST be done to confirm stabile 

operation

Å MUST consult with the Medical Staff and Infection Control Group 

within the hospital

Å Must provide means of switching back from unoccupied to 

occupied modes
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Unoccupied Mode ïWhat is minimum ACH?



ORs must remain positive to adjacent spaces
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Pressure Relationships
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Case Study 2

Room Pressurization is controlled by actual pressure
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Case Study 2

Negative OR 

Pressurization

Neutral OR 

Pressurization

Trending showed this happening 

3 to 4 times per night per OR
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Case Study 2

3400 cfm

1700 cfm

Added a stepped control loop to go from occupied to unoccupied mode in 

300 cfm increments every 5 minutes 

Cx should help troubleshoot and 

offer results based suggestions



Estimated annual energy dollars saved for implementing off-hours 

airflow reduction in one OR based on:

Å Chicago weather;  $0.11/kWh for electricity and $0.65/therm

for gas

Å 13 unoccupied hours per day

Å Recirculating air handling unit

å10 ORs ïannual savings is $20,000 to $32,000
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Energy Savings Opportunities



IF OR is served by a 100% outside air unit, savings increase.

Å Chicago weather;  $0.11/kWh for electricity and $0.65/therm

for gas

Å 13 unoccupied hours per day

Å 100% OA air handling unit

å10 ORs ïannual savings is $27,000 to $57,000
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Energy Savings Opportunities



Terminal unit and reheat coil on supply

Å Supply box maintains constant required airflow 

Å Reheat coil valve modulates to control temperature

Å Return box maintains pressurization
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General Design Approach

Supply 

terminal 

unit

OR

Return box

Sterile 

Core
Corridor



All of these examples have ROBUST building automation systems.  

This is a must have before attempting implementing an unoccupied 

mode for ORôs
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Case Studies

ORs MUST be positively pressurized at ALL times!!
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Case Study #3 ï4 OR AHUs serving 12 ORs

each AHU has supply and return fan VFDs
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Case Study #3 ïUnoccupied Mode for 12 ORs

Most ORôs can be positively pressurized with 8 air changes per hour,

Let temperature ñfloatò during unoccupied mode with deadband 
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Case Study #3 ïUnoccupied Mode for ORôs 1 ï6

Hospital with Level 1 Trauma Center, 4 ORs were decided to be left 

occupied all the time, ORs 1,2, 11 and 12 (also the biggest)
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Case Study #3 ïUnoccupied Mode for ORôs 7 ï12

California Mechanical Code allows a MINIMUM of 6 ACH, it is not 

recommended or typically feasible to go below this
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Case Study #3 ïUnoccupied Mode Before Changes
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Case Study #3 ïUnoccupied Mode AFTER Changes
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Case Study #3 ïUnoccupied Mode AFTER Changes

Date/Time

AH.D416.SPRES.SP
Static Pressure 
Setpoint "w.g.

AH.D416.SPRES
Actual Static 

Pressure "w.g.

AH.D416.SVFD
Supply Fan VFD % 

Speed

2/8/2012 7:00 1.25 1.25 77

2/8/2012 6:30 1.25 1.26 77

2/8/2012 6:00 1.25 1.24 29
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2/8/2012 5:30 1.25 1.25 29

2/8/2012 5:00 1.25 1.25 29

2/8/2012 4:30 1.25 1.26 29

2/8/2012 4:00 1.25 1.25 29

2/8/2012 3:30 1.25 1.25 29

2/8/2012 3:00 1.25 1.25 29

2/8/2012 2:30 1.25 1.25 29

2/8/2012 2:00 1.25 1.25 29

2/8/2012 1:30 1.25 1.26 29

2/8/2012 1:00 1.25 1.25 29

2/8/2012 0:30 1.25 1.25 29

2/8/2012 1.25 1.25 29

2/7/2012 23:30 1.25 1.30 35

2/7/2012 23:00 1.25 1.25 77

Different fan than previous screen shots
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Case Study #3 ïUnoccupied Mode AFTER Changes
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Case Study #4 ïDual Supply & Return Boxes

Supply 2500 cfm

Return 1914 cfm

Offset 586 cfm

OR Pressure +0.013ò 

RECOMMENDATION

Add door switches

which deactivate the 

BAS room pressure 

alarm when an OR door 

is open
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Occupied / Unoccupied Schedule
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General Instructions for RE-activating an OR   

Overriding Unoccupied Mode

Provide in-service training to the clinical staff
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General Design: Return Damper vs. VAV Box 

IT MAKES A DIFFERENCE

Return dampers donôt provide tight control over space pressure
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Good start to the sequence in 

design is important. This 

sequence does not include a 

time of day schedule, so the 

OR could go unoccupied in 

the middle of the day if there 

is no motion for 15 minutes, 

probably not desired

Design Example


