Safe, Comfortable, and Efficient: Pick Two?

Navigating Code Compliance and Energy Efficiency for Surgical Suites
Aaron Conger, Michaels Energy

ABSTRACT

Energy efficiency in medical facilities has lagged behind nearly all other building types
over the last decade. Surgery areas are energy-intensive components of medical facilities and are
an enticing target for energy efficiency. Surgical suites in ambulatory surgery centers (ASCs) are
an ideal opportunity because most surgeries in these facilities are typically only scheduled during
the day. Additionally, humidification requirements for surgical areas have changed over the
years, but codes and standards have lagged behind.

Despite their potential, surgical suites are rarely targeted by facility managers for energy
improvements. First, strict HVAC code requirements make navigating operational modifications
risky in the minds of facility managers. Second, surgical services are major profit centers for
medical facilities so facility staff are hesitant to interfere with day-to-day operation. Finally,
surgeons demand highly-controlled environments to carry out their procedures. Because of these
barriers, surgical suites are often considered untouchable by facility staff, and their efficiency
efforts are directed elsewhere.

A recent Conservation Applied Research and Development (CARD) funded research
project with the Minnesota Department of Energy Resources aimed to end the “pick two”
dilemma for ASC surgical suites: choosing between safe, comfortable, and efficient. Why not
have all three? The study focused on two measures based on current energy code requirements in
Minnesota: reducing relative humidity based on recent guidance from standards bodies, and
reducing ventilation in surgery suites during unoccupied hours. The team worked with the
Minnesota Department of Health to develop waiver procedures and instructions to assist facilities
in implementing both measures.

Introduction

Medical facilities are energy-intensive buildings with long hours of operation, high
standards for occupant comfort and indoor air quality, and energy intensive procedure spaces
such as radiology, laboratory, diagnostic testing, and surgery. Among medical facilities, hospitals
have the highest energy intensity. Ambulatory surgical centers (ASCs) offer certain specialized
services to patients but not as broadly as hospitals. Such specialized services are nevertheless
still energy intensive. Along with at least one surgical suite within the facility, radiology and
laboratory areas, procedure rooms, and standard examination rooms can be found in nearly every
ASC.

Depending on the services offered, ASCs can be occupied up to 7 days per week for
much of the day. In addition, due to medical code requirements in Minnesota, HVAC systems
serving surgical suites in ASCs must operate 24 hours per day to maintain pressure relationships
relative to adjacent spaces. For surgical suites, use of flammable anesthetics necessitated a code
requirement for high relative humidity, which persists despite the industry’s elimination of
flammable anesthetics. According to research by ASHRAE, the industry also believed these
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higher humidity requirements also reduced the risk of infection and helped ensured patient safety
(ASHRAE, 2009).

Despite the variety of energy requirements, ASCs have particular energy efficiency
opportunities. Recent health care facility guidelines have reduced the relative humidity setpoint
requirements for operating rooms (ORs). This presents an opportunity to save humidification
energy across the board. Additionally, unlike hospitals, ASCs have a daily schedule of surgeries
and operating rooms are not generally occupied 24 hours per day. While some ASCs schedule
certain HVAC equipment, most facilities operate the HVAC equipment serving surgical areas
continuously at full load, regardless of occupancy. Modern guidelines for health care facilities
allow for an unoccupied “setback™ mode for surgical space HVAC equipment as long as certain
pressure requirements are maintained. Surgical spaces can still be maintained at comfortable
conditions for procedures as requested — often demanded — by medical staff, and set back to less
aggressive setpoints when unoccupied.

Though there is significant energy efficiency potential for ASCs, there are also several
barriers. First, for medical buildings, patient health outcomes and experience trump any energy
consideration. Energy costs are considered a fixed (and increasing) operating expense for many
facilities. Second, medical code compliance and internal safety protocols make adjustments to
the facility operation more difficult than similar adjustments to office buildings, for example.
Finally, outpatient medical facilities, as an industry, simply don’t have a track record of
improving efficiency. According to the Commercial Building Energy Consumption Survey
(CBECS)!, the overall energy use intensity for “outpatient health care” facility remained constant
between 2003 and 2012, reported at 95 kBTU/square foot for both survey years (U.S. Energy
Information Administration 2003, 2012). One possible reason for the lack of efficiency
improvement could be the higher prevalence of rented spaces over owner-occupied facilities.
Renters have less incentive to improve the facility since they are not usually tied it long-term,
especially if the energy-using equipment serves more than one rented space in the building.
However, the CBECS data is unclear as to what portion of the facilities surveyed are rented
versus owner-occupied.

Codes and standards are the opportunity to promote energy efficiency while also
maintaining patient comfort and safety. Medical facility staff are hesitant to implement changes
to HVAC operation that might have an impact on patients. Integrating recommendations on
energy-efficient practices in facility codes directly offers a measure of security for facility staff.
In short, inserting such recommendations directly in codes say, “You can do this and nobody will
get hurt.” It is a powerful tool, one that typical energy efficiency advocacy by contractors or
utilities cannot match.

This paper will address two specific opportunities for ASC energy efficiency in
Minnesota. Through a Conservation Applied Research and Development (CARD) grant from the
Minnesota Department of Commerce’s Division of Energy Resources, a research project team
investigated specific code requirements for operating room humidification and ventilation
requirements.? The team, comprised of engineers and energy-field experts, worked with
Minnesota’s Department of Health to draft guidance for reducing relative humidity levels in

! The Commercial Building Energy Consumption Survey (CBECS) is a national survey of commercial buildings in
the United States, which collects building data and energy use among several different facility types. Energy data is
then reported in the aggregate, as well as broken out by facility type, fuel type, and end use.

2 Sections of this white paper were adapted from the CARD report produced for the Minnesota Department of
Commerce. Information on this final report are included in the References section.
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operating rooms, and setting back operating room ventilation and air change rates during
unoccupied hours.

Code Requirements for Surgical Suites at the National Level
Relative Humidity

Humidification requirements for surgical suites have a long history. The 2000 edition of
the National Fire Protection Association (NFPA) 99 code for health care facilities required a
minimum of 35% relative humidity in anesthetizing locations. According to the American
Society of Healthcare Engineers (ASHE), this requirement dates back to static discharge
concerns and flammability risks with older anesthetics (ASHE 2012). Another concern involved
increased risks of infection at lower relative humidity.

In 2009, the American Society of Heating, Refrigeration, and Air-Conditioning Engineers
(ASHRAE) conducted a literature review on the effects and potential risks of reduced relative
humidity in operating rooms. The ASHRAE Standing Standard Project Committee 170
concluded that there were no direct correlations between increased rates of infections and
relative humidity below 30%. The committee also concluded that there was no correlation
between fire risks and relative humidity below 35% (ASHE 20009).

As a result of this research, ASHRAE recommended and subsequently approved changes
to Standard 170 to reduce the minimum relative humidity requirement to 20% for short-term
patient stay areas, including operating rooms. This updated guidance is also reflected in the most
recent updates to the 2012 edition of NFPA Standard 99.

There has been some pushback to this code revision. Medical supply manufacturers
remarked that certain medical supplies must be stored and used in an environment maintained at
30% relative humidity. Such equipment has specific requirements listed on the item’s respective
Instructions for Use (IFU). Continuing guidance from industry groups is that facilities interested
in making the reduction to 20% relative humidity must make sure to catalogue equipment stored
in the affected space, and verify that no items require higher relative humidity (ASCA et al.
2015). In general however, the relaxation of relative humidity levels has been well-received by
those in the medical facility and medical device industry committed to energy efficiency.

Airflow and Ventilation

Requirements for airflow and ventilation to surgical suites have also changed slightly
over time, though less is known about the background regarding the exact values listed in
published guidelines. ASHRAE Standard 170-2013 outlines the guidance for conditioning and
ventilating operating rooms. In section 7.2.1, Table 7-1 gives the recommended total air change
rates, outside air change rates, and pressurization requirements for operating rooms. For “classes
B and C operating rooms” (also referred to as outpatient operating rooms, which are 250 square
feet or larger), the areas must have positive pressurization relative to adjacent areas, a minimum
outdoor air change rate of 4 per hour, and minimum total air change rate of 20 per hour. This
appears to be a common recommendation regardless of climate zone.

The minimum outdoor and total air change rates have varied slightly from 5 and 25
(respectively) in 1999 to the 2013 iteration of the code. Since at least the 1999 version of the
guidelines, operating rooms have been required to be positively pressurized at all times.
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Standard 170-2013 also provides general guidance on the conditioning and ventilation of
operating rooms during unoccupied periods: “...for spaces that require a positive or negative
pressure 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 reestablished anytime the
space becomes occupied” (ASHRAE 2013).

In reviewing these guidelines, it is clear that the main requirement for operating rooms is
to maintain them at positive pressure with respect to adjacent non-surgical spaces. Adjustments
or setbacks to airflows at night or on weekends is allowable under code, as long as the pressure
relationships are maintained at all times. The lack of specific unoccupied modes in published
code requirements is noted and discussed further in this paper.

Code Requirements in Minnesota

The Minnesota Administrative Rules are a set of codes that cover requirements for
maintaining surgical spaces within ASCs. Unlike national guidelines, the Minnesota codes are
laid out by building type (hospital, clinic, ASC), rather than space type (operating room, sterile
storage, etc.). This means that requirements for hospital operating rooms may differ from
requirements for ASC operating rooms. The scope of this research focused only on operating
rooms for ASCs due to the greater opportunities for scheduling.

Relative Humidity

While at the national level there have been modifications to relative humidity
requirements, Minnesota codes have remained largely constant over the years. Chapter 4675 of
the Minnesota Administrative Rules outlines the requirements for operation of “outpatient
surgical centers”, which are synonymous with ambulatory surgical centers. Within this chapter,
section 1600 dictates the rules for HVAC equipment. Specific design guidelines for temperature
and humidity are described in Subpart 1: “[t]he systems shall be designed to provide
temperatures and humidities as follows: A. operating rooms: 70 to 76 degrees Fahrenheit
(variable range), 50 to 60 percent relative humidity” (Minnesota Admin. Rules).

Though these may be read as design requirements and not necessarily operating
requirements, no other section in the Minnesota codes outlines actual operating requirements for
ASC operating rooms. Also, it is unclear why the Minnesota code requires a design minimum of
50% relative humidity, which is already higher than the previous NFPA 99 requirement.
However, in light of the most recent changes to code and guidance from the U.S. Centers for
Medicare & Medicaid Services (CMS) and other industry experts, there is significant opportunity
for energy savings by observing the most recent recommendations on relative humidity.

Excessive humidity levels can have negative impacts on spaces and occupants. Humid
areas are generally uncomfortable for space occupants. High humidity levels may lead to
increased risk of mold and mildew in spaces, affecting both patient health and facility
cleanliness. The project team did not specifically investigate the infection risks of Minnesota’s
higher minimum humidity in operating rooms relative to the national recommendation, but a
brief literature review suggests that the link between relative humidity alone and infection rates
is unclear. Viral infection rates are dependent on multiple factors including temperature and
location in addition to humidity. Additionally, the relationship between infection rates and
humidity levels depends greatly on the particular pathogen in question. For example, certain
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viruses thrive in low humidity environments where others are more suited to high humidity
environments (Memarzadeh 2011). A weeklong study performed at The Ottawa Hospital in
Ontario, Canada found that relative humidity levels in excess of 65% in surgical suites did not
lead to a higher rate of patient infections (Bruce et al. 2007).

Airflow and Ventilation

Subpart 4 of the Minnesota Administrative Rules, section 4675.1600, dictates the
pressure requirements for ASC operating rooms: “The ventilation systems shall be designed and
balanced to provide the pressure relationships as shown in part 4675.2800” (Minnesota Admin.
Rules).

The table given in section 4675.2800 highlights the specific requirements for ventilation
and pressure relationships. For an “operating room”, the area must have positive pressurization
relative to adjacent areas, a minimum outdoor air change rate of 5 per hour, and minimum total
air change rate of 12 per hour (Minnesota Admin. Rules).

The Minnesota code is consistent with ASHRAE Standard 170 in that operating rooms
must be positively pressurized at all times with respect to adjacent non-surgical areas. In
speaking with the Minnesota Department of Health, this is the single most important parameter
for operating room HVAC systems. However, the exact number of air changes differs between
Minnesota requirements and the ASHRAE guidelines, with the minimum outdoor air changes
exceeding the ASHRAE standard, but minimum total air changes being less than ASHRAE.
Additionally, unlike ASHRAE 170-2013, the Minnesota code neither allows nor forbids setbacks
to total or outside air change rates during unoccupied periods. Explicitly allowing for unoccupied
airflow setbacks in the Minnesota code directly would guide facility managers to achieving
significant energy savings in their buildings, while also certifying that their facilities would still
be deemed safe. The project team explored adding this guidance to Minnesota code with the
Minnesota Department of Health during this research project.

Potential for Savings
Relative Humidity Minimum Reduction

Adopting the lower relative humidity requirements for surgical suites as laid out by the
latest ASHRAE Standard 170-2013 would lead to significant savings potential for ASCs in
Minnesota. Calculating the exact savings potential for a facility is heavily dependent on the
HVAC equipment in place, baseline operation of the units serving the surgical suites, and
weather data. As part of this research, the project team estimated savings as a function of surgical
suite area and assumed operation of the HVAC units.

For the CARD report, the project team estimated an annual equipment load savings of
0.08 mmBTU per square foot of operating room space. Equipment load savings can be converted
to net energy savings by dividing equipment load by the efficiency of the humidification
equipment. The team used the following assumptions to estimate this metric:

o TMY3 weather data for Minneapolis, MN

o Reduction from 50% relative humidity to 20% relative humidity

« Five air changes per hour of outside air and 12 air changes per hour total, per Minnesota
Administrative Rules, section 4675.2800
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o 60°F maximum outside air temperature for humidification

As an example, consider a typical 500-square-foot operating room currently humidified
to 50% relative humidity. The room is served by a dedicated air handling unit equipped with an
electric steam humidifier. By reducing the relative humidity setpoint to 20%, the facility could
achieve an annual electric savings of over 11,000 kWh. At a blended rate of $0.07 per kWh, this
equates to an almost $800 annual savings. While this may seem relatively small, this kind of a
modification would require very little, if any, controls labor and virtually no equipment changes.
It’s also a valuable measure for reducing peak demand. Finally, it’s important to note that many
facilities have multiple operating rooms. A typical ASC can easily have three dedicated
operating rooms, and such a measure would result in almost $2,400 in annual electric bill
savings. Not only will reducing the relative humidity setpoint save in energy costs, but it will
also likely improve patient and staff comfort while in surgical spaces.

Airflow and Ventilation Setback

Airflow and ventilation setbacks for surgical suites during unoccupied periods also has a
high potential for savings. However, unlike relative humidity reduction, adjusting unoccupied
airflow and ventilation is much less straightforward and requires more engineering and may even
require equipment investment to implement. Savings for such a measure is also heavily
dependent on the particular system serving the surgical spaces and the baseline operating
parameters of that system.

One portion of setback savings relates to the reduction in ventilation during unoccupied
hours. Initially, the project team estimated savings for reducing outside air changes from five per
hour (as currently required by Minnesota code for ASCs) to zero during unoccupied periods.
However, ASHRAE Standard 170-2013 also has a ventilation requirement for spaces designated
as “sterile storage”, which is two outside air changes per hour. It is not immediately clear why
sterile storage areas need ventilation but it is likely designed to ensure proper filtration and
ventilation of the space for occasional occupancy (facility staff entering and exiting the room,
while leaving the door open).

Operating rooms may have sterile equipment and supplies stored within them, in addition
to dedicated sterile storage areas elsewhere in the facility. Therefore, the team determined that a
more appropriate reduction to two outside air changes per hour during unoccupied times would
result in energy savings while also meeting a more conservative code threshold. It must also be
acknowledged that completely turning off ventilation to surgical spaces (but still maintaining
positive pressurization) would be a large departure from normal practices for facility staff. Using
formally-published requirements for both occupied and unoccupied periods would give facility
staff a measure of reassurance when making significant changes to the operation of their surgical
suites. A particular facility that does not store sterile equipment in the OR during unoccupied
times could theoretically eliminate ventilation completely and maintain code compliance.

Using the more conservative reduction from five to two outside air changes per hour
during unoccupied periods, ASCs could save approximately 0.5 therms per square foot and 1.1
kWh per square foot of OR space annually. The team used the following assumptions to estimate
these savings:

o TMY3 weather data for Minneapolis, MN
o 80% efficient heating equipment and 12 EER cooling equipment
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o Operating rooms are currently ventilated continuously

o Operating rooms are unoccupied 12 hours per weekday and 24 hours on weekends

o Reduction from four outside air changes per hour to two per hour during unoccupied
hours

o 60°F building balance point

Using the previously considered 500-square-foot operating room example, the facility
could save 230 therms and 560 kWh annually, with a total cost savings of just over $200 per year
(using $0.75/therm and $0.07/kWh). For a facility with three operating rooms, this is over $600
per year in ventilation savings.

These are not a particularly enticing figures. However, the above metrics reflect
ventilation savings only and do not include potential fan savings if supply airflow is also setback
along with outside air change rates during unoccupied periods (while still maintaining positive
pressurization). Depending on the system type, additional savings can be achieved (such as
reheat). Due to the complex nature of operating room HVAC systems, it is difficult to produce a
one-size-fits-all savings metric for ASCs for setting back supply airflows to operating rooms
during unoccupied periods. Instead, Table 1 lists calculated savings reflecting implementation of
both ventilation and airflow setbacks in operating rooms in medical facilities in the Midwest.
The savings come from a variety of past energy studies performed by the project team’s
consulting firm, and are normalized assuming a typical OR area of 500 square feet.

Table 1. Savings from previous energy studies for operating room airflow setback
implementation at various medical facilities, assuming an average OR area of 500 square feet

Annual Electric Annual Gas

Savings per Square | Savings per Square
Operating Room HVAC Description Foot of OR Space Foot of OR Space
2 operating rooms 42.6 0.4
Dedicated VAV System, Chilled Water kWh/sq ft OR therms/sq ft OR
Cooling, Hot Water Heating, Electric
Steam Humidification
3 operating rooms 112.8 7.0
Shared VAV System, Chilled Water kWh/sq ft OR therms/sq ft OR
Cooling, Hot Water Heating, Electric
Steam Humidification
5 operating rooms 136.0 4.2
Shared VAV System, DX Cooling, Mix of kWh/sq ft OR therms/sq ft OR
Gas-Fired Heating and Electric Reheats,
Gas-Fired Steam Humidification
2 operating rooms 102.7 15.9
Shared VAV System, Chilled Water kWh/sq ft OR therms/sq ft OR
Cooling, Hot Water Heating, Gas-Fired
Steam Humidification
2 operating rooms 152.3 7.4
Shared VAV System, Chilled Water kWh/sq ft OR therms/sq ft OR
Cooling, Hot Water Heating, Electric
Steam Humidification
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The average annual savings for both airflow and ventilation reduction is about 113
kWh/sq ft and 6 therms/sq ft. If a particular facility has three operating rooms at 500 square feet
each, the estimated annual energy cost savings would be over $6,000 (again using $0.75/therm
and $0.07/kWh). Note that the savings values from the studies above also include reductions in
reheat, humidification and dehumidification loads in addition to fan speed adjustments and
ventilation reductions. Also, most facilities were observed to be exceeding the Minnesota code
requirements for operating room ventilation and airflow, so savings (especially gas) exceed the
metrics estimated previously. Nevertheless, implementing such airflow setbacks for operating
rooms have the potential to save significant energy. These average savings values greatly exceed
the simple metrics for reducing ventilation alone, underscoring the importance of detailed
engineering studies to properly design the setback sequences and estimate the overall savings
among all systems: heating, cooling, and humidification.

Implementation of Airflow and Ventilation Setback

As previously noted, setting back airflow and ventilation to operating rooms is not a
straightforward recommendation. Implementation complexity, cost, and energy savings are all
heavily dependent on the HVAC system serving the operating rooms. In general, such
modifications require digital controls on all HVAC equipment with a building automation system
(BAS) capable of integrating with some kind of occupancy sensor or activation device in the
surgery area. Additionally, variable-air volume (VAV) systems are required in order to achieve
airflow setbacks while also maintaining positive room pressurization. Positive pressurization is
maintained by preserving a particular supply-return air differential that generates a constant
pressure differential with the adjacent spaces. Put simply, operating rooms must have higher net
supply air delivered than adjacent spaces. The ideal system for implementing surgical suite
setbacks is one with dedicated supply and return air VAV boxes serving surgical spaces. If
surgery areas do not have dedicated return air VAV boxes, more complex controls strategies
must be employed.

In a system with both supply and return air VAV boxes, implementing an airflow setback
is relatively simple. In occupied mode, the supply air VAV boxes are set to provide the code-
required air change rates for the spaces served (in this case, surgical suites). Return air VAV
boxes are set to maintain the required pressurization of the surgical suite (minimum +0.01 inches
of water column, or in WC). The supply fan maintains a given static pressure setpoint, which is a
function of the VAV box damper positions. The return fan operation varies from building to
building depending on the contractor, but usually operates at a set airflow or fan speed
differential from the supply fan. During unoccupied mode, the supply VAV box damper
positions close to provide the unoccupied airflow setpoint, with return VAV boxes adjusting to
maintain the same pressurization of the space as occupied mode. The reduction in VAV box
supply flow will cause the supply and return fans to slow down, and reduced airflow volumes to
require less reheat, all of which result in energy savings.

For systems with only supply air VAV boxes, implementation of airflow setbacks is more
complex. Depending on the location of the operating room with respect to the return duct line, it
may be possible to temporarily slow down the return fan speed to maintain positive operating
room pressurization with respect to adjacent areas. After the return fan speed is reduced, supply
fan speed can then be reduced to the unoccupied setpoint. If this strategy is not feasible,
installation of return air dampers may also be required to provide additional control over space
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pressurization. During occupied mode, the system operates as normal with the return air dampers
fully open. During unoccupied mode, the return dampers close to a pre-calibrated unoccupied
position. This position is set such that the operating room maintains a positive pressurization at
the reduced supply airflow. Return air dampers can mimic some of the basic operation of a return
air VAV box, but installing and tuning the dampers is a much more involved process that
requires significant design and engineering expertise.

Similar Efforts in Other States

State codes vary widely across the country for both relative humidity and ventilation
requirements. The project team conducted a small survey of five other states to assess similarities
to the Minnesota codes, as well as to find examples of state code revisions or guidance based on
new energy-efficient practices.

Based on the small selection of states reviewed for this research, relative humidity
requirements generally follow the FGI Guidelines for Health Care Facilities and ASHRAE 170-
2013 in some form. Neighboring states Illinois and lowa both adopt the 2015 International
Mechanical Code (IMC) for commercial buildings. Section 407.1 of the 2015 IMC specifically
notes that such spaces must be designed to meet the requirements of ASHRAE 170. Wisconsin
also explicitly defers to FGI guidelines for all requirements not specifically laid out in the
Wisconsin mechanical code, which includes relative humidity requirements within operating
rooms. Minnesota is the only state identified in this small survey that still requires relative
humidity greater than 30% for operating rooms in ASCs.

Categorical airflow setbacks for operating rooms have not been widely adopted in state
codes despite recent guideline updates from industry organizations. One exception is the
California Mechanical Code, which does provide direct guidance on operating room airflow
setbacks. Section 407.1.1 exception 2,2 states that during unoccupied periods, it is acceptable for
surgical suite airflow to be reduced to a total of six air changes per hour. The project team found
no other examples of this specific allowance within state codes.

Approved Procedures in Minnesota

The project team discussed reducing relative humidity requirements for operating rooms
and allowing for unoccupied setbacks to air change rates with the Minnesota Department of
Health (MDH). The regulatory environment for ambulatory surgical centers in Minnesota is less
straightforward than for medical clinics and hospitals. Many of the statutes that apply to
hospitals do not directly apply to ASCs. Specifically, certain waiver processes laid out for
hospitals (section 144.6535 of the Minnesota Statutes) are not in place for ASCs. The project
team and MDH therefore reviewed and developed two measures for approving these energy-
efficiency modifications for ASC operating rooms.

The Minnesota rules for ASCs do not specify that air change rates are required at all
times. ASHRAE 170 notes that, during unoccupied times, air change rates can be reduced so
long as pressure relationships are maintained. Based on conversations with MDH, the
Engineering Services section has published a “notification letter” for ASCs to submit if the
facility plans on reducing air change rates for surgical suites during unoccupied hours. The letter
was developed to ensure facility staff understand that pressure relationships between surgical and
adjacent areas must be maintained at all times, as required by ASHRAE 170.
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Regarding humidity level reduction, a “request for equivalency” has also been published
by MDH. ASCs considering reducing humidity levels in surgical spaces can use the request in
the same manner as a waiver for hospitals. The request document will be required as relative
humidity is specifically controlled by Chapter 4675, section 1600 of the Minnesota Statutes.

Copies of both letters are published on the Engineering Services website for MDH.

Conclusions

Energy-efficient technologies, such as LED lighting, have transformed the energy
landscape for buildings. As these kinds of energy opportunities are being identified and achieved
in ASCs, energy professionals will need to think more broadly to continue to push the efficiency
envelope.

In the case of Minnesota ambulatory surgical centers, it’s clear that the current code
requirements can be improved. Revising relative humidity requirements to match national
guidelines modernizes the Minnesota code, can improve occupant comfort, and reduces the risk
of mold and mildew formation. Clarifying surgical suite HVAC operation and documenting
methodology for setting back airflow and ventilation to these spaces during unoccupied times
provides further energy efficiency potential for ASCs. The point of this process is not to
eliminate code requirements only to save energy, but rather to examine code requirements in
light of new capabilities and building practices to determine what is actually needed to maintain
patient safety and comfort.

The primary goal of HVAC requirements in building mechanical codes is to lay out the
operating parameters that will provide proper conditioning and ventilation to occupants, ensuring
occupancy safety and comfort. But facility codes can also allow for energy-efficient practices
which provides an opportunity to ensure both safe and efficient building operational practices.
Updating facility codes with these kinds of guidelines can also provide peace of mind to energy-
conscious facility managers.

At the same time, as energy professionals, it’s crucial to remember that patient safety is
the first priority for health care facilities. Expect some amount of hesitation on the part of facility
staff, as any breach of protocol can be a major disruption to the facility. However, showing that
state regulating agencies and national guidelines allow for these kinds of energy-efficient
practices will certainly pave the way for increased implementation in ambulatory surgical centers
going forward.

References

ANSI/ASHRAE/ASHE. 2013. Ventilation of Health Care Facilities (Standard 170-2013).
Atlanta, GA: ASHRAE.

ASCA et al. 2015. "Relative Humidity Levels in the Operating Room - Joint Communication to
Healthcare Delivery Organizations." aami.org. January. Accessed March 12, 2018.
www.aami.org/news/2015/Humidity_in_OR_Joint_ Communication_to_ HDOs_January 201

S5.pdf.

ASHE (American Society of Healthcare Engineers). 2012. "CMS Considers Reducing Low-End
Humidity Requirement, Outlines Interim Waiver Process." ashe.org. January 18. Accessed
March 12, 2018. www.ashe.org/resources/alerts/2012/pdfs/cms-humidity120118.pdf.

5-10 ©2018 ACEEE Summer Study on Energy Efficiency in Buildings



—. 2009. "Proposed Change to Reduce Minimum Humidity Levels to 20% for Short-Term
Patient Treatment Stay Areas (Including Operating Rooms)." ashe.org. December 8.
Accessed March 12, 2018.
www.ashe.org/resources/alerts/2009/pdfs/advalt091208 humidity.pdf.

Bruce, N., C. Ouellet, K. Suh, V. Roth. 2007. “Does High Humidity in the Operating Room (OR)
Impact Surgical Site Infection (SSI) Rates?”” American Journal of Infection Control.

California Mechanical Code § 407. epubs.iapmo.org/2016/CMC/mobile/index.html#p=110.

Facility Guidelines Institute. 2014. Guidelines for Design and Construction of Health Care
Facilities. Facility Guidelines Institute.

International Code Council. 2015. International Mechanical Code. International Code Council.

Memarzadeh, F. 2011. “Literature Review of the Effect of Temperature and Humidity on
Viruses.” ASHRAE Transactions.

Michaels Energy, Inc. 2017. “On-going Commissioning for Outpatient Medical Facilities”.

Minnesota Admin. Rules § 4675. www.revisor.mn.gov/rules/?id=4675.

Minnesota Department of Health Engineering Services. 2017. "Equivalency for 20% Relative
Humidity in an Anesthetizing Location." 12 15. Accessed March 12, 2018.
www.health.state.mn.us/divs/fpc/engineering/equivwaiv.docx.

—. 2017. "Notification for Ventilation of Surgical Suites." 11 17. Accessed March 12, 2018.
www.health.state.mn.us/divs/fpc/engineering/ventilation.docx.

National Fire Protection Association. 2012. NFPA 99: Health Care Facilities Code. National Fire
Protection Association.

U.S. Energy Information Administration. 2003. 2003 CBECS (Commercial Building Energy
Consumption Survey) Survey Data. Washington, DC.
www.eia.gov/consumption/commercial/data/2003/.

—.2012. 2012 CBECS (Commercial Building Energy Consumption Survey) Survey Data.
Washington, DC. www.eia.gov/consumption/commercial/data/2012/.

©2018 ACEEE Summer Study on Energy Efficiency in Buildings 5-11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


