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Featured Application: The reduction in the minimum number of air changes and the alterations

of the design temperature and relative humidity in health care rooms requiring positive pressure

during unoccupied periods is allowed by the ASHRAE/ASHE Standard 170-2021 and the Span-

ish standard UNE 100713:2005 with energy conservation purposes, provided that the required

pressure relationship or the minimum air changes required are not compromised and that the set

conditions are reestablished immediately once the space becomes occupied. This work provides

evidence of the savings and safety of this energy efficiency measure in operating rooms.

Abstract: Health care facilities are high energy-demanding buildings. The energy-saving potential
is limited due to safety regulations, especially in critical care areas like operating rooms (ORs).
Reducing the supply airflows during unoccupied periods, also called ventilation turndown or
setback, is accepted as an energy efficiency measure as long as it does not compromise the pressure
relationship. In addition, temperature and relative humidity setbacks can introduce further energy
savings. This work aims at studying the effect that a setback has on the OR-positive pressure and the
savings achievable in both the energy supply and CO2 emissions. Towards this target, five tests are
performed in two ORs of a public hospital during the summer, winter, and midseason. A setback is
applied on the basis of an occupancy sensor, and the pressure difference from the OR adjacent spaces
is monitored. The outdoor and supply air conditions and airflows, as well as fan energy consumption,
are measured. Punctual pressure relationship losses are observed during the occupied periods due to
doors opening but not during ventilation setback operations. The energy savings achieved accounted
for 75% of the natural gas consumption and 69% of the electricity in the ORs. The yearly estimations
imply economic savings of near 20,000 EUR and more than 100 tons of CO2 emissions.

Keywords: health care facilities; hospitals; operating rooms; energy efficiency measures; unoccupied
periods; setback; turndown; pressure relationship

1. Introduction

Health care facilities are energy-intensive buildings where the energy supply is critical
as they must operate 24 h a day yearly [1,2]. Energy consumption in hospitals can be
optimized through different energy efficiency measures and appropriate management but
must not compromise the environmental requirements [2].

Energy use in hospitals can be dedicated to medical equipment, lighting, services,
and, also, to Heating, Ventilation and Air Conditioning (HVACs), among others [1]. HVAC
systems are highly energy demanding due to the large outdoor airflows required to remove
indoor contaminants [2]. However, the Indoor Air Quality requirements vary by health
function, where operating rooms are amongst the most demanding areas [3].
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The implementation of energy conservation measures related to HVAC systems must
comply with the safety standards at all times. The typical measures considered in health
care facilities are the use of heat recovery equipment [2,4,5]; maintenance and replacement
of old, low-performing equipment [1,6]; enhancing ventilative cooling when possible [1,7];
zonification and optimal control [1,6], etc. In addition, the current Spanish and ASHRAE
standards [8,9] admit to the reduction of the minimum number of air changes and alter-
ations of the set temperature and relative humidity in certain spaces during unoccupied
periods, such as in operating rooms (ORs). This is also called a turndown or setback.

Reducing the supply airflow to ORs during unoccupied periods can save a lot of
energy from fans, as well as air heating and cooling. However, there are critical issues, such
as [10]:

- Maintaining the required positive pressure. It is necessary to control both the supply
and return airflow (many old systems do not include the latter).

- Maintaining an appropriate ventilation rate to remove contaminants from cleaning
activities.

- The control of unoccupied periods through occupancy sensors, timers, light switches,
etc.

- Rapid transition from unoccupied periods to occupied operations while maintaining
the indoor set temperature and humidity.

The large air change rates usually applied in ORs incur significant expenses for health
care buildings [11]. The first evidence in the literature of ventilation control to reduce
energy consumption in ORs dates back to 1986 [12]. In 2005, Tschudi et al. [13] proposed
controlling the airflow during nonworking hours of two operating rooms and achieved a
reduction in the fan power consumption of up to 72% without any adverse effects observed.

Recent research has proposed different percentages of supply airflow reduction to
introduce energy savings, adjusting the return airflow to maintain the minimum positive
pressure of the adjacent areas. Most authors have proposed a 50% reduction in the airflow
rate supplied to an OR [14–17]. Wang et al. [15] ensured a positive pressure relationship of
1 Pa. Loomans et al. [17] introduced the 50% reduction in the air change rate after 30 min of
no occupation and controlled the indoor air quality by particle counting. They observed
that, while unoccupied, there was no source of contamination in the cleanroom. Cacabelos-
Reyes et al. [16] estimated 70% yearly energy savings, complying with the requirements
for the patients’ and staff’s safety and health. Alternatively, Porowski [18] proposed a
reduction of the supply outdoor air to 30% during unoccupied periods and achieved up to
6.5% savings in the annual primary energy demand.

Other authors have evaluated the energy savings possible through air recirculation,
achieving 24.1% and 44.31% reductions in the energy consumption for 25% or 50% recircu-
lated air, respectively [19].

In those cases where the OR air handling unit is equipped with a heat recovery device,
the reduction of the supply airflow prevents the system operations. However, it has been
demonstrated that the supply airflow control can still entail larger energy savings than the
operation of heat recovery units, especially when air humidification is required [5].

The present work focuses on the energy conservation approach of reducing the supply
airflow and adjusting the design temperature and relative humidity during unoccupied
periods. The final aim is to provide evidence of its implementation in ORs without compro-
mising the positive pressure relationships, as well as to determine the energy, economic,
and emissions savings that are achievable.

2. Materials and Methods

2.1. Case Study

The target ORs belong to the University Hospital Río Hortega in Valladolid (Spain).
It has 115,354 m2, 600 beds, and over 3000 employees. There is a total of 18 ORs, among
which four are dedicated to minor surgical interventions, one for obstetrics, and another
for burns. The Köppen-Geiger climate classification for Valladolid is Csa. The electric
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energy consumption during 2021 was 15,489,623 kWh, implying 1,635,325.37 EUR, and
25,591,744 kWh for natural gas, implying 844,616.83 EUR.

The tests were performed in two different ORs: one emergency OR and another OR
for general use, both equipped with a pressure-independent return/exhaust system. It
must be noted that the pressure relationships can only be ensured when the return/exhaust
ductwork has air terminal units (are pressure-independent) [20].

Each OR has an individual air handling unit working with the outdoor air, equipped
with (see Figure 1):

Figure 1. Scheme of the OR air handling units.

1. Preheating and heating coils: work with hot water from natural gas boilers.
2. Cooling coil: works with cold water from vapor compression, air-condensed chillers.
3. Vapor injection unit: connected to the hospital’s steam distribution system.
4. Supply and exhaust fans, dampers, and filters.

The SCADA (Supervisory Control and Data Acquisition) permits measurements of
the variables gathered in Table 1 and the control parameters shown in Table 2.

Table 1. Measured parameters in the OR through the SCADA.

Measured Conditions Variables

AHU operating conditions

Supply fan frequency converter (Hz)
Return fan frequency converter (Hz)

Pre-heating coil valve (%)
Humidifier (%)

Cooling coil valve (%)
Heating coil valve (%)

Indoor conditions
Dry Bulb Temperature (◦C)

Relative Humidity (%)
Overpressure (Pa)

Supply conditions
Dry Bulb Temperature (◦C)

Relative Humidity (%)
Volume airflow (m3/h)

Outdoor conditions Dry Bulb Temperature (◦C)
Relative Humidity (%)
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Table 2. Controlled parameters in the OR through the SCADA.

Controlled Variables Set Value

Supply volume airflow 2500 m3/h

Indoor overpressure 15 Pa

Supply Dry Bulb Temperature

During occupation: 22.0 ◦C
During non-occupation: 19.0 ◦C (winter),

25 ◦C (summer)
Min. 14.0 ◦C
Max. 28.0 ◦C

Supply Relative Humidity Max. 60%

Indoor Relative Humidity 35%

2.2. Tests Performed

The tests are performed simultaneously in two ORs by implementing ventilation
setback during nonoccupation periods. Occupation is monitored through an occupancy
sensor; setback is activated after 20 min of nonoccupation, while regular ventilation is
reactivated immediately when occupation is detected. It is checked that activation of the
regular ventilation is almost instantaneous, taking only seven seconds from the moment
when the OR becomes occupied.

Ventilation setback consists of reducing the supply airflow while maintaining the
required pressure relationships by controlling the return airflow. It is important to notice
that increasing the air changes does not necessarily imply less of a risk of microbial contam-
ination [11]. Moreover, Loomans et al. [17] demonstrated through particle counting that
there is no contaminant source during nonoccupation periods. The ANSI/ASHRAE/ASHE
Standard 170:2021 [9] stipulates a time delay of at least 20 min after the OR becomes un-
occupied, which corresponds to a reduction in airborne contamination of approximately
90%, providing six air changes per hour (ach) with perfect mixing. Consequently, because
the setback is activated after 20 min since the last occupation, the pressure relationship is
considered sufficient to ensure the asepsis of the OR, thus justifying the reduction in the air
change rate.

The two tests are performed during the winter period (December and January), one
during the midseason (April), and two further tests during the summer period (July and
August). During the tests, the measured parameters (Table 1) are registered every five
minutes. The tests are performed simultaneously at two ORs.

As shown in Table 1, the only information that can be obtained through the SCADA
regarding the fans’ operation is their frequency. To know the actual electric consumption
of the fans, measurements are performed with the net analyzer Fluke model 1730 on a
minute-by-minute basis.

2.3. Data Analysis

The measurements are analyzed with two aims: (1) checking that the pressure relation-
ships are not compromised through the ventilation setback and (2) estimating the energy,
emissions, and economics savings achievable. The first objective is directly studied by ana-
lyzing the differential pressures registered during the setback (nonoccupation) operating
periods during the tests performed (Table 3). The second is approached by extrapolating
the achieved results from the Typical Meteorological Year data of the target location.
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Table 3. Tests dates and duration.

Test Duration (hours) Dates

1 78.7 7–10 December
2 83.3 17–21 January
3 13.6 7–8 April
4 65.5 26–29 July
5 83 15–19 August

ORs must be always be maintained at a positive pressure with respect to the adjoining
spaces. Table 4 gathers the minimum air changes per hour and the pressure relationships
to adjacent areas specified in the Spanish Standard [21] and the ANSI/ASHRAE/ASHE
Standard 170-2021 [9].

Table 4. Ventilation requirements in operating rooms (ORs).

Standard OR Type/Ventilation Mode
Minimum Total Air

(ach) 1

Pressure
Relationship to
Adjacent Areas

Minimum
Pressure

Differential

UNE 171340:2020
(Spain) [21]

High risk ORs/
unidirectional airflows 20 20

6 PaHigh risk ORs/
mixing ventilation 20 15

General 15 10

ANSI/ASHRAE/ASHE
Standard 170-2021

(USA) [9]

All ORs/Unidirectional
airflow 20 Positive 2.5 Pa

1 ach: air changes per hour.

The energy savings achievable can be distinguished between thermal and electrical
savings. In terms of energy supply, the heating thermal savings entail a reduction in
the consumption of natural gas of the boilers, while the cooling thermal savings involve
electric energy savings in the chillers. The reduction in the energy consumed by fans
directly involves electric energy savings. When necessary, humidification is provided
through vapor injection fed by the hospital’s steam system and, thus, involves natural gas
savings in the boilers. However, due to the particular climate of the location, controlled
dehumidification during the summer period is not necessary, and it only occasionally
occurs in the cooling coil in an uncontrolled way (Figure 2).

The ventilation setback operating periods (tsetback) directly imply electric energy sav-
ings when using the frequency-controlled fans of the AHU:

Fans energy savings =
(

Poccupation − Psetback
)· tsetback (1)

Energy savings in the cooling coil during the setback derive from the lower ventilation
thermal loads due to both the reduced supply airflow and the modification in the set
temperature (Table 2).

Cooling coil savings =
(

.
V·1

v
·Δhtot cc −

.
Vsetback·1v ·Δhtot cc setback

)
·Δt (2)

where
.

V is the design supply ventilation rate (see Table 2),
.

Vsetback is the supplied airflow
during the setback operation, v is the dry air specific volume at the measured supply air
conditions, and Δt is the period of the setback operation. The total enthalpy variation
achieved in the coil Δhtot cc is due to both cooling and uncontrolled dehumidification
when cooling down the outdoor conditions to the set supply temperature during regular
operations or during the setback (Table 2).
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Figure 2. Systems affected by the ventilation setback and the energy demand and supply.

Since it operates with chilled water, the electric energy savings derived from the effect
of the setback in the cooling coil demand can be calculated by multiplying the result from
Equation (2) with the European Seasonal Energy Efficiency Ratio (ESEER) of the chiller.
The air-cooled chiller ESEER is 4.83, thanks to the integration of the adiabatic cooling pads
at the air inlet of the condenser [22].

Similarly, the energy savings in the heating coil are due to the lower ventilation
thermal loads:

Heating coil savings =
(

.
V·1

v
·Δhsens hc −

.
Vsetback·1v ·Δhsens hc setback

)
·Δt (3)

In this case, the enthalpy variation considered Δhsens hc is only sensible heat and
corresponds to the heating of the outdoor conditions up to the set supply temperature
during the regular operations or during the setback (Table 2).

In this case, energy savings in the heating coil involve natural gas savings in the boiler,
whose performance, η, is 97%. The energy savings associated with natural gas consumption
can be calculated by dividing the results from Equation (3) from the boiler performance.

Finally, the energy savings due to less vapor injection will depend on the humidity
ratio variation achieved in the treated air, Δw, and the water vapor latent heat, CL:

Vapor injection energy savings =
( .

V − .
Vsup

)
·1
v
·Δw·CL·Δt (4)

All the psychrometric variables required are calculated from the measured ones
(Table 1) through the known psychrometric expressions [23].

The CO2 emissions corresponding to the natural gas and to the electricity consumption
are obtained through the conversion factors for Spain [24]:

Carbon emission conversion f actor f or natural gas = 0.252 kgCO2
/kWh (5)

Carbon emission conversion f actor f or electricity = 0.331 kgCO2
/kWh (6)

3. Results and Discussion

3.1. Pressure Relationships

Table 5 gathers the pressure relationships registered during each test in both ORs. The
results are separated for the periods of regular ventilation (occupation) and for the periods
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under ventilation setback (nonoccupation). Besides the average pressure differences regis-
tered, Table 5 shows the “nonconforming” cases that occur when the pressure difference
registered drops below 6 Pa. This value corresponds to the minimum accepted according
to the Spanish regulations, being the strictest among the two standards (Table 4), and the
revised literature [15,25]. The average and the minimum pressure differences registered
during these nonconforming periods are also shown.

Table 5. Results for the pressure relationships registered during the tests.

Test OR
Ventilation

Mode
Total Time

(h)
Average Pressure
Difference (ΔP)

Average Values
Nonconforming

Pressure Differences 1

(Pa)

Minimum Values
Nonconforming

Pressure Differences 1

(Pa)

1 OR1 Regular 26.5 15.7 1.4 0.0
Setback 52.2 15.5 na na

OR2 Regular 0.8 17.2 na na
Setback 77.9 14.9 na na

2 OR1 Regular 24.1 15.7 1.3 0.0
Setback 59.2 15.1 na na

OR2 Regular 8.7 15.4 na na
Setback 74.6 14.9 na na

3 OR1 Regular 13.6 15.1 1.7 0.0
Setback 0.0 na na na

OR2 Regular 5.9 14.6 na na
Setback 7.2 15.4 na na

4 OR1 Regular 20.0 15.0 1.1 0.0
Setback 45.5 15.1 na na

OR2 Regular 4.5 16.7 na na
Setback 60.9 14.8 na na

5 OR1 Regular 40.7 15.2 1.3 0.0
Setback 42.3 15.1 0.0 0.0

OR2 Regular 8.3 15.2 0.9 0.1
Setback 74.7 14.8 na na

1 Total time when the pressure differences registered are below 6 Pa. na: not applicable/no cases registered.

It can be seen that no nonconforming pressure relationships are registered during
setback operation, with the only exception of test 5 in OR1, while almost all the periods
under regular ventilation show nonconforming pressure relationships. This is due to the
positive pressure difference loss caused by the door opening, which will only occur during
occupation periods. These occupation periods are either for medical use of the ORs or for
cleaning and maintenance work. To better illustrate this, Figure 3 represents the percentage
of time when nonconforming pressure relationships occur for each test and OR when the
average pressure differences are maintained. Consequently, it can be concluded that the
ventilation setback does not compromise the pressure relationships required at ORs for
safety issues.

As an example, the results from OR1 during test 1 are graphed in Figure 4. It can
clearly be seen that the remarkable variations in the required 15 Pa pressure relationships
occur during occupation periods, hence the regular operation of the ventilation system.
On the contrary, during the nonoccupation periods when ventilation setback is applied,
the pressure relationship is almost stable at 15 Pa. Indeed, punctual losses of this pressure
difference only occur during occupation periods due to the door opening.
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Figure 3. Nonconforming pressure relationships (% time) and average pressure differences registered.

 

Figure 4. Pressure relationships registered in OR1 during test 1.

3.2. Energy and Emissions Savings

Table 6 gathers the energy and emissions savings calculated under the setback opera-
tion of the OR HVAC systems for the nonoccupation periods.

It can be seen that, with the exception of test 3, OR2 was unoccupied almost the whole
period (90–99% of the time), while OR1 remained unoccupied only during 50–70% of the
time. However, in the wintertime (tests 1 and 2), the thermal energy savings are lower for
OR2. This can be explained by having a closer look at the setback operating conditions:
whilst in OR1, the positive pressure was maintained with an average supply airflow of only
860–970 m3/h; in OR2, the required supply airflow could not be reduced below 1540 m3/h
without compromising the required relationships.

Electric energy savings in the fans are nonetheless higher for the cases when the
setback operates during longer periods. This is because the power required in the fans does
not vary so importantly for different airflows; indeed, the frequency converter for a supply
airflow of about 860 m3/h is close to 20 Hz, which results in approximately 850 W, while,
for 1540 m3/h, it keeps close to 35 Hz, implying 914 W.
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Table 6. Energy and emissions savings under the setback operation.

Test OR
Setback

Operation
(%Time)

Natural Gas
Energy Savings

(kWh)

Fans Electric
Energy Savings

(kWh)

Total Electric
Energy Savings

(kWh)

Total Carbon
Emissions
(kgCO2)

1
OR1 66% 541.0 54.9 54.9 149.1
OR2 99% 517.4 76.7 76.7 150.6

2
OR1 71% 614.9 58.6 58.6 168.2
OR2 90% 489.3 70.1 70.1 141.6

3
OR1 0% na na na na
OR2 55% 155.5 29.4 29.4 47.3

4
OR1 69% 50.8 47.5 78.4 28.1
OR2 93% 97.9 60.5 86.5 43.7

5
OR1 51% 32.9 41.6 75.0 21.7
OR2 90% 50.2 71.6 130.8 35.8

na: not applicable/no cases registered.

During the summer season (tests 4 and 5), electric energy savings are due not only to
the reduced airflow in the fans but also to the lower ventilation cooling loads, hence the
reduced energy consumption in the chiller. For the climate of the location, the midseason
test performed (test 3) did not imply a cooling demand; consequently, from test 1 to test 3,
all electric savings were due only to the reduced airflow in the fans.

A heating demand also occurs beyond the winter period due to the low nighttime tem-
peratures; since the ORs have no external walls, ventilation is the only thermal load during
nonoccupation, being necessary to heat the outdoor air up to the indoor set temperature.
In these cases, the influence of the higher setback supply airflow required in OR2 was not a
determinant of the heating energy savings because of the smaller differences between the
outdoor and supply air temperatures.

Therefore, the actual energy savings of the setback control will depend on the par-
ticularities of each OR, which will result in different needs of the setback supply airflow.
Figure 5 shows the hourly energy savings achieved through the setback for the winter and
summer tests—that is, the energy savings achieved related to the number of hours when
the setback is applied during these tests. It is clearly seen that the expected energy savings,
either for natural gas or electricity, will strongly depend on the OR.

 

Figure 5. Hourly energy savings achieved at each OR during the summer and winter periods.
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Finally, it is important to notice that humidification was not required during the tests;
otherwise, the energy savings related to the natural gas consumption would have been
even higher.

3.3. Annual Estimations

To provide a global view of the prospective annual savings, the analysis described
in Section 2.3 is extrapolated for a yearly basis. The Typical Meteorological Year data of
the hospital location is considered for the outdoor air operating conditions, while the set
supply airflow, temperature, and relative humidity correspond to the design conditions
given in Table 2. For the unoccupied periods, the less favorable supply airflow registered
during the tests of 1500 m3/h is considered.

To simplify the prediction of the non-occupied periods, an emergency OR is considered,
which is also used during the weekends. Use periods from 7:00 to 15:00 are considered
for the estimations. A ventilation setback is established at 1500 m3/h to evaluate the less-
favorable scenario. The temperature setback is adjusted to the set points given in Table 2.

The expected savings through the setback operation account for 15,884 kWh of natural
gas and 5498 kWh of electricity, corresponding to 75% and 69% energy savings, respectively,
which results in a 5664 kgCO2 reduction in the emissions. These predicted energy savings
correspond to the expected figures from the literature [16,17].

Since the actual use of the operating rooms is less, these calculations will be conser-
vative. This is justified regarding the use periods registered for the 15 ORs of general use
(Table 7). A typical operating schedule is from 8:00 to 15:00, though, usually, at 14:00, all
ORs are already no longer being used. On the contrary, the obstetrics and the burns ORs are
used on demand and, thus, present unusual occupation; while the obstetrics OR is usually
occupied during larger periods than the general ORs, the burns OR is rarely used.

Table 7. Average OR occupation periods registered in 1 week (general use ORs).

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Average (h) 8 8 9 9 7 1 2
Standard deviation (h) 1.5 2.1 2.1 1.9 1.7 0.9 2.8

If the results are extrapolated from the total of 18 ORs in the hospital, the annual
energy savings would account for 1.12% of the total natural gas and 0.64% of electric
energy consumed at the hospital during 2021, which would involve more than 9400 EUR
and 10,490 EUR, respectively, as well as a reduction in the carbon emissions of more than
100 tons of CO2. Since the real use periods of the ORs are shorter, the actual energy savings
are expected to be more than these estimations.

An investment to equip each OR requires 1682 EUR: 625 EUR for the exhaust fan
frequency converter and 200 EUR for the backdraft shutter to enable a pressure-independent
exhaust duct, 70 EUR for the occupancy sensor, 212 EUR and 340 EUR for the airflow and
the differential pressure sensors, respectively, 60 EUR for minor materials, and 175 EUR
for labor costs. For 18 ORs, this implies a total investment of 30,276 EUR, which would be
returned in less than two years. Moreover, provided that most ORs are already equipped
with most of these systems, the actual investment would be a minor cost.

4. Conclusions

The setback controls of Heating, Ventilation and Air Conditioning systems in Operat-
ing Rooms (ORs) can yield large energy savings in hospitals, but they must comply with
the safety regulations.

A ventilation setback requires air terminal units (pressure-independent) in both the
supply and return ductworks; otherwise, the pressure relationship cannot be guaranteed.
The supply airflow and pressure difference must be continuously measured and controlled.
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This work uses occupancy sensors to control the nonoccupation periods. These sensors
must cover the whole OR.

It is accepted that there are no indoor sources of pollutants during the nonoccupation
periods. The setback must be applied after a certain period since the last occupation of the
OR to ensure the remaining contaminants from the occupants are properly removed. In
this work, a 20-min lag was applied, which complied with the standards.

During the ventilation setback, there is no loss of the positive pressure difference
required at the ORs, which is nonetheless caused by the door opening during the occu-
pation periods. Consequently, the ventilation setback does not compromise the pressure
relationships required for safety issues.

Since the ventilation setback must be controlled to maintain the required positive
pressure inside the OR, the reduced supply airflow may be different for each space. Conse-
quently, the energy savings will vary among different ORs, even in the same hospital.

The expected annual energy savings for one OR reach 15,884 kWh of natural gas and
5498 kWh of electricity. The extrapolation for the 18 ORs yields conservative results due to
the actual short operating periods and accounts for 1.12% of the total natural gas and 0.64%
of the electric energy consumed at the hospital during 2021.
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