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ABSTRACT

In hospital, air conditioning and air treatment systems are of great importance both for functional and energetic
point of view. In fact, these systems must guarantee the conditions of hygrothermal air quality and comfort for
people (patients, staff, visitors), but also meet the operational requirements related to the medical activities in
specific environments or departments. In particular, diagnosis and surgical activities request to ensure a high
air quality conditions in order to ensure the appropriate environments of asepsis and hygiene [1-3]. The aim of
this study is to evaluate the possible energy saving solutions to optimize and reduce energy demand [4-5] in the
health facilities. Particular attention is focused to the operating theaters, which, because of the type of
technological systems used, have a major impact on energy demand the entire healthcare facility.
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1. ENERGY DEMAND IN HOSPITAL

In hospitals, the energy demand of the different areas can be
divided in form of thermal energy, cooling and electricity. The
complexity of the energy system of each structure may be
different from hospital to hospital as well as to the volume of
manufactured. In fact, the energy demand is closely related to:

- health activities that take place in it;

- its geographical location;

- the structural type and adopted plant

The use of different type of energy sources is due to the
implementation of different technology options and then to
specific operating costs and levels of different issues.

In the graphs below (Figure 1 and 2) is shown the values
and percentages of annual energy demand required for two

different hospitals located in the northern of Italy, respectively:

Zucchi Clinic (MB) and the City of Pavia Care Institute (PV)
- Reference year 2012.

The energy demand for Heating, Ventilation and Air
Conditioning (HVAC) is equal to 45% for the first structure
and of 69% for the second structure analyzed.

It denotes in both cases, that this request always results in a
higher percentage than all other requests and in the case of the
care institute City of Pavia, the contribution percentage is
higher of 50% higher.

Taking into consideration the same study, conducted for the
Zucchi clinic and the City of Pavia health institution, also
ensures that the demand for natural gas (methane gas) for
technological uses is particularly relevant to the request for
HVAC uses, and then for technological uses.
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Figure 1. Electricity demand (Zucchi Clinic)
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Figure 2. Electricity demand (Pavia Hospital)

In fact, the following charts (Figure 3 and 4) show that the
demand for natural gas is higher in the winter months with a




decreasing trend towards the period of the summer season.
This trend shows how this power request is connected to the
external environmental conditions, and then to an energy
demand attributable to the use of systems for heating and air
treatment in the winter period.

Among the utilities that affect significantly the demand for
energy (heat and electricity) for HVAC uses, are included
installations for air conditioning and air treatment within the
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rooms, and also the electricity demand of all auxiliary forming
part of such systems.

This is due to the high external air volumes treated and the
peculiar cycles and operating conditions in which they operate
the operating rooms (temperature 20-22 <C, and minimum air
flow 15 vol./h of outside air).

Not by chance it is precisely in these areas that the greatest
number of treatment plants with large external air flow is
installed.
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Figure 3. Natural gas inquiry (Zucchi Clinic)
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Figure 4. Natural gas inquiry (Pavia Hospital)

2. REFERENCE STANDARDS FOR MECHANICAL
SYSTEM PROJECT IN OPERATING ROOMS

For completeness of speech, it is necessary refers to the
reference standard in operating rooms design.

Laws and reference standards to be met in the design of
mechanical systems (HVAC) of the operating theaters are
shown below [6-10]:

- DPR 14 January 1997:"Act Approval of act of guidance
and coordination to regions and autonomous provinces of
Trento and Bolzano, in the field of structural, technological
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and organizational requirements for the' exercise of medical
activities by public structures and private. "the above only sets
the following parameters:

- Temperature winter and summer internal between 20 to
24 °C

- The air humidity in summer and winter of 40-60%

- Air time change (without external recirculation)

15 Vol./h (minimum volume)

- Air-Filtering 99.97%

UNI 11425 Ventilation system and air conditioning
controlled contamination (VCCC) for the operating theater -



Design, installation, commissioning, qualification,
management and maintenance, published on 22 September
2011.

The standard defines the requirements for VCCC system in
the operating block service and suggests the environmental
relative humidity requirements for the internal local
constituents the above-mentioned operating block (Fig.1).

ISPESL "Guidelines for the definition of safety standards
and environmental health departments of operators" 2009.

Regional Recommendations including in particular; in this
regard, on Italian territory, many regions have exuded the
applicable statutes lines, legislation whose validity of respect
has exclusively regional character.

As complement the Italian technical legislation is
customary reference to even the most important foreign
standards, and in particular the German DIN 1946-4
"Ventilation and air conditioning - Part 4: VAC systems in
buildings and rooms used in the health care sector" and the US
ASHRAE 170-2013 "Ventilation of Health Care Facilities".

The pressure conditions prescribed by the latter for the
various premises, in order to avoid possible contamination and
leakage of air flows, are also normally employed in Italy.

ISO 14644: 2015 - Cleanrooms and associated controlled
environments.

The different parts of the 1ISO 14644 standard defining the
characteristics of the operating rooms, more generally of the
clean room, relatively to the concentrations and sizes of
airborne particles.

This rule is used for classification of the performance of an
operating room in terms of air contamination level (ISO 5, ISO
7, etc).

In the table of Figure 5, extracted by the UNI 11425: 2011,
are shown the requirements of air ventilation systems, for the
contaminants (VCCC) of the different areas of the surgical unit,
in terms of temperature, relative humidity and filtration levels.

The table show it is possibility to performs, air recirculation
for operating theaters inclused in the classes 1SO5 and ISO7

3. ENERGY  SAVINGS
OPERATING BLOCK

STRATEGIES FOR

In order to allow the reduction of the energy demand of air
conditioning systems and air treatment in the operating rooms
service the following different strategies can be pursued:

- Management/Procedural

- Projectual

- Optimization of energy production systems and energy
recovery

The UNI 11425, in addition to defining the ones that are
requirements relating to the control of contamination and the
thermo-hygrometric control, poses a significant attention on
the possibility of energy saving by identifying the following
opportunities:

1. Recirculation of internal air

2. Load reduced operation during periods of non-activity of
the operating theater.

3. Heat recovery from the exhaust air

From the point of view of energy saving, the UNI 11425
proposes a new scenario about the design choices and the
operating procedures of the mechanical and technological
systems in general.

The opportunities offered by the application of the above
standard, allow an important energy saving in the energy

management of the operating block and then consequently
with positive repercussions for the entire energy expenditure
of the hospital, since a high energy demand is attributable to
the same operating block.

In continuation of the study, various energy saving
strategies listed above will be analyzed individually.
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Figure 5. System requirements control ventilation
air contaminants, operating

4. NEW APPROACH OF THE UNI 11425 IN INDOOR
AIR RECIRCULATION

Besides air change by legislatively prescribe (Vol. 15 min
/h), in general the VCCC plants require large air masses to
ensure:

1. High levels of decontamination.

2. Stability of the unidirectional flow

3. Low temperature difference between input air and
ambient air

In refer first point of the list, is more severe the
contamination control of the operating room (so the lower the
level of classification in accordance with ISO 14644: 2015)
and more will be the time of air filtration.

In this regard, is intuitively that for reduced the air, by the
contaminants, it is necessary to filter the air of the operating
room a more number of times possible, so that for each cycle,
the air is subjected at new filtering.

In the past, operator blocks were normally designed with
VCCC installations in external all-air, without recirculation,
with a flow of about 2025 Vol./h of outside air, in order to
ensure in each case, the high flow of air to meet the necessary
requirements to reduce contamination.

According to the latest regulatory updates and according to
the UNI 11425, the use of recirculated air in the individual
operating rooms is permitted only by ensuring that the air is
extracted and fed back into the same operating room.

Moreover, the same rule requires that the recirculated air is
well mixed with the fresh air and which is in any case subject
to the same stages of filtration to which the outside air is
subjected.



This a reduction of the external air flow (necessary for
maintaining adequate the levels of indoor pollutants), involves
a high reduction in energy demand for the treatment of the air
hygrometric outside.

In the graphs below (Figure 6 and 7) is shown the result of
an energy simulation to an all-air system with external service
to an operating room of 60 m? area located in a hospital near
Milan. Where, for the attainment of adequate levels of air
contamination, 25 vol./h of air circulated from the treatment
and air filtration system are required.

In the first condition is assumed a whole outside air
condition in the second condition it is assumed that only 15
vol./h are related to outside air and the remaining 10 vol./h of
air are recirculated.

The operating rooms are in depression compared to
neighboring premises.

The following Table 1 and Table 2, show the summary of
monthly results of the Thermal Energy demand for air
treatment in the processes surgery.

Table 1. Thermal Energy demand air treatment surgery

All air External Partial recirculation

Thermal Energy Thermal Energy

kWwh klwvh
Jan 51383 29581
Feb 43533 18 284
Mar 21410 5992
Apr 6581 2764
Oct 14 273 5995
Nov 39251 16 485
Dec 44 246 18 584
Tot 220 677 92 684

Table 2. Energy demand for cooling air treatment surgery

All air External Partial
recirculation
Cooling Energy Cooling Energy
kivh kWh
May 14989104 3893
Jun 18736,38 11242
Jul 24942 06 14 965
Aug 22316,58 13 390
Sep 18736,38 11242
Tot 99721 59 832

-

Current legislation imposes the values imposed by (Decree
of the President of the Republic of 01.14.1997)

It shows as in terms of energy savings, during the winter
period it is possible to achieve a saving of heat energy equal to
42%, while during the summer period, the saving of cooling
energy achievable is 60%.

In the results following, they are not shown the values and
comparison relatively to the humidification and
dehumidification of the air as well as the post-heating.
However, even for such type of treatment the energy saving is
tangible.

The cooling systems in hospitals during summer season are
faced with increases in thermal loads, due to asymmetry of the
mean radiant temperature, which is often aggravated by
orientation of the structure [11-13].

The development and use of new technologies, "e-sensing”,
for monitoring in the hospital fields, [14-16], in urban settings:
for the detection of pollutants main [17-21], and in the ambient
of museums, [22-25], allows you to take into account the

synergies between all monitoring parameters and the
consequences of the exceeding the of parameters of risk.

In the field of eco-friendly air conditioning systems and in
line with the new energy-saving policies, significant progress
has been achieved and are desirable in the near future for these
applications [26-30].
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Figure 6. Comparison between external all-air system and
partial recirculation in winter season

20000

m25vol.amb./h
m15 vol.amb/h

25000

20000

15000

Energia Frigorifera [KWh]

10000 -

5000 -

o 1

May Jun Jul Aug Sep

S445

Figure 7. Comparison between external all-air system and
partial recirculation in summer season

5. RECOVERY OF HEAT, EXHAUST AIR

With regard to heat recovery, the UNI 11425 refers to the
possibility of heat recovery. In particular, it reports in its text
that: "In particular, the heat recovery systems must be selected
and installed in such a way as to ensure the absence of
infiltrations or the transmission of contaminants between the
exhaust air flow and the fresh air flow "

Since it is not subject to cross contamination phenomena,
the frequently used system relative to the heat recovery from
the air expelled into the operating room is constituted by a
hydronic system. It consists of two independent batteries of
heat exchanger, respectively installed on the exhaust air duct
and on the inlet air duct, and of a hydronic circuit that allows
the transfer of thermal energy between the two sections,
respectively (expulsion and primary air entry) (Fig.8).

Such energy recovery system is characterized by:

Sensible heat recovery (it is not possible to make recovery
of latent heat)

Considerable values of sunshine efficiency in high
temperature difference condition between the value of the
entry and ejection temperature.



- The flow values of air injection and expulsion must be next
to each other.

High load loss in areaulica distribution circuits (220-300 Pa),
and then consequently high electric power demand of the
fans.

It is not subject to possible cross-contamination phenomena
because the supply air flows and expulsion air, are not
physically in contact with each other.

From an energy point of view, such some systems are
characterized by a reduced value of energy efficiency, as the
values of the temperature differences are particularly reduced.

So, for most of the time it is appropriate that the heat
recovery system is escluse, that in order to avoid an increased
demand for electrical energy on the part of fans.

Therefore Is evident, the importance of the energy recovery
from by the exhaust for air flow treated in the plant.

Hence the classical scheme described above, consisting of
an air/water battery on the expelled air, a hydraulic circuit
served by a pump, and from another air/water battery inside
the unit, is considered unsatisfactory.

Therefore, in order to optimize the energy recovery, it is
possible to employ a reversible water/water type heat pump,
ideally placed between the exhaust air ejection section and the
input section. In this case, two separate circuits are realized in
order to hydraulically connect the primary circuit of the heat
pump and the secondary one, always of the heat pump with the
air expulsion section.

During the winter (Fig. 9), the heat pump extracts heat from
the air that come out from the building, characterized by a
constant value of temperature (around 22 °C), and transfers
this energy to the renewal air flow which has a variable
temperature (eg. Milan, from -5 °C to 20 °C), therefore with
an average value of temperature of 7 °C.

Exchanging heat by a source at 22 °C, the heat pump can
work with a COP value greater than 4, therefore it is generally
more convenient compared it to the production by a traditional
generator source.

In this way, the system is so designed to be substantially
independent of the outside air temperature value.

Assuming an EERPDC-REC (Energy Efficiency Ratio)
value of approximately 4 for the heat pump in the cooling
energy production, it is necessary to make a consideration on
the convenience to use this type of recovery or a new
reconfiguration plant such as to maximize the exploitation of
the heat recovery system. In this case, during the summer
season the heat pump should be used in the opposite way.

However, in order to verify the energy and economic
convenience, it is necessary to compare the EER value of the
heat pump with that of the existing centralized system.

In this case, two different scenarios can be evaluated:

a) If the value of EER of the heat recovery pump system
is greater than the one of the centralized system EERcent
(considering a same energy request for auxiliaries), it is
convenient to use the recovery heat pump system. In this
condition, the plant configuration is shown in Figure 9.

b)  In the case in which the EERcent is greater than the
one of the heat recovery pump system (e.g. using a condensate
centrifugal chillers water by evaporative towers — EER=6),
there is no convenience in the cooling energy production at the
expense of production by the central system. Given that the
efficiency of production of thermal energy from said heat
pump is greater than conventional systems employing
conventional combustibility, it is considered more appropriate
to use a heat of the " type polyvalent pump "for the production
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of thermal energy in order to meet the demand for energy of
the post-heating system.

The cooling energy obtainable, simultaneously with the
production of thermal energy, thanks to the use of a polyvalent
heat pump is used for pre-cooling the renewal air thanks to a
simple hydronic circuit and so almost free. In this condition,
the plant configuration is shown in (Fig. 10)

From the considerations made, it is clear that it is not
immediate evaluate and estimate of the energy savings,
obtained with the heat recovery system.

It also necessary to consider, in the energy balance, the
demand for energy arising from the auxiliary systems (pumps
and fans) consequently to the different operating conditions or
in the presence or absence of a heat recovery system.
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Figure 9. Active recovery system-winter

6. LOAD REDUCTION DURING IN PERIODS OF NON
ACTIVITY

According to the UNI 11425, for the purposes of reducing
energy consumption in the condition of non-operation of the
operating block, is allowed to reduce the flow of fresh air to
the minimum values.

Furthermore, is necessary maintaining the premises in
overpressure, compared to other environments, and to hold



them cleans by to possible contamination releases from objects
present or from chemical contamination.

In this respect, also the 2009 ISPESL Guidelines allow to
reduce the flow of external air towards the inactive operating
rooms, at a minimum of 6 Vol./h.

In a similar way, as discussed in the previous chapter, the
reduction of the external air flow significantly reduces the
energy demand during periods in which operating rooms are
not in activity.

The operating conditions given by the UNI 11425,
compared to the ISPESL Guideline 2009, allow a greater
energy saving, and are the necessary to ensure the
overpressure is the optimal one.

However, such air exchange value depends on the type and
constitution of the operating room. In any case must be
guaranteed, even during the non-employment of the operating
room, that any polluting substance, released into the internal
environment, is removed thanks to the treatment system of air.
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7. CONCLUSIONS

The energy for Heating, Ventilation and Air Conditioning
required in the hospitals service is particularly relevant.

On valuations of their contribution are influenced by the
nature of the operating blocks area for the significant hourly
energy demand for the treatment of the air renewable

In order to reduce the energy demand for the air treatment
of the surgical unit, the application of the standard UNI 11425
allows a high energy savings as a result of both design and
management approach.

Among all the rules, this rule clarifies the concept that the
entire flow of the air introduced inside the operating room not
it must be exclusively external, but it is also allowed the air
recirculation.

And hence is a prejudice, the assumption, that is required,
for the satisfaction of some requirements, only the air
renovable external.

In this regard, a heat recovery system of thermodynamic
type, using a water/water heat pumps, are particularly
advantageous and allow to significantly reduce the energy
requirements for the air treatment both in the winter than in the
summer period.
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The heat recovery from the exhaust air plays a main role in
order to allow a high energy saving.

With regard to the heat recovery it is considered necessary
that any design choice intended for an energy-saving
intervention must be supported by energy evaluation accurate.
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