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admitted and conditioned using the remaining load ca-
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the one or more comfort conditions in the building space
is determined. A fresh air intake damper position for the
fresh air intake damper that increases the fresh air ven-
tilation air flow through the fresh air intake damper by a
fraction of the maximum additional fresh air ventilation
air flow is determined. The fraction may be based at least
in part on one or more of a temperature factor and an air
quality factor. The fresh air intake damper is set to the
determined fresh air intake damper position.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to methods and systems for operating a Heating, Ventilating and Air Conditioning
(HVAC) system.

BACKGROUND

[0002] HVAC systems provide conditioned air for heating and cooling the interior of a building. Some HVAC systems
also can provide fresh air ventilation into the building while exhausting an equivalent amount of inside air. Such fresh
air ventilation is useful in reducing contaminates produced in the building. However, there are often costs involved in
conditioning the fresh air before it can be deployed in the building. For example, in the winter, the cold fresh air must
typically be heated by the HVAC system, and in some cases, humidity must be added. Likewise, in the summer, the
warm fresh air must typically be cooled by the HVAC system, and in some cases, humidity must be removed. Thus, to
reduce operating costs, it is often desirable to minimize the ventilation rate while still adequately ventilating the building
given the current contaminates or expected contaminates in the building.

[0003] Under some conditions, such as during a pandemic, it may be desirable to prioritize an increased ventilation
rate over energy costs to help reduce the spread of pathogens within the building. Under these conditions, if the ventilation
rate is set too high, given the current indoor and outdoor conditions, the HVAC system may lack the heating and/or
cooling capacity to adequately condition the incoming fresh air while still maintaining occupant comfort in the building.
What would be desirable are methods and systems for operating an HVAC system to provide adequate ventilation while
minimizing energy usage and maintaining comfort.

SUMMARY

[0004] The presentdisclosure relates to methods and systems for operating a Heating, Ventilating and Air Conditioning
(HVAC) system. An example may be found in a method for controlling a fresh air intake of an Air Handling Unit (AHU)
ofan HVAC (Heating, Ventilating and Air Conditioning) system servicing a building space of a building. The AHU includes
a fresh air intake damper for admitting a fresh air ventilation air flow, a return air duct for receiving return air from the
building space, and a mixed air duct for mixing the fresh air ventilation air flow from the fresh air intake damper and
return air from the return air duct and providing a mixed air flow to a heating and/or cooling unit of the AHU which supplies
a supply air flow to the building space. In this example, the AHU also includes a fan for providing a motive force to move
the return air, the fresh air ventilation air flow, the mixed air flow and the supply air flow through the AHU. The AHU also
has a load capacity. The illustrative method includes determining a current load on the AHU that is used to maintain one
or more comfort conditions in the building space and determining a remaining load capacity of the AHU, wherein the
remaining load capacity is the load capacity that is currently not being used to maintain the one or more comfort conditions
in the building space. The illustrative method includes determining a maximum additional fresh air ventilation air flow
that could be admitted and conditioned using the remaining load capacity of the AHU such that the AHU could still
maintain the one or more comfort conditions in the building space. The illustrative method includes determining a fresh
air intake damper position for the fresh air intake damper that increases the fresh air ventilation air flow through the fresh
air intake damper by a fraction of the maximum additional fresh air ventilation air flow, wherein the fraction is based at
least in part on one or more of a temperature factor and an air quality factor. The fraction may be between 0 and 1. The
illustrative method includes setting the fresh air intake damper to the determined fresh air intake damper position.

[0005] Another example may be found in an Air Handling Unit (AHU) for servicing a building space of a building. The
illustrative AHU includes a heating and/or cooling unit, a fresh air intake damper for admitting a fresh air ventilation air
flow, a return air duct for receiving return air from the building space, and a mixed air duct for mixing the fresh air
ventilation air flow from the fresh air intake damper and return air from the return air duct and providing a mixed air flow
to the heating and/or cooling unit which supplies a supply air flow to the building space. The illustrative AHU includes a
fan for providing a motive force to move the return air, the fresh air ventilation air flow, the mixed air flow and the supply
air flow through the AHU. The AHU has a load capacity. The AHU includes a controller that is configured to determine
a current load on the AHU that is used to maintain one or more comfort conditions in the building space and to determine
aremaining load capacity of the AHU, wherein the remaining load capacity is the load capacity that is currently not being
used to maintain the one or more comfort conditions in the building space. The controller is configured to determine a
maximum additional fresh air ventilation air flow that could be admitted and conditioned using the remaining load capacity
of the AHU such that the AHU could still maintain the one or more comfort conditions in the building space. The controller
also is configured to determine a fresh air intake damper position for the fresh air intake damper that increases the fresh
air ventilation air flow through the fresh air intake damper by a fraction of the maximum additional fresh air ventilation
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air flow, wherein the fraction is based at least in part on one or more of a temperature factor and an air quality factor.
The controller is configured to set the fresh air intake damper to the determined fresh air intake damper position.
[0006] Another example may be found in a method for controlling a fresh air intake of an Air Handling Unit (AHU) of
an HVAC (Heating, Ventilating and Air Conditioning) system servicing a building space of a building. The illustrative
method includes estimating a minimum volume of fresh air that will need to be admitted by the AHU to maintain a
predetermined air quality parameter below a threshold level in the building space over a predetermined time period into
the future. The illustrative method includes forecasting one or more outdoor conditions and one or more indoor conditions
including temperature and air quality conditions over the predetermined time period into the future. Based on the fore-
casted one or more outdoor conditions and one or more indoor conditions, determining for each of a plurality of time
intervals over the predetermined time period a dilution factor that represents an estimated change in the predetermined
air quality parameter in response to replacing a predetermined fraction of the air in the building space, an energy factor
that represents an estimated thermal energy required to condition the predetermined fraction of the air in the building
space, and a cost/benefit factor that represents a ratio of the dilution factor and the energy factor. The illustrative method
includes assigning a portion of the estimated minimum volume of fresh air to each of the plurality of time intervals of the
predetermined time period based at least in part on the cost/benefit factors so as to minimize a total energy consumption
of the AHU over the predetermined time period into the future. The method includes, during a first one of the plurality of
time intervals, setting the fresh air intake of the Air Handling Unit (AHU) to admit the portion of the minimum volume of
fresh air assigned to the first one of the plurality of time intervals.

[0007] The preceding summary is provided to facilitate an understanding of some of the innovative features unique
to the present disclosure and is not intended to be a full description. A full appreciation of the disclosure can be gained
by taking the entire specification, claims, figures, and abstract as a whole.

BRIEF DESCRIPTION OF THE FIGURES

[0008] The disclosure may be more completely understood in consideration of the following description of various
examples in connection with the accompanying drawings, in which:

Figure 1 is a schematic block diagram showing an illustrative Air Handling Unit (AHU) that forms part of a Heating,
Ventilating and Air Conditioning (HVAC) system servicing a building space;

Figure 2 is a schematic view of relationships between air quality parameters and corresponding urgency factors;
Figure 3 is a flow diagram showing an illustrative method for controlling a fresh air intake of an AHU;

Figures 4A and 4B are flow diagrams that together show an illustrative method for controlling a fresh air intake of
an AHU; and

Figure 5 is a flow diagram showing an illustrative method for performing safety checks when mode transition occurs
to ensure that thermal comfort is not compromised.

[0009] While the disclosure is amenable to various modifications and alternative forms, specifics thereof have been
shown by way of example in the drawings and will be described in detail. It should be understood, however, that the
intention is not to limit the disclosure to the particular examples described. On the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the disclosure.

DESCRIPTION

[0010] The following description should be read with reference to the drawings, in which like elements in different
drawings are numbered in like fashion. The drawings, which are not necessarily to scale, depict examples that are not
intended to limit the scope of the disclosure. Although examples are illustrated for the various elements, those skilled
in the art will recognize that many of the examples provided have suitable alternatives that may be utilized.

[0011] Allnumbers are herein assumed to be modified by the term "about", unless the content clearly dictates otherwise.
The recitation of numerical ranges by endpoints includes all numbers subsumed within that range (e.g., 1 to 5 includes
1,15, 2,275, 3, 3.80, 4, and 5).

[0012] As used in this specification and the appended claims, the singular forms "a", "an", and "the" include the plural
referents unless the content clearly dictates otherwise. As used in this specification and the appended claims, the term
"or" is generally employed in its sense including "and/or" unless the content clearly dictates otherwise.

[0013] Itis noted that references in the specification to "an embodiment”, "some embodiments”, "other embodiments”,
etc., indicate that the embodiment described may include a particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular feature, structure, or characteristic. Moreover, such phrases are
not necessarily referring to the same embodiment. Further, when a particular feature, structure, or characteristic is
described in connection with an embodiment, it is contemplated that the feature, structure, or characteristic is described
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in connection with an embodiment, it is contemplated that the feature, structure, or characteristic may be applied to other
embodiments whether or not explicitly described unless clearly stated to the contrary.

[0014] Figure 1 is a schematic block diagram showing an illustrative Air Handling Unit (AHU) 10 that may form part of
a Heating, Ventilating and Air Conditioning (HVAC) system servicing a building space 12. The building space 12 may
represent an entire building, for example, or a single floor or zone within a building. The AHU 10 includes a fresh air
intake damper 14 for admitting a fresh air ventilation flow from outside of the building. The AHU 10 includes a return air
duct 16 for receiving return air from the building space 12. The AHU 10 includes a mixed air duct 18 for mixing a fresh
air ventilation air flow 20 from the fresh air intake damper 14 and return air from the return air duct 16 and provides a
mixed air flow 22. The mixed air flow 22 flows to a heating and/or cooling unit 24. In some instances, as shown, a fan
26 may be disposed between the mixed air duct 18 and the heating and/or cooling unit 24. In some instances, the heating
and/or cooling unit 24 may be disposed between the mixed air duct 18 and the fan 26. In either case, the fan 26 provides
a motive force to move the return air within the return air duct 16 and the fresh air ventilation air flow 20. In some instances,
the fan 26 also provides a motive force to move the supply air flow 28. In some instances, the fan 26 also provides a
motive force to move the mixed air flow 22. The heated or cooled air exiting the heating and/or cooling unit 24 represents
a supply air flow 28 that is provided to the building space 12. In some instances, the AHU 10 may include one fan 26,
or may include two or more fans 26 that may be distributed within the AHU 10. The AHU 10 includes a control valve 30
that is configured to control the flow of a heating or cooling fluid into the heating and/or cooling unit 24, including an inlet
flow 30a and an outlet flow 30b. The AHU 10 has a load capacity that provides an indication of a maximum amount of
heat that the AHU 10 is able to transfer between a heating or cooling fluid and air being blown through the AHU 10.
[0015] A controller 32 is operatively coupled to the fresh air intake damper 14, the heating and/or cooling unit 24 and
the fan 26. The controller 32 is configured to determine a current load on the AHU 10 that is used to maintain one or
more comfort conditions in the building space 12 and to determine aremaining load capacity of the AHU 10. The remaining
load capacity is the load capacity of the AHU 10 that is currently not being used, and more particularly, not being used
to maintain the one or more comfort conditions in the building space 12. From this, the controller 32 is configured to
determine a maximum additional fresh air ventilation air flow that could be admitted and conditioned by the AHU 10
using the remaining load capacity of the AHU 10 such that the AHU 10 could still maintain the one or more comfort
conditions in the building space 12. The controller 32 is configured to determine a fresh air intake damper position for
the fresh air intake damper 14 that increases the fresh air ventilation air flow 20 through the fresh air intake damper 14
by a fraction of the maximum additional fresh air ventilation air flow. The fraction is based at least in part on one or more
of a temperature factor and an air quality factor. The controller 32 is configured to set the fresh air intake damper 14 to
the determined fresh air intake damper position.

[0016] Insomeinstances, the fraction may be based atleastin part upon a temperature factor, wherein the temperature
factor is dependent on a temperature difference between an outside air temperature, representative of a temperature
of the fresh air ventilation air flow 20, and an inside air temperature, representative of a temperature of the return air
flowing through the return air duct 16. Alternatively, or in addition, the fraction may be based at least in part upon an air
quality factor, wherein the air quality factor is dependent on an air quality parameter that is representative of a measure
of air quality in the building space 12. In some instances, the fraction may be set to a first weighted sum of the temperature
factor and the air quality factor using first weights when the temperature factor and/or the air quality factor meet one or
more first predefined conditions and the fraction may be set to a second weighted sum of the temperature factor and
the air quality factor using second weights when the temperature factor and/or the air quality factor meet one or more
second predefined conditions, wherein at least one of the second weights is different from at least one of the first weights.
[0017] Insome instances, the air quality factor may be dependent on an urgency factor and a favorability factor, where
the urgency factor may be dependent on a value of the air quality parameter along a predetermined air quality parameter
value range, and the favorability factor may be dependent on a comparison between the air quality parameter that is
representative of the measure of air quality in the building space and an air quality parameter that is representative of
a measure of air quality outside of the building. In some instances, the air quality factor may be dependent on the urgency
factor multiplied by the favorability factor, where the favorability factor may be set to zero when the air quality parameter
that is representative of the measure of air quality outside of the building is worse than the air quality parameter that is
representative of the measure of air quality in the building space and the favorability factor may be set to one when the
air quality parameter that is representative of the measure air quality outside of the building is better than the air quality
parameter that is representative of the measure of air quality in the building space 12.

[0018] In some instances, the factor may be given by the equation below:
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factorory =
factory, * 0.2 + factoryepyy, * 0.8, factoryey, > 0.85 and factor,, # 1 (purge mode)
factory,, factor,, = 1 (atleast one IAQ has breached threshold)
factory, * 0.8 + factorienmy, * 0.2, factor,, > 0.5 (high urgency in the zone)
factory, * 0.5 + factorien, * 0.5, otherwise (factor,, < 0.5and factoriep, < 0.85)

>

q

where:

factoriem, :temperature factor; £[0, 1]

factoraq total air quality factor; £[0, 1]

factor,, = max (factorc,, factorpy, s, factorryoc).
[0019] In some instances, air quality factors factorc,, factorpyy, s, factorr,oc are calculated for each air quality con-
taminate CO,, PM; 5 and TVOC, respectively, and the air quality factor,, may be the maximum of the air quality factors
factorq,, factorpyy, 5, factorryoc

[0020] In some cases, each of the air quality factors factorc,, factorpyy s, factorryoc is defined by a corresponding
favorability factor Spo,, Bpg.s: @nd Bryoc and a corresponding urgency factor aco,, appyp 5 @and arype, such follows:

factoreo, = Aco2Bco02
factorpy,s = Apy2sPpuzs

factorryoc = AryocPrvoc

In some cases, the favorability factors fco,, fppp.5: and Bryoc may be defined as follows:

_ |10, Outdoorge, < Indoorgg,
€02 71 0.0, Outdoorcy, = Indoorey,

1.0, Outdoorppyzs < Indoorpyss
0.0, Outdoorpy,s = Indoorpy, s

Bpumzs = {

1.0, Outdoorryoc < Indoorryoc
0.0, Outdoorryoc = Indoorryoc’

Brvoc = {

[0021] The urgency factor acp,, @ppp 5 aNd aryocMay be determined as shown and described with respect to Figure 2.
[0022] In some instances, the temperature factor may be determined as follows:

For Cooling:

[0023]
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factoriemy
( 0.0, diff = 20.0°F (OA is too hot (expensive) for cooling)
| 1.0, — 15 < dif f < 0°F (OA is very favorable; free cooling)
= 0.0, dif f < —15°F (OA is too cold for zone comfort)
diff —0°F .
~ 20°F —0°F 0°F < dif f < 20°F (OA needs to cooled by AHU for zone comfort)
For Heating:
[0024]
factoriemy
{ 0.0, diff < —15.0°F (OA 1is too cold (expensive) for heating)
1.0, 0°F < diff < 20°F (OA 1s very favorable;free heating)
= 4 0.0, diff = 20°F (OA 1s too hot for zone comfort)

diff — (~15F) .
l = , —15°F < dif f < 0°F (OA needs to heated by AHU for zone comfort)
0°F — (—15°F)

where diff = temp OutdoorAir ~ tempReturnAir-

[0025] Figure 2is a schematic view of relationships between air quality parameters and corresponding urgency factors
Aoy %pme.s @and aryoc. Figure 2 includes a graphical representation 34 that shows numerical values for the urgency
factor o, corresponding to various CO, concentrations. In the example shown, if the CO, concentration is below 700
ppm (parts per million), the urgency factoragq, is set equal to 0.2. If the CO, concentration is between 700 ppm and
725 ppm, the urgency factor o, is set equal to 0.3, for example. If the CO, concentration is between 775 ppm and
787.5 ppm, the urgency factor a¢, is set equal to 0.9. If the CO, concentration is above 787.5 ppm, or above 800 ppm
(which is the CO, threshold), the urgency factor a¢, is set equal to 1.0.

[0026] Figure 2 also includes a graphical representation 36 that shows numerical values for the urgency factor apy 5
corresponding to various PM, 5 (particulate matter) concentrations. In the example shown, if the PM, 5 concentration is
below 20.0 ug/m3 (micrograms per cubic meter), the urgency factor apy,, 5 is set equal to 0.2. If the PM, 5 concentration
is between 20.0 ug/m3 and 21.0 ug/m3, the urgency factor ap, 5 is setequal to 0.3. If the PM, 5 concentration is between
23.0 ug/m3 and 23.5 ug/m3, the urgency factor apy,, 5 is set equal to 0.9. If the PM, 5 concentration is between 23.5
ug/m3 and 24.0 ug/m3, or above 24.0 ug/m?3 (the PM,, 5 threshold), the urgency factor apy, 5 is set equal to 1.0.
[0027] Figure 2 also includes a graphical representation 38 that shows numerical values for the urgency factor ao¢
corresponding to various TVOC (total volatile organic compounds) concentrations. In the example shown, if the TVOC
concentration is below 0.25 mg/m3 (milligrams per cubic meter), the urgency factor ay,o ¢ is set equal to 0.2. If the TVOC
concentration is between 0.25 mg/m3 and 0.30 mg/m3, the urgency factor aryoc is set equal to 0.3. If the TVOC
concentration is between 0.4 mg/m3 and 0.425 mg/m3, the urgency factor aryoc is set equal to 0.9. If the TVOC
concentration is between 0.425 mg/m3 and 0.45 mg/m3, or above 0.45 mg/m3 (the TVOC threshold), the urgency factor
atyoc is set equal to 1.0. These are just examples. In some cases, a facilities manager or the like may program a
different relationship between the urgency factors and the various concentration levels, if desired.

[0028] Figure 3 is a flow diagram showing an illustrative method 40 for controlling a fresh air intake of an Air Handling
Unit (AHU) (such as the AHU 10) of an HVAC (Heating, Ventilating and Air Conditioning) system servicing a building
space (such as the building space 12) of a building. The AHU includes a fresh air intake damper (such as the fresh air
intake damper 14) for admitting a fresh air ventilation air flow (such as the fresh air ventilation air flow 20), a return air
duct (such as the return air duct 16) for receiving return air from the building space, a mixed air duct (such as the mixed
air duct 22) for mixing the fresh air ventilation air flow from the fresh air intake damper and return air from the return air
duct and providing a mixed air flow to a heating and/or cooling unit (such as the heating and/or cooling unit 24) of the
AHU which supplies a supply air flow to the building space. In this example, the AHU also includes a fan (such as the
fan 26) for providing a motive force to move the return air, the fresh air ventilation air flow, the mixed air flow and the
supply air flow through the AHU. The AHU also has a load capacity.

[0029] The illustrative method includes determining a current load on the AHU that is used to maintain one or more
comfort conditions in the building space, as indicated at block 42. A remaining load capacity of the AHU is determined,
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wherein the remaining load capacity is the load capacity that is currently not being used, and more particularly, not being
used to maintain the one or more comfort conditions in the building space, as indicated at block 44. A maximum additional
fresh air ventilation air flow is determined that could be admitted and conditioned using the remaining load capacity of
the AHU such that the AHU could still maintain the one or more comfort conditions in the building space, as indicated
at block 46. A fresh air intake damper position is determined for the fresh air intake damper that increases the fresh air
ventilation air flow through the fresh air intake damper by a fraction of the maximum additional fresh air ventilation air
flow, wherein the fraction is based at least in part on one or more of a temperature factor and an air quality factor, as
indicated at block 48. The fresh air intake damper is set to the determined fresh air intake damper position, as indicated
at block 50.

[0030] In some instances, the fraction may be based at least in part on a temperature factor, wherein the temperature
factor is dependent on a temperature difference between an outside air temperature, representative of a temperature
of the fresh air ventilation air flow, and an inside air temperature, representative of a temperature of the return air. As
an example, the temperature factor may be set to zero when the temperature difference is outside of a first predetermined
temperature difference range and the temperature factor may be set to one when the temperature difference is within
a second predetermined temperature difference range. In some instances, the temperature factor may be scaled between
zero and one based at least in part on the temperature difference when the temperature difference is within a third
predetermined temperature difference range.

[0031] In some instances, the fraction may be based at least in part on an air quality factor, wherein the air quality
factor is dependent on an air quality parameter that is representative of a measure of air quality in the building space.
In some instances, the air quality factor may be dependent on an urgency factor and a favorability factor, where the
urgency factor may be dependent on a value of the air quality parameter along a predetermined air quality parameter
value range (see Figure 2) and the favorability factor may be dependent on a comparison between the air quality
parameter that is representative of the measure of air quality in the building space with an air quality parameter that is
representative of a measure of air quality outside of the building. In some instances, the air quality factor is dependent
on the urgency factor multiplied by the favorability factor, where the favorability factor may be set to zero when the air
quality parameter that is representative of the measure of air quality outside of the building is worse than the air quality
parameter that is representative of the measure of air quality in the building space and the favorability factor may be set
to one when the air quality parameter that is representative of the measure air quality outside of the building is better
than the air quality parameter that is representative of the measure of air quality in the building space.

[0032] Insome instances, the fraction may be based at least in part on the temperature factor and the air quality factor,
where the temperature factor may be dependent on a temperature difference between an outside air temperature,
representative of a temperature of the fresh air ventilation air flow, and an inside air temperature, representative of a
temperature of the return air. The air quality factor may be dependent on an air quality parameter that is representative
of a measure of air quality in the building space.

[0033] In some instances, the fraction may be set to a first weighted sum of the temperature factor and the air quality
factor using first weights when the temperature factor and/or the air quality factor meet one or more first predefined
conditions and the fraction may be set to a second weighted sum of the temperature factor and the air quality factor
using second weights when the temperature factor and/or the air quality factor meet one or more second predefined
conditions, wherein at least one of the second weights is different from at least one of the first weights. In some instances,
the air quality factor may be a maximum of a plurality of individual air quality factors, wherein each of the plurality of
individual air quality factors relates to a different one of a plurality of air quality parameters. As an example, the plurality
of air quality parameters may include two or more of CO,, PM2.5 and TVOC. In some instances, the fraction may be
based at least in part on two or more of a temperature factor, an air quality factor and a humidity factor.

[0034] Figure 4 is a flow diagram showing an illustrative method 52 for controlling a fresh air intake of an Air Handling
Unit (AHU) (such as the AHU 10) of an HVAC (Heating, Ventilating and Air Conditioning) system servicing a building
space (such as the building space 12) of a building. The illustrative method 52 includes estimating a minimum volume
of fresh air that will need to be admitted by the AHU to maintain a predetermined air quality parameter below a threshold
levelin the building space over a predetermined time period into the future, as indicated at block 54. One or more outdoor
conditions and one or more indoor conditions including temperature and air quality conditions are forecasted over the
predetermined time period into the future, as indicated at block 56. Based on the forecasted one or more outdoor
conditions and one or more indoor conditions, determining for each of a plurality of time intervals over the predetermined
time period a dilution factor that represents an estimated change in the predetermined air quality parameter in response
to replacing a predetermined fraction of the air in the building space is determined, as shown at block 60. Based on the
forecasted one or more outdoor conditions and one or more indoor conditions, a cost/benefit factor that represents a
ratio of the dilution factor and the energy factor is determined, as shown at block 60.

[0035] Continuing on Figure 4B, a portion of the estimated minimum volume of fresh air is assigned to each of the
plurality of time intervals (e.g. each hour) of the predetermined time period (e.g. 24 hours) based at least in part on the
cost/benefit factors so as to minimize a total energy consumption of the AHU over the predetermined time period (e.g.
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24 hours) into the future, as shown at 64. The method includes, during a first one of the plurality of time intervals (e.g.
during the first hour), setting the fresh air intake of the Air Handling Unit (AHU) to admit the portion of the minimum
volume of fresh air assigned to the first one of the plurality of time intervals, as shown at 66. In some instances, after
the first one of the plurality of time intervals (e.g. after hour 1), the estimating, forecasting, determining, assigning and
setting steps are repeated for the predetermined time period (e.g. 24 hours + 1 Hour) but now starting at the end of the
first one of the plurality of time intervals, taking into consideration the actual volume of fresh air that was able to be
achieved during the first one of the plurality of time intervals, as indicated at block 68. In some instances, for various
reasons, the AHU may not be able to meet the assigned fresh air intake for a particular time interval (e.g. for a particular
hour). As an example, when cooling, the outside air may be too warm to efficiently bring in sufficient fresh air during a
particular time interval. As another example, the indoor space may be unexpectedly empty during a time interval in which
occupancy is forecasted. In another example, during operation of the AHU during a particular one of the plurality of time
intervals, the temperature factor, favorability factor, urgency factor or some other operating condition may prevent the
AHU from meeting the fresh air intake assigned to that particular interval. As such, and in some instances, at the end
of the first time interval, the AHU may recalculate the fresh air intake for each interval during the next 24 hours in order
to compensate for a fresh air intake shortfall during the first time interval. Alternatively, or in addition, the AHU may
recalculate the fresh air intake for the next 24 hours in order to compensate for changes in conditions and/or changes
in forecasted ventilation needs.

[0036] In some instances, whenever a mode transition is indicated, such as transitioning from a comfort mode to an
energy mode, or from a comfort mode to a health mode, or from an energy mode to a health mode, for example, checks
may be performed to ensure that thermal comfort is not compromised. An example may be if the mode transition will
mean an increase in fresh air being brought into the building, but the AHU is not currently able to heat or cool that
increased fresh air flow sufficiently to maintain a temperature setpoint. Figure 5 is a flow diagram showing an illustrative
method 70 that may be implemented prior to changing from a first mode 72 to a second mode 74. As part of the mode
transition, safety checks are performed, as indicated at block 76. As indicated at block 78, supply air temperature
violations and coil saturation conditions are monitored. If there are no thermal comfort and IAQ violation conditions, as
indicated at 80, control passes to block 82 and the mode transition is completed. However, if there are thermal comfort
or IAQ violation conditions, as indicated at 84, control passes to block 86 and the mode transition is not completed.
[0037] Having thus described several illustrative embodiments of the present disclosure, those of skill in the art will
readily appreciate that yet other embodiments may be made and used within the scope of the claims hereto attached.
It will be understood, however, that this disclosure is, in many respects, only illustrative. Changes may be made in details,
particularly in matters of shape, size, arrangement of parts, and exclusion and order of steps, without exceeding the
scope of the disclosure. The disclosure’s scope is, of course, defined in the language in which the appended claims are
expressed.

Claims

1. A method for controlling a fresh air intake of an Air Handling Unit (AHU) of an HVAC (Heating, Ventilating and Air
Conditioning) system servicing a building space of a building, the AHU including a fresh air intake damper for
admitting a fresh air ventilation air flow, a return air duct for receiving return air from the building space, a mixed air
duct for mixing the fresh air ventilation air flow from the fresh air intake damper and return air from the return air
duct and providing a mixed air flow to a heating and/or cooling unit of the AHU which supplies a supply air flow to
the building space, the AHU including a fan for providing a motive force to move the return air, the fresh air ventilation
air flow, the mixed air flow and the supply air flow through the AHU, the AHU having a load capacity, the method
comprising:

determining a current load on the AHU that is used to maintain one or more comfort conditions in the building
space;

determining a remaining load capacity of the AHU, wherein the remaining load capacity is the load capacity
that is currently not being used to maintain the one or more comfort conditions in the building space;
determining a maximum additional fresh air ventilation air flow that could be admitted and conditioned using
the remaining load capacity of the AHU such that the AHU could still maintain the one or more comfort conditions
in the building space;

determining a fresh air intake damper position for the fresh air intake damper that increases the fresh air
ventilation air flow through the fresh air intake damper by a fraction of the maximum additional fresh air ventilation
air flow, wherein the fraction is based at least in part on one or more of a temperature factor and an air quality
factor; and

setting the fresh air intake damper to the determined fresh air intake damper position.
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The method of claim 1, wherein the fraction is based atleast in part on the temperature factor, wherein the temperature
factor is dependent on a temperature difference between an outside air temperature, representative of a temperature
of the fresh air ventilation air flow, and an inside air temperature, representative of a temperature of the return air.

The method of claim 2, wherein the temperature factor is set to zero when the temperature difference is outside of
a first predetermined temperature difference range.

The method of claim 2, wherein the temperature factor is set to one when the temperature difference is within a
second predetermined temperature difference range.

The method of claim 2, wherein the temperature factor is scaled between zero and one based at least in part on
the temperature difference when the temperature difference is within a third predetermined temperature difference
range.

The method of claim 1, wherein the fraction is based at least in part on an air quality factor, wherein the air quality
factor is dependent on an air quality parameter that is representative of a measure of air quality in the building space.

The method of claim 6, wherein the air quality factor is dependent on an urgency factor and a favorability factor,
wherein:

the urgency factor is dependent on a value of the air quality parameter along a predetermined air quality
parameter value range; and

the favorability factor is dependent on a comparison between the air quality parameter that is representative of
the measure of air quality in the building space with an air quality parameter that is representative of a measure
of air quality outside of the building.

The method of claim 7, wherein the air quality factor is dependent on the urgency factor multiplied by the favorability
factor, wherein:

the favorability factor is set to zero when the air quality parameter that is representative of the measure of air
quality outside of the building is worse than the air quality parameter that is representative of the measure of
air quality in the building space; and

the favorability factor is set to one when the air quality parameter that is representative of the measure air quality
outside of the building is better than the air quality parameter that is representative of the measure of air quality
in the building space.

The method of claim 1, wherein the fraction is based at least in part on the temperature factor and the air quality
factor, wherein:

the temperature factor is dependent on a temperature difference between an outside air temperature, repre-
sentative of a temperature of the fresh air ventilation air flow, and an inside air temperature, representative of
a temperature of the return air; and

the air quality factor is dependent on an air quality parameter that is representative of a measure of air quality
in the building space.

The method of claim 9, wherein:

the fraction is set to a first weighted sum of the temperature factor and the air quality factor using first weights
when the temperature factor and/or the air quality factor meet one or more first predefined conditions; and
the fraction is set to a second weighted sum of the temperature factor and the air quality factor using second
weights when the temperature factor and/or the air quality factor meet one or more second predefined conditions,
wherein at least one of the second weights is different from at least one of the first weights.

The method of claim 1, wherein the air quality factor is a maximum of a plurality of individual air quality factors,
wherein each of the plurality of individual air quality factors relates to a different one of a plurality of air quality

parameters.

The method of claim 11, wherein the plurality of air quality parameters include two or more of CO,, PM2.5 and TVOC.
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13. The method of claim 1, wherein the fraction is based at least in part on two or more of a temperature factor, an air
quality factor and a humidity factor.

14. An Air Handling Unit (AHU) for servicing a building space of a building, the AHU comprising:

10

15

20

25

35

40

45

50

55

a heating and/or cooling unit;

a fresh air intake damper for admitting a fresh air ventilation air flow;

a return air duct for receiving return air from the building space;

a mixed air duct for mixing the fresh air ventilation air flow from the fresh air intake damper and return air from
the return air duct and providing a mixed air flow to the heating and/or cooling unit which supplies a supply air
flow to the building space;

a fan for providing a motive force to move the return air, the fresh air ventilation air flow, the mixed air flow and
the supply air flow through the AHU;

the AHU having a load capacity;

a controller, wherein the controller is configured to:

determine a current load on the AHU that is used to maintain one or more comfort conditions in the building
space;

determine a remaining load capacity of the AHU, wherein the remaining load capacity is the load capacity
that is currently not being used to maintain the one or more comfort conditions in the building space;
determine a maximum additional fresh air ventilation air flow that could be admitted and conditioned using
the remaining load capacity of the AHU such that the AHU could still maintain the one or more comfort
conditions in the building space;

determine a fresh air intake damper position for the fresh air intake damper that increases the fresh air
ventilation air flow through the fresh air intake damper by a fraction of the maximum additional fresh air
ventilation air flow, wherein the fraction is based at least in part on one or more of a temperature factor and
an air quality factor; and

setting the fresh air intake damper to the determined fresh air intake damper position.

15. The AHU of claim 14, wherein the fraction is based at least in part on:

the temperature factor, wherein the temperature factor is dependent on a temperature difference between an
outside air temperature, representative of a temperature of the fresh air ventilation air flow, and an inside air
temperature, representative of a temperature of the return air; and

the air quality factor, wherein the air quality factor is dependent on an air quality parameter that is representative
of a measure of air quality in the building space.

10
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