WO 2006/057935 A1 || 000 000 0 000 O 0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /£ |
International Bureau ;

(43) International Publication Date
1 June 2006 (01.06.2006)

)
2 I 0 OO0 0

(10) International Publication Number

WO 2006/057935 Al

(51) International Patent Classification:
F24F 11/00 (2006.01)

(21) International Application Number:
PCT/US2005/042038

(22) International Filing Date:
21 November 2005 (21.11.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/997,501 24 November 2004 (24.11.2004) US

(71) Applicant: HONEYWELL INTERNATIONAL INC.
[US/US]; 101 Columbia Road, P.O. Box 2245, Morristown,
NJ 07960 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): THOMLE, Adri-
enne, G. [US/US]; 4195 Ximines Lane N., Plymouth, MN

(74)

(81)

(84)

55441 (US). TODD, Kreft [US/US]; 6836 Grand Avenue
S., Richfield, MN 55423 (US).

Agents: HOIRIIS, David et al.; Honeywell International
INC., 101 Columbia Road, P.O. Box 2245, Morristown, NJ
07960 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ,VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: DEMAND CONTROL VENTILATION SENSOR FAILURE

[20
USER INTERFACE
|

[10

CONTROLLER
2 0 16
OCCUPANCY CRESH AR
SENSOR CONTROL
CONTROL

f22
MEMORY
BLOCK

[14

OCCUPANCY
SENSOR

FRESH AIR
SOURCE

[18

(57) Abstract:  Demand ventilation protocols
can address the issue of sensor failure while still
providing desirable levels of energy conservation.
An occupancy indicator such as a sensor can be
monitored. If the sensor reading is determined to
be incorrect, unexpected or otherwise erroneous,
the ventilation system can provide an amount of
fresh air sufficient for adequate ventilation without
over-ventilating the building.



WO 2006/057935 A1 1IN0 A0VOH0 T 00 000

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,  For two-letter codes and other abbreviations, refer to the "Guid-
RO, SE, S, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA, ance Notes on Codes and Abbreviations" appearing at the begin-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.

Published:

—  with international search report



WO 2006/057935 PCT/US2005/042038

10

15

20

DEMAND CONTROL VENTILATION SENSOR FAILURE

Technical Field

- The invention relates generally to ventilation and moré particularly to demand
control ventilation. More specifically, the invention pertains to sensor failure within
demand control ventilation.

Background

Many buildings are designed to be as airtight as possible in order to save energy
that would otherwise be expendéd on heating and cooling. It has been discovered,
however, that such buildings can suffer from an excessive build‘up of indoor air
contaniinants from a variety of sources. A possible solution to indoor air quality issues is
to ventilate.

A number of studies have indicated that buildings should be ventilated with
specific amounts of autside air to counter this potential build up of indoor air
contaminants. Consequently, the American Society of Heating Refrigeration and Air

Conditioning Engineers (ASHRAE) has established indoor air standards that have been

- adopted by many building codes and design engineers. In particular, ASHRAE standards

dictate that buildings should be ventilated with differing amounts of outside air baéed on
a number of factors such as potential pollutant levels and occupancy 1e§els.

. A number of strategies have previously been provided in answering the need for
ventilation. bne solution is a fixed air stratégy in which a building’s HVAC system
permits a fixed amount of outside air to enter the building at all times through either

passive or active ventilation. While this solution can provide ample fresh air, energy may
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be wasted héating or cooling fresh air during times when the building is unoccupied or
only lightly occupied.

Another strgtegy is to base ventilation rates on estimated, or projected, occupancy.
In particular,'unnecessary ventilation may be reduced by estimating or guessing times
when a building or a portion of a building such as a room will be less heavily occupied
aﬂd therefore providing a reduced level of ventilation at such times. This strategy may
require manual adjustments of ventilation levels in response to varying occupancy
estimates and furthermore may result in incorrect levels of ventilation when occupancy
estimates are in error.

Many HVAC systems now include energy recovery ventilators, or air-to-air heat
exchangers, in order to capture some of the thermal energy that would otherwise be lost
due to exchange of stale indoor air for fresh outdoor air. For example, during a cooling
system, the exiting stale (but still cool) air is used to remove at least some heat from the
incoming fresh (but relatively warmer) air. During a heating season, the exiting (but still
warm) air is used to add at least some thermal energy to the incoming fresh (but relatively
colder) air. In some instances, these energy recovery ventilators operate constantly and
therefore add load to the HVAC system by over ventilating when ventilation needs are
reduced.

A useful strategy is known as demand ventilation, in which the amount of fresh
air provided to a building or a portion of a building is varied to accommodate actual
demand. While this strategy can address many of the shortcomings of other ventilation
schemes such as those discussed above, the strategy inherently relies upon some reliable

indication of building occupancy levels.
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In some cases, building occupancy levels can be indicated by a variety of different
sensors. Unfortunately, sensors can fail. In some systems, a failed sensor or a reading
that indicates a failed sensor causes the ventilation system to default to a full ventilation
mode in which the ventilation damper or dampers revert to a fully open position.

While this strategy ensures at least adequate ventilation, fhis can result in
excessive ventilation, thereby wasting energy that has been used to heat or cool the air
within the building. A need remains, therefore, for demand ven‘;ilation protocols that
address the issue of sensor failure while still providing for desirable levels of energy
conservation. |

Summary

The invention provides methods of ventilating an environment utilizing demand
control ventilation. In particular, the invention provides methods of reéo gnizing and
adapting to sensor faiiure within demand control ventilation systems. |,

Accordingly, an illustrative embodiment of the present invention pertains to a
method of controlling Veptilation of an environment. An occupancy indicator that
indicates an occupancy level of the environment is monitored. A set amount of fresh air
may bé provided to the environment if the occupancy indicator is erroneous or otherwise
in error.

In some instances, provi&ing a set amount of fresh air to the environment may
involve providing an amount of fresh air that is less than a maximum amount of fresh air
that could be provided. In some cases, the occupancy indicator may be deemed to be
erroneous if it returns an unexpected value, or if the occupancy indicator indicates a

sensor failure. In some embodiments, the occupancy indicator can include a sensor
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reading that is at least substan‘;ially proportional to environment occupancy, or the total
. number of people present in a particular space.

Another illustrative embodiment of the present invention pertains to a method of
controlling the ventilation of an environment. An indication of occupancy of the
environmeﬁt is monitored. In some instances, mohitoring an indication of occupancy can
iﬂclude monitoring a carbon dioxide sensor. In other cases, a motion sensor may be
monitored.

A relaﬁve amount of fresh air that is provided to the environment may‘be
modified in response to the indication of occupancy. In some cases, modifying the
relative amount of fresh air that is provided to the environment can include at least
partially opening or at least partially closing a damper. In other cases, a damper cycle
rate can be increased or decreased.

If the indication of occupancy is determinéd to be in error or is otherwise
erroneous, a set amount of fresh air can be provided to the environment. In some
embodiments, providing a set amount of fresh air to the environment may include -
partially opening the damper to a position that is determined as a function of maximum
environment occupancy, or perhaps as a function of occupancy history. In some
instances, the set amount of fresh air that is provided to the environment can represent an
amount of fresh air that is less than a maximum amount of fresh air.

In some instances, th;e indication of occupancy can be a voltage that is
proportional to an occupancy level. In some cases, an excessively low or minimum

voltage can be interpreted as an erroneous indication of occupancy. In some cases, an
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excessively high or maximum voltage can be interpreted as an erroneous indication of
occupancy.
Another illustrative embodiment of the present invention pertains to a method of

adjusting a damper that is configured to ventilate an environment. A carbon dioxide

- detector can be monitored. The damper may be adjusted to a set position upon sensing an

erroneous reading from the carbon dioxide detector. In some instances, the set position
can be a damper position that is less than fully opened.

Yet another illustrative embodiment of the preseﬁt invention pertains to a
controller that is configured to control ventilation of an environment.‘ The controller may
be adapted to monitor an indication of occupancy and to subsequently modify a relative ‘
amount of fresh air provided to the environment in response to the indication of
occupancy. In some embodiments, the controller may be adapted to m(;nitor an
indication of occupaﬁcy that can be avoltage that is proportional to occupancy. In some
instances, the controller is configured to monitor an indication of occupancy that can
include a carbon dioxide sensor and/or a motion sensor. The controller may be
configured to modify the relative amount of fresh air provided to the environment by at
least partially opening or at least partially closing a damper.

In some instances, the controller may be adapted to provide a se;t amount of fresh
air to the environment if the indication of occupancy is erroneous. The controller may be
adapted to determine the set amount of fresh air as a function of rﬁaximum environment
occupancy. In some instances, the set amount of fresh air can represent an amount of

fresh air that is less than a maximum amount of fresh air.
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The 4ab,0ve summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures,
Detailed Description and Examples which follow more particularly exemplify these

embodiments:

5 A Brief Description of the Figures
The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection
with the accompanying drawings, in which:
Figure 1 is a controller in accordance with an embodiment of the present
10  invention;
Figure 2 is a flow diagram showing an illustrative method that may be
implemented by the controller of Figure 1;
Fi gure 3 is a flow diagram showing an illustrative method that may be
implemented by the controller of Figure 1;
15 Figure 4 is a flow diagram showing an illustrative method that may be
implemented by the controller of Figure 1; and
Figure 5 is a flow diagram showing an illustrative method that may be
implemented by the controller of Figure 1.
While the invention is amenable to vérious modificétions and alternative forms,
20  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

invention to the particular embodiments described. On the contrary, the intention is to
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cover all modifications, equivalents, and alternatives falling within the spirit and scope of
the invention.

Detailed Description

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 selected embodiments and are not intended to limit the
scope of the invention. Although examples of construction, dimensions, and materials

are illustrated for the various elements, those skilled in the art will recognize tha£ many of ‘
the examples provided have suitable alternatives that may be utilized.

The invention pertains generally to ventilation systems such as demand control
ventilation systems. Figure 1 in particular illustrates a controller 10 that may be adapted
to control at least particular aspects of a demand control ventilation system. Controller
10 can include an océupancy sensor control 12 having software and/or hardware that is
adapted to receive an occupancy signal from an occupancy sensor 14. The occupancy
signal may be provided to the controller 10 via one or more wires, a network such as
ModBus, LON or some other network protocol, an optical and/or wireless link; or in any
other suitable manner. In some embodiments, more than one occupancy sensor may be
provided, particularly if the environment to be monitored is large. |

. Occupancy sensor 14 can be or can include any suitable sensor 'tﬁat can provide a
signal that is proportional to or otherwise indicative of an occupaﬁcy level. In soﬁe
embodiments, occupancy sensor 14-can include a carbon dioxide sensor, as the amount of

carbon dioxide present in an indoor environment can be proportional to the number of
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carbon dioxide—exhaling humaﬁs present within the environment. In other embodiments,
occupancy sensor 14 can include a motion sensor.

Controller 10 also includes a fresh air control 16 that includes software and/or
hardware that is adapted to send and receive signals from a fresh air source 18. In some
embodiments, fresh air source 18 can include a ventilation system, a demand control
véntilation system or one or more dampers within a ventilation system. In particular
embodiments, ffesh air source 18 may include one or more dampers that are moveable
between a fully closed position, a fully open position‘ahd one or more intermediate
positions therebetween.

| Fresh air control 16 can send signals to fresh air source 18 such as instructions
pertaining to damper opening and closing. For example, fresh air control 16 can instruct
fresh air source 18 to fully open one or more dampers, to fully close one or more
dampers, or to move one or more dampers to an intermediate position that is either less
open or more open than the position the one or more dampers were in prior to réceiving
such instructions. In some cases, fresh air control 16 can receive signals such as
confirmation signals from fresh air source 18.

A user interface 20 can be in communication with controller 10 and may be used
to provide any necessary informational messages. Examples of suitable messages include
error messages, as will be discussed in greater detail hereinafter.

Controller 10 may also include a memory block 22 that includes software and/or

- hardware that contains the programming necessary to operate controller 10. This

programming may include, for example, information on how to translate occupancy

levels into corresponding ventilation requirements.
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ASHRAE standard 62-2001, for example, provides a number of suggested
ventilation levels based on occupancy and room usage. For example, office space is
generalized as having a maximum occupancy of 7 people per one thousand square feet,
and needipg a minimum of 20 cubic feet per minute (CFM) of ﬁesh air per person.
Reception areas, howevef are estimated as having a maximum occupancy of 60 people
per one thousand square feet, and requiring a nﬁnimum of 15 CFM of fresh air per
person‘. Differing requirements are provided for a variety of different space usages.

Turning now to Figure 2,. there is illustrated a method that can be carried .out by
controllér 10 (Figure 1). At block 24, occupancy sensor control 12 (Figure 1) monitors
occupancy sensor 14 (Figure 1). At decision block 26, controller 10 determines if the
reading provided by occupancy sensor 14 is within an expected range. The expected
range may be static, or it may vary depending on time and/or day of weék.

To illustrate, memory block 22 (Figure 1) can be programmed with or may learn
that an office space, for example, tends to contain a larger number of people between
9am and S5pm Monday through Friday and a lesser number or even no people during
evenings and or weekends. In this scenario, a reading at 11am Tuesday, for example,
indicating that no people are present may be interpreted as unexpected and thus may
indicate a sensor failure. Convérsely, areading at 11pm Tuesday indicating that the
office is full of people niay similarly be interpreted as an error. | |

In some embodiments, occupancy sensor 14 (Figure 1) may return a signai that
corresponds to a numerical value. Controller 10 (Figure 1) can be programmed with or
can learn typical ranges for this ﬁumerical value. If occupancywsensor 14 returns a

numerical value that is outside this range, the occupancy indicator can be interpreted to
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be incorréct; invalid, out of raﬁge or otherwise erroneous. In some cases, occupancy
sensor 14 can return a voltage, current and/or frequency that is at least partially
proportional to occupancy level. In such cases, controller 10 may be programmed with or
can learn an expected range for this voltage, current and/ér frequency. If occupancy
sensor 14 re;tums a voltage, current and/or frequency that is outside of this expected
rahge, the occupancy indicator can be interpreted as erroneous.

Returning to Figure 2, if at decision block 26 controller 10 (Figure 1) determines
that the occupéncy reading is within an expected range, control reverts back to block 24
where occupancy sensor control 12 (Figure 1) coﬁtinues to monitor occupancy sensor 14
(Figure 1). However, if the occupancy reading is not within an expected range, control
passes to block 28. At block 28, controller 10 calculates a set amount of fresh air that
should be provided by fresh air source 18 (Figure 1). Fresh air control 16 (Figure 1) then
provides the appropriate instructions to fresh air source 18 as to how far to open the one
or more dampers present within fresh air source 18. In some instances, a set amount of
fresh air can be provided by changing a cycle rate of the one or more dampers included in
fresh air source 18.

The set amount of fresh air can be calculated by, for example, using the ASHRAE
minimum ventilation standards in combination with information pertaining to maximum
building occupancy. In some instances, this can provide a set ventilation level that is
sufficient yet represents an aﬁomt of fresh air that is less than could be provided if fresh
air source 18 (Figure 1) were fully opened. In some cases, historical occupancy levels
can be used to determine the set ventilation level. In some embodiments, the set amount

of fresh air may be calculated using the ASHRAE minimum ventilation standards in

10
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combination with occupancy levels immediately before occupancy sensor 14 is
determined to be providing an unexpected, erroneous or otherwise incorrect signal.

Figure 3 shows another illustrative method that may be carried out by controller
10 (Figure 1). At block 30, occupancy sensor control 12 (Figur§ 1) monitors occupancy
sensor 14 (Figure 1). At dg:cision block 32, controller 10 determines if the reading
provided by occupancy sensor 14 is valid, or is within an expected range as was
discussed with respect to Figure 2. If the reading provided by occupancy sensor 14 is
détermined to be valid, control passes to decision block 34, where fresh air control 16
(Figure 1) determines if a'ventilation change is necessitated by the valid reading provided
by occupancy sensor 14.

If a change is required,A control passes to block 36, at which point fresh air control
16 (Figure 1) instructs fresh air source 18 (Figure 1) to provide a different level of
ventilation by, for example, either further opening or further closing one or more
dampers. Control then returns to block 30 and occupancy sensor 14 (Figure 1) is
monitored.

However, if at block 32 the reading provided by occupancy sensor 14 (Figure 1)
is deemed to not be valid, i.e. is unexpected, out of range or otherwise apparently
incorrect, control passes to block 38. At block 38, controller 10 (Figuré 1) determines
what the set amount of fresh air should be, based on, for example, ASHRAE ventilation
standards, and either the building’s maximum occupancy, occupancy immediateh’/ before
sensor failure, or some other indication of present occupancy.

Control may pass to o;ﬁti(;nal block 40, where controller 10 (Figure 1) may

provide an error message through user interface 20 (Figure 1) in order to communicate

11
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that occupahcy sensor 14 (Figﬁre 1) may have failed. Any suitable error message may be
provided, including relatively more technical messages pertaining to sensor failure or less
technical messages such as instructing someone to arrange for a service call.

Figure 4 shows another illustrative method that may be carried out by controller

10 (Figure 1). Atblock 42, occupancy sensor control 12 (Figure 1) monitors occupancy

- sensor 14 (Figure 1), which in this case is a carbon dioxide sensor. The carbon dioxide

sensor measures carbon dioxide content of the air within the building and, in the
illustrative elﬁbodiment, returns a voltage, current and/or frequency that is at léast
somewhat proportional to the carbon dioxide concentration. Because humans exhale
predictable amounts of carbon dioxide, carbon dioxide concentration can be used asa
reasonable indication of the number of people present in an environment as well as an
indication of how well the environment within the building is being ventilated.

At decision block 44, controller 10 determines if the reading from the carbon
dioxide sensor (occupancy sensor 14 of Figure 1) is erroneous. As discussed previously
with respect to the earlier Figures, a reading may be deemed to be erroneous if it is out of
range, unexpected or otherwise apparently in error. For example, and in some
embodiments, a carbon dioiide sensor may return a voltage that is between 0 and 10
volts, depending on concentration. .

A minimum reading, say of zero volté, may be deemed to be in error as such a
reading would presumably indicate a carbon dioxide concentration that is below that of
ambient outside air. Conversely, a maximum reading, say of ten volts, may be deemed to
be in error as such a reading would presumably indicate a carbon dioxide concentration

that is substantially higher than might be obtainable if fresh air source 18 (Figure 1) is

12
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operable. If the carbon dioxide sensor produces some other type of output signal, such as
a current or frequency, similar thresholds may be determined and used, as desired.

If the sensor reading is determined to be valid, control reverts to block 42 where
occupancy sensor control 12 (Figure 1) continues to monitor the carbon dioxide sensor
(occupancy sensor 14 of Eigure 1). However, if the sensor reading is not valid, control
passes to block 46, where fresh air control 16 (Figure'l) instructs fresh air source 18
(Figure 1) to adjust one or more dampers to a set position. The set position is a function
of what a set amount of fresh air should be. This is determined as discussed witﬁ respect
to the previous Figures.

Figure 5 shows another illustrative method that may be carried out by controller -
10 (Figure 1). At block 48, occupancy sensor control 12 (Figure 1) monitors occupancy
sensor 14 (Figure 1), which in this éase is a carbon dioxide sensor as disbussed with
respect to Figure 4. 6011tr01 passes to decision block 50, where controller 10 determines
if the sensor reading is erroneous. This may be determined as discussed with respect to
Figure 4.

If the sensor reading is valid, control passes to decision block 52. At decision
block 52, controller 10 determines if the sensor reading necessitates a change in the
amount of fresh air that is being provided to the environment within thé building. Ifno
ventilation change is required, éontrol reverts back to block 48, where oécupancy sensor
control 12 (Figure 1) continues to monitor the carbon dioxide sensor (occuparicy ‘senso£
14 in Figure 1).

If a ventilation change is required, control passes to block 54, at which poin; fresh

air control 16 instructs fresh air source 18 (Figure 1) to provide a different level of

13
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ventilation By, for example, either further opening or further closing one or more
dampers. Control then returns to block 48 and the carbon dioxide sensor (occupancy
sensor 14 in Figure 1) is monitored.

Returning now té decision block 50, if the carbon dioxide sensor reading is
determined to be erroneous, control passes to block 56, where fresh air control 16 (Figure
1) instructs fresh air source 18 (Figure 1) to adjust one or more dampers to a set position.
The set position is a function of what a set amount of fresh air should be. This is
determined as discussed with respect to the previous Figures.

The invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention as
set out in the attached claims. Various modifications, equivalent processes, as well as
numerous structures to which the invention can be applicabie will be readily apparent to

those of skill in the art upon review of the instant specification.

14
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WE CLAIM:
1. A method of controlling ventilation of an environment, the method
comprising the steps of:
. monitoring an occupancy indicator of the environment; and
ﬁroviding a set amount of fresh air to the environment if fhe occupancy indicator

iS erroneous.

2. The method of claim 1, wherein providing a set amount-of fresh air to the
environment comprises providing an'amount of fresh air adequate to ventilate the

environment without substantially over-ventilating the environment.

3. The method of claim 1, wherein providing a set amount of fresh air to the
environment comprises providing an amount of fresh air adequate to ventilate the
environment without substantially wasting thermal energy by exchanging too much

treated indoor air with untreated outside air.
4. The method of claim 1, wherein providing a set amount of fresh air to the
environment comprises providing an amount of fresh air that is less than a maximum

amount of fresh air that can be provided.

5. The method of claim-1, wherein the occupancy indicator is deemed to be

erroneous if the occupancy indicator has an unexpected value.

15
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6. The method of claim 1, wherein the occupancy indicator is deemed to be

erroneous if the occupancy indicator indicates a sensor failure.

7. The method of claim 1, wherein the occupancy indicator comprises a

sensor reading that is at least substantially proportional to environment occupancy.

8. A method of controlling ventilation of an environment, the method
comprising the steps of:

monitoring an indication of occupancy of the environment;

modifying a relative amount of fresh air provided to the environment in response
to the indication of occupancy; and

providing a set amount of fresh air to the environmént if the indication of

occupancy is erroneous.

9. The method of claim 8, wherein monitoring an indication of occupancy

comprises monitoring a carbon dioxide sensor.

10.  The method of claim 8, wherein monitoring an indication of occupancy

comprises monitoring a motion sensor.
11. The method of claim 8, wherein modifying a relative amount of fresh air

provided to the environment comprises at Jeast partially opening or at least partially

closing a damper.

16
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12.  The method of claim 10, wherein modifying a relative amount of fresh air

provided to the environment comprises increasing or decreasing a damper cycle rate.

13. The method of claim 8, wherein providing a set amount of fresh air to the
environment comprises providing an amount of fresh air determined at least in part by an

estimated ven‘;ilation need.

14.  The method of claim 11, wherein providing a set amount of fresh air to the
environment comprises partially opening the damper to a position determined as a

function of maximum environment occupancy.

15.  The method of claim 11, wherein providing a set amount of fresh air to the
environment comprises partially opening the damper to a position determined as a

function of occupancy history.
16.  The method of claim 8, wherein providing a set amount of fresh air to the
environment comprises providing an amount of fresh air that is less than a maximum

amount of fresh air that can be provided.

17.  The method of claim 8, wherein the indication of occupancy comprises a

signal that falls within a range, wherein the signal is related to an occupancy level.

17
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18. ' “The method of claim 17, wherein a signal that is at or near a low end of

the range provides an erroneous indication of occupancy.

19.  The method of claim 17, wherein a signal that is at or near the high end of

the range provides an erroneous indication of occupancy.

20. A method of adjusting a damper configured to ventilate an environment,
the method comprising the steps of:

monitoring a carbon dioxide sensor; and

adjusting the damper to a set position upon sensing an erroneous reading from the

carbon dioxide sensor.

21. - The method of claim 20, wherein the set position represents a damper

position that is less than fully opened.

22.  The method of claim 20, wherein the carbon dioxide sensor provides a

signal that, when operating properly, is proportional to a carbon dioxide concentration.

23.  The method of claim 22, wherein the erroneous reading comprises reading

a signal that is below a minimum threshold value.

24.  The method of claim 22, wherein the erroneous reading comprises reading

a signal that is above a maximum threshold value.

18
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25.  The method of claim 22, further comprising a step of adjusting the damper
to provide a desired amount of fresh air in response to a valid reading from the carbon

dioxide sensor.

26. A controller configured ‘to control venfilation of an environment, the
controller adapted to:

monitor an indication of occupancy;

modify a relative amount of fresh air provided to the environment in response to
the indication of occupancy; and

provide a set amount Qf fresh air to the environment if the indication of occupancy

is erroneous.

27.  The controller of claim 26, wherein the controller is configured to monitor

an indication of occupancy comprising a carbon dioxide sensor.

28.  The controller of claim 26, wherein the controller is configured to monitor

an indication of occupancy comprising a motion sensor.
29. The controller of claim 26, wherein the controller is configured to modify

a relative amount of fresh air provided to the environment by at least partially opening or

at least partially closing a damper.

19
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30, The controller of claim 26 wherein the controller is configured to provide
a set amount of fresh air to the environment by partially opening the damper to a position

determined as a function of maximum environment occupancy.
31.  The controller of claim 26, wherein the controller is configured to provide
. a set amount of fresh air to the environment by providing an amount of fresh air that is

less than a maximum amount of fresh air.

32..  The controller of claim 26, wherein the controller is configured to monitor

an indication of occupancy comprising a voltage proportional to an occupancy level.
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