wo 20207159598 A1 |0 0000 KO0 0 OO 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
06 August 2020 (06.08.2020)

(10) International Publication Number

WO 2020/159598 Al

WIPO I PCT

(51) International Patent Classification:
F24F 11/30 (2018.01) F24F 11/54 (2018.01)
F24F 11/46 (2018.01) F24F 140/50 (2018.01)

(21) International Application Number:
PCT/US2019/060925

(22) International Filing Date:
12 November 2019 (12.11.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/798,797 30 January 2019 (30.01.2019) UsS
(71) Applicant: CARRIER CORPORATION [US/US];

13995 Pasteur Blvd., Palm Beach Gardens, Florida 33418
USs).

(72) Inventors: ADETOLA, Veronica; 411 Silver Lane, East
Hartford, Connecticut 06108 (US). LIN, Fu; 411 Silver

(74)

@81)

84

Lane, Hartford, Connecticut 06108 (US). REEVE, Hayden
M.; 411 Silver Lane, Hartford, Connecticut 06108 (US).

Agent: LEVY, Howard L; Cantor Colburn LLP, 20
Church Street, 22nd Floor, Hartford, Connecticut 06103
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: SUPERVISORY-LEVEL CONTROL SYSTEM FOR DEMAND CONTROL OF AN HVAC SYSTEM

GENERATION

POWER

TRANSMISSION

DISTRIBUTION

TRANSFORMERS

POWER
STATION

120
WIND FARMV
130

FIG. 1

TRANSMISSION
=~ SUBSTATION

DISTRIBUTION

=== B SUBSTATION o

DISTRIBUTION/
(ONTROL EQUIPMENT

140

C(OMMERCIAL &
INDUSTRIAL USERS

RESIDENTIAL
CUSTOMERS

(57) Abstract: A supervisory-level control system is provided and includes a summation unit receptive of first and second signals,
an HVAC system to generate the second signal according to first set-point signals and to a second set-point signal and a supervisory
controller. The supervisory controller includes a control unit, a set-point scheduler and a zone level set-point distribution unit. The
control unit is receptive of an error signal representing a difference between the first and second signals from the summation unit.
The set-point scheduler is receptive of a demand signal generated by the control unit according to the error signal. The set-point
scheduler generates a set-point command signal and the second set-point signal according to the demand signal. The zone level set-
point distribution unit is configured to generate the first set-point signals in accordance with the set-point command signal.

[Continued on next page]



WO 2020/159598 A |10} 00P 0 000D 0 0O

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2020/159598 PCT/US2019/060925
SUPERVISORY-LEVEL CONTROL SYSTEM FOR DEMAND CONTROL OF AN HVAC SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Application No. 62/798797, filed on 30 Jan

2019 which is incorporated herein by reference in its entirety.

STATEMENT OF FEDERAL SUPPORT
This invention was made with government support under contract number DE-
ARO0000700 awarded by the Department of Energy (DOE). The government has certain rights

in the invention.

BACKGROUND

[0001] The following description relates to electrical load management and, more
particularly, a supervisory-level control method that systematically manages a heating,
ventilation and air-conditioning (HVAC) electrical load of a building.

[0002] Renewable energy can be generated from various sources, such as solar
power, wind, heat from the interior of the planet and flowing water. Since these sources are
abundant and clean, renewable energy is becoming increasingly utilized. Such utilization
leads to the increasing penetration of renewable energy onto the nation’s electric grid and an
increased need for advanced demand-side load management.

[0003] It is often the case that imbalances exist between the available supply of
electrical power and a demand for electrical power. These imbalances can arise due to
multiple factors including, but not limited to, demand exceeding supply resulting from a
sudden increase in electrical usage in a given location (i.e., a building). This is especially true
where the available supply is partially drawn from renewable sources, which might not
always be available (i.e., solar power at night or wind during a calm day).

[0004] In some cases, to the extent that utilities are incapable or unwilling to maintain
standby capacity, negative effects of the imbalances between supply and demand of and for
electrical power can be mitigated by demand-side load management operations being
executed in commercial buildings due to their large electricity consumption and thermal
mass. In practice, however, load management remains primitive despite the availability of
variable frequency drives that operate HVAC equipment and building automation systems

(BASs) that can monitor and control system power consumption. Indeed, many load
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management operations typically involve only building sub-systems being turned off during a

grid event or a zone’s temperature set-points being setback in ad-hoc manners.

BRIEF DESCRIPTION

[0005] According to one aspect of the disclosure, a supervisory-level control system
is provided and includes a summation unit receptive of first and second signals, a heating,
ventilation and air-conditioning (HVAC) system to generate the second signal according to
first set-point signals and to a second set-point signal and a supervisory controller. The
supervisory controller includes a control unit, a set-point scheduler and a zone level set-point
distribution unit. The control unit is receptive of an error signal, which represents a difference
between the first and second signals, from the summation unit. The set-point scheduler is
receptive of a demand signal generated by the control unit according to the error signal. The
set-point scheduler is configured to generate a set-point command signal and the second set-
point signal according to the demand signal. The zone level set-point distribution unit is
configured to generate the first set-point signals in accordance with the set-point command
signal.

[0006] In accordance with additional or alternative embodiments, the first signal
includes an input power signal and the second signal comprises a total power demand signal.

[0007] In accordance with additional or alternative embodiments, the HVAC system
includes a building air distribution system and a chiller plant.

[0008] In accordance with additional or alternative embodiments, the HVAC system
further includes zone climate controllers and a chiller controller.

[0009] In accordance with additional or alternative embodiments, the first set-point
signals include zone temperature set-point signals receivable by the zone climate controllers
and the second set-point signal includes a chilled water supply temperature (CHWST) set-
point signal receivable by the chiller controller.

[0010] In accordance with additional or alternative embodiments, the zone level set-
point distribution unit is configured to prioritize the zone temperature set-point signals.

[0011] In accordance with another aspect of the disclosure, a supervisory-level
control method is provided and includes receiving first and second signals, generating the
second signal by a heating, ventilation and air-conditioning (HVAC) system according to first
set-point signals and to a second set-point signal received from a supervisory controller,
determining a difference between the first signal and the second signal, generating a demand

signal according to the determined difference, generating a set-point command signal and the
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second set-point signal according to the demand signal and generating the first set-point
signals according to the set-point command signal.

[0012] In accordance with additional or alternative embodiments, the first signal
includes an input power signal and the second signal includes a total power demand signal.

[0013] In accordance with another aspect of the disclosure, a system is provided and
includes load entities that respectively establish a demand for electricity from a grid and
include a supervisory-level control system. The supervisory-level control system includes a
summation unit receptive of a first signal representative of electricity available from the grid
and a second signal representative of the demand for electricity, a heating, ventilation and air-
conditioning (HVAC) system to generate the second signal according to first set-point signals
and to a second set-point signal and a supervisory controller. The supervisory controller
includes a control unit, a set-point scheduler and a zone level set-point distribution unit. The
control unit is receptive of an error signal, which represents a difference between the first and
second signals, from the summation unit. The set-point scheduler is receptive of a demand
signal generated by the control unit according to the error signal. The set-point scheduler is
configured to generate a set-point command signal and the second set-point signal according
to the demand signal. The zone level set-point distribution unit is configured to generate the
first set-point signals in accordance with the set-point command signal.

[0014] In accordance with additional or alternative embodiments, at least one of a
power plant and an external power source provide electricity to the electric grid.

[0015] In accordance with additional or alternative embodiments, at least one of the
power plant and the external power source draw at least some electricity from renewable
energy sources.

[0016] In accordance with additional or alternative embodiments, an amount of the
electricity available from the electric grid to each load entity is predefined.

[0017] In accordance with additional or alternative embodiments, the first signal
includes an input power signal and the second signal comprises a total power demand signal.

[0018] In accordance with additional or alternative embodiments, the HVAC system
includes a building air distribution system and a chiller plant.

[0019] In accordance with additional or alternative embodiments, the HVAC system
further includes zone climate controllers and a chiller controller.

[0020] In accordance with additional or alternative embodiments, the first set-point

signals include zone temperature set-point signals receivable by the zone climate controllers
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and the second set-point signal includes a chilled water supply temperature (CHWST) set-
point signal receivable by the chiller controller.

[0021] In accordance with additional or alternative embodiments, the zone level set-
point distribution unit is configured to prioritize the zone temperature set-point signals.

[0022] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The subject matter, which is regarded as the disclosure, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the disclosure are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0024] FIG. 1 is a schematic illustration of an electric grid in accordance with
embodiments;

[0025] FIG. 2 is a schematic illustration of a supervisory-level control system in
accordance with embodiments;

[0026] FIG. 3 is a graphical depiction of an operation of a set-point scheduler in
accordance with embodiments;

[0027] FIG. 4 is a graphical depiction of a tracking of controller performance in
accordance with embodiments; and

[0028] FIG. 5 is a flow diagram illustrating a supervisory-level control method in
accordance with embodiments.

[0029] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

DETAILED DESCRIPTION

[0030] As will be described below, a supervisory-level control system and method are
provided to systematically manage electrical loads of an HVAC system of a building to
reduce demand charges or in response to a grid event, such as load shedding. The control
system and method provide for building load adjustments by a predetermined or desired
amount through coordination of the HVAC and thermal zone set-points to track desired
power profiles while ensuring that zone temperatures remain within relaxed bounds. The

control system and method is scalable to any chiller plant configuration and/or building
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system, requires no models and closes the loop with available power measurements while
respecting the HVAC system operational and comfort constraints.

[0031] With reference to FIG. 1, an electric grid system 101 is provided. The electric
grid system 101 includes an electrical grid 110, a power plant 120 that is connected to the
electrical grid 110 and supplies the electrical grid 110 with electricity, an external power
source 130 that is also connected to the electrical grid 110 and also supplies the electrical grid
110 with electricity, small load entities 140 and large load entities 150. The small load
entities 140 can include houses and other similar small buildings and have one or more
electrical devices that cooperatively make up a demand on the electrical grid 110 for each
small load entity 140. The large load entities 150 can include hotels, office buildings and
other similar large buildings and have one or more electrical devices that cooperatively make
up a demand on the electrical grid 110 for each small load entity 140.

[0032] The power plant 120 and the external power source 130 can draw at least some
of the electricity they provide to the electrical grid 110 from renewable energy sources, such
as solar power, wind, heat from the interior of the planet and flowing water. As such, an
available amount of electricity that is provided to the electrical grid 110 by the power plant
120 and the external power source 130 can vary over the course of hours, days, weeks, etc.

[0033] For each of the small load entities 140 and each of the large load entities 150,
HVAC components, such as fans, chillers and pumps, represent significant drivers of
demand. This is especially true on particularly hot and cold days when the HVAC
components are operated over long periods of time in order to maintain certain comfort levels
in the interiors of the small load entities 140 and the large load entities 150.

[0034] With reference to FIGS. 2-4, a supervisory-level control system 201 is
provided for use with one or more of the large load entities 150 or the small load entities 140.
For purposes of clarity and brevity, however, the following description will relate to the case
of the supervisory-level control system 201 being provided for use in a large load entity 150,
such as an office building.

[0035] As shown in FIG. 2, the supervisory-level control system 201 includes a first
summation unit 210, an HVAC system 220, a supervisory controller 230 and a second
summation unit 240. The summation unit 210 is receptive of an input power signal S1 from a
utility, an independent system operator (ISO) or a regional transmission organization (RTO)
at a first input 211 thereof and a total power demand signal S2 from the HVAC system 220 at
a second input 212 thereof. The input power signal S1 can be an indication of an available

amount of electricity that can be supplied to the large load entity 150 from the electric grid
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110 at any given time. The input power signal S1 can be reflective of any one or more of an
amount of electricity generated by the power plant 120 and the external power source 130
and/or a predefined amount of electricity that is previously agreed to by administrators of the
electric grid 110 and the large load entity 150. The total power demand signal S2 is at least
partially or substantially generated by the HVAC and chiller system (hereinafter referred to
as the “HVAC system”) 220 according to first set-point signals SP1, ..., SPN and second set-
point signal SP2. The total power demand signal S2 is reflective of the demand for electricity
by the large load entity 150. Here, it is assumed for the sake of brevity and clarity that the
HVAC system 220 represents a substantial driver of the total power demand for the large
load entity 150 as a whole.

[0036] The supervisory controller 230 includes a control unit 231, a set-point
scheduler 232 and a zone level set-point distribution unit 233. The control unit 231 can
include or be provided as a proportional integral controller and is receptive of an error signal
ES from the summation unit 210. The error signal ES represents a difference between the
input power signal S1 and the total power demand signal S2. Being receptive of the error
signal ES, the control unit 231 is configured to generate a cooling demand signal CD
according to the error signal ES. The set-point scheduler 232 is receptive of the cooling
demand signal CD and is configured to generate an average zone temperature set-point
command signal SPCS, which is indicative of average zone temperature set-points, and the
second set-point signal SP2 in order to obtain for the large load entity 150 a zone temperature
and chilled water supply temperature set-point profile such as the profile illustrated in FIG. 3.
The set-point command signal SPCS is received along with a feedback signal FB by the zone
level set-point distribution unit 233, which accordingly generates the first set-point signals
SP1, ..., SPN. As noted above, the first set-point signals SP1, ..., SPN and the second set-
point signal SP2 are received by the HVAC system 220 whereby the HVAC system 220
operates and generates the total power demand signal S2.

[0037] In accordance with embodiments, the HVAC system 220 can include a
building air distribution system 221 with building electrical energy components, such as
ventilation fans, a chiller plant 222, zone climate controllers 223, ..., 223 for each climate
zone in the large load entity 150 and a chiller controller 224. Each of the zone climate
controllers 2231, ..., 223N is configured to generate a respective component of the feedback
signal FB, which is output to the zone level set-point distribution unit 223 and which is
indicative of zone temperatures and zone comfort ranges. The building air distribution system

221 is operable in accordance with control instructions generated and output by each of the
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zone climate controllers 2231, ..., 223 in accordance with the first set-point signals SP1, ...,
SPN being received by the zone climate controllers 2231, ..., 223~ as zone temperature set-
point signals. The building air distribution system 221 thus generates a third signal S3, which
is received at a first input 241 of the second summation unit 240. The chiller plant 222 is
operable in accordance with control instructions generated and output by the chiller controller
224 in accordance with the second set-point signal SP2 being received by the chiller
controller 224 as a chilled water supply temperature (CHWST) set-point signal. The chiller
plant 222 thus generates a fourth signal S4, which is received at a second input 242 of the
second summation unit 240. The third and fourth signals S3 and S4 are combined in the
second summation unit 240 to generate the second signal S2.

[0038] In an exemplary case in which the large load entity 150 is an office building
and it is a relatively hot day when there might be limited electricity available from the electric
grid 110, the error signal ES will be indicative of the total power demand signal S2 exceeding
the input power signal S1. This will cause the control unit 231 to generate a decreased
cooling demand signal CD in order to in turn decrease the total power demand signal S2. The
set-point scheduler 232 will receive the decreased cooling demand signal CD and the set-
point scheduler 232 will modify the set-point command signal SPCS accordingly and will
adjust the second set-point signal SP2 accordingly. The zone level set-point distribution unit
233 will be receptive of the modified set-point command signal SPCS and will adjust one or
more of the first set-point signals SP1, ..., SPN accordingly.

[0039] Where the first set-point signals SP1, ..., SPN are indicative of average zone
temperature set-points where individual zone temperature set-points are assigned based on a
type of a zone, allowable temperature variations within the zone, user preferences or
feedback data (all of which can be included as temperature range and comfort range data of
feedback signal FB), the adjustments of the one or more first set-point signals SP1, ..., SPN
could involve raising the zone temperature set-points for one or more climate zones in the
large load entity 150 by some appropriate degree so that an amount of electricity used by the
HVAC system 220 (i.e., the zone climate controllers 223, ..., 223N and the building air
distribution system 221) in order to comply with the raised zone temperature set-points in
each climate zone is accordingly decreased on the hot day. Similarly, where the second set-
point signal SP2 is indicative of an average water temperature set-point where water
temperature set-points in individual water supply zones are assigned based on a type of a
water supply zone, allowable water temperature variations within the water supply zone, user

preferences or feedback data, the adjustment of the second set-point signal SP2 could again
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involve raising the CHWST set-points by some appropriate degree so that an amount of
electricity used by the HVAC system 220 (i.e., the chiller controller 224 and the chiller plant
222) in order to comply with the CHWST set-points is accordingly decreased on the hot day.

[0040] As shown in FIG. 2, the large load entity 150 can have multiple climate zones
(the large load entity 150 can also have multiple air handling units and/or water supply zones
as well). Here, the zone level set-point distribution unit 233 can be configured to prioritize
the adjustments of at least the one or more first set-point signals SP1, ..., SPN for certain
ones of the zone climate controllers 2231, ..., 223n. Such prioritization can be defined in
accordance with a predefined zone climate schedule, preferences and feedback data.

[0041] Thus, in the exemplary case discussed above, the raising of the zone
temperature set-points can be controlled such that the raised temperature set-points only
affect certain areas (e.g., those multiple climate zones that are not frequented by certain
customers or personnel of an office building such as public areas, restaurants, office building
administration office spaces, office building staff offices and meeting rooms, etc.) without
affecting other areas (e.g., those multiple climate zones that are frequented by certain
customers or personnel such as offices, private meeting spaces, etc.).

[0042] As shown in FIG. 4, the supervisory-level control system 201, which is
described herein, can be controlled such that the total power or the total amount of electricity
demanded by the large load entity 150 closely tracks the amount of power available from the
electric grid 110 even though the total power or the total amount of electricity demanded by
the large load entity 150 might otherwise diverge from the nominal levels.

[0043] With reference to FIG. 5, a supervisory-level control method is provided for
use in the large load entity 150 as described above. As shown in FIG. 5, the supervisory-level
control method includes receiving first and second signals (501), generating the second signal
by a heating, ventilation and air-conditioning (HVAC) system according to first set-point
signals and to a second set-point signal received from a supervisory controller (502),
determining a difference between the first signal and the second signal (503), generating a
demand signal according to the determined difference (504), generating a set-point command
signal and the second set-point signal according to the demand signal (505) and generating
the first set-point signals according to the set-point command signal (506).

[0044] Technical effects and benefits of the features described herein are the
provision of a control architecture which is scalable to non-disruptive supervisory level
controls in order to enhance a building dispatch capability and to increase or decrease its

electricity consumption by a certain amount within its demand flexibility limits. This will
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reduced electricity costs by enabling effective building responses to time of use pricing and
demand charges and can be used to provide other grid services, such as ramping control.
[0045] While the disclosure is provided in detail in connection with only a limited
number of embodiments, it should be readily understood that the disclosure is not limited to
such disclosed embodiments. Rather, the disclosure can be modified to incorporate any
number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the disclosure.
Additionally, while various embodiments of the disclosure have been described, it is to be
understood that the exemplary embodiment(s) may include only some of the described
exemplary aspects. Accordingly, the disclosure is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:
What is claimed is:

1. A supervisory-level control system, comprising:

a summation unit receptive of first and second signals;

a heating, ventilation and air-conditioning (HVAC) system to generate the second
signal according to first set-point signals and to a second set-point signal; and

a supervisory controller comprising:

a control unit receptive of an error signal, which represents a difference between the
first and second signals, from the summation unit;

a set-point scheduler receptive of a demand signal generated by the control unit
according to the error signal, the set-point scheduler being configured to generate a set-point
command signal and the second set-point signal according to the demand signal; and

a zone level set-point distribution unit configured to generate the first set-point signals
in accordance with the set-point command signal.

2. The supervisory-level control system according to claim 1, wherein the first
signal comprises an input power signal and the second signal comprises a total power demand
signal.

3. The supervisory-level control system according to claim 1, wherein the HVAC
system comprises a building air distribution system and a chiller plant.

4. The supervisory-level control system according to claim 3, wherein the HVAC
system further comprises zone climate controllers and a chiller controller.

5. The supervisory-level control system according to claim 4, wherein:

the first set-point signals comprise zone temperature set-point signals receivable by
the zone climate controllers, and

the second set-point signal comprises a chilled water supply temperature (CHWST)
set-point signal receivable by the chiller controller.

6. The supervisory-level control system according to claim 5, wherein the zone
level set-point distribution unit is configured to prioritize the zone temperature set-point
signals.

7. A supervisory-level control method, comprising:

receiving first and second signals;

generating the second signal by a heating, ventilation and air-conditioning (HVAC)
system according to first set-point signals and to a second set-point signal received from a

supervisory controller;
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determining a difference between the first signal and the second signal;

generating a demand signal according to the determined difference;

generating a set-point command signal and the second set-point signal according to
the demand signal; and

generating the first set-point signals according to the set-point command signal.

8. The supervisory-level control method according to claim 7, wherein the first
signal comprises an input power signal and the second signal comprises a total power demand
signal.

9. A system, comprising:

load entities that respectively establish a demand for electricity from a grid and
comprise a supervisory-level control system comprising:

a summation unit receptive of a first signal representative of electricity available from
the grid and a second signal representative of the demand for electricity;

a heating, ventilation and air-conditioning (HVAC) system to generate the second
signal according to first set-point signals and to a second set-point signal; and

a supervisory controller comprising:

a control unit receptive of an error signal, which represents a difference between the
first and second signals, from the summation unit;

a set-point scheduler receptive of a demand signal generated by the control unit
according to the error signal, the set-point scheduler being configured to generate a set-point
command signal and the second set-point signal according to the demand signal; and

a zone level set-point distribution unit configured to generate the first set-point signals
in accordance with the set-point command signal.

10. The system according to claim 9, further comprising at least one of a power
plant and an external power source to provide electricity to the grid.

11. The system according to claim 10, wherein the at least one of the power plant
and the external power source draw at least some electricity from renewable energy sources.

12. The system according to claim 10, wherein an amount of the electricity
available from the grid to each load entity is predefined.

13. The system according to claim 9, wherein the first signal comprises an input
power signal and the second signal comprises a total power demand signal.

14. The system according to claim 9, wherein the HVAC system comprises a

building air distribution system and a chiller plant.
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15. The system according to claim 14, wherein the HVAC system further
comprises zone climate controllers and a chiller controller.

16. The system according to claim 15, wherein:

the first set-point signals comprise zone temperature set-point signals receivable by
the zone climate controllers, and

the second set-point signal comprises a chilled water supply temperature (CHWST)
set-point signal receivable by the chiller controller

17. The system according to claim 16, wherein the zone level set-point

distribution unit is configured to prioritize the zone temperature set-point signals.
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