
(19) *EP004517203A1*
(11) EP 4 517 203 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
05.03.2025 Bulletin 2025/10

(21) Application number: 24197071.4

(22) Date of filing: 28.08.2024

(51) International Patent Classification (IPC):
F24F 11/46 (2018.01) F24F 11/47 (2018.01)

(52) Cooperative Patent Classification (CPC):
F24F 11/46; F24F 11/47; F24F 2140/60

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 29.08.2023 US 202363535274 P

(71) Applicant: Carrier Corporation
Palm Beach Gardens, FL 33418 (US)

(72) Inventors:
• HUANG, Wei

Palm Beach Gardens, 33418 (US)
• YU, Lei

Palm Beach Gardens, 33418 (US)
• DANIEL, Claus

Plainfield, 60585 (US)

• OGGIANU, Stella Maris
Palm Beach Gardens, 33418 (US)

• SHI, Runfu
Palm Beach Gardens, 33418 (US)

• DELUCA, Guy
Palm Beach Gardens, 33418 (US)

• MAKWINSKI, Mark
Palm Beach Gardens, 33418 (US)

• SHEN, Rebecca
Avon, 06001 (US)

• YIP, Mann-Fai
Singapore, 439968 (SG)

• LEE, Shaw Ping
Singapore, 123312 (SG)

• CHEW, Chai Kheh
Singapore, 550420 (SG)

(74) Representative: Dehns
10 Old Bailey
London EC4M 7NG (GB)

(54) BUILDING CHILLER/HEAT PUMP SYSTEM CARBON EMISSION REDUCTION BY SHIFTING
TEMPERATURE SETPOINT

(57) A building chiller/heat pump system (20) in-
cludes a chiller/heat pump system (20) for supplying a
conditioned fluid to change a temperature of air being
delivered into a building (21). The chiller/heat pump
system (20) is provided with a control (19) to achieve a
desired setpoint of the air delivered into the building (19).
The control (19) is programmed to receive a prediction of
expected remission levels in energy that will be delivered
to power the chiller/heat pump system (20). The control
(19) is programmed to change the setpoint such that an
energy level required to operate the chiller/heat pump
system (20) to achieve the setpoint will drop when the
expected emissions level increases, and adjusts the
setpoint in an opposed direction when the expected
emissions drops. A method is also disclosed.
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Description

BACKGROUND OF THE INVENTION

[0001] This application relates to amethod and control
which is operable to change a building chiller/heat pump
system temperature setpoint based upon the relative
"dirty/clean" nature of available electricity. Dirty or clean
refers to the emissions associated to the production of
such electricity, including the levels of carbon dioxide
release or other contaminants.
[0002] Most modern buildings are provided with a chil-
ler/heat pump system. The chiller/heat pump system is
operable to cool environmental air in hot times and pro-
vide heat during colder times. One such system is a so-
called chiller or heat pump. In a chiller/heat pumpsystem,
water is eitherheatedor cooledbya refrigerant cycle, and
supplied through radiators to heat or cool the air in a
building.
[0003] Currently, carbon emissions from buildings ac-
counts for approximately 33% of world annual carbon
emissions. In a typical commercial building, the chiller/-
heat pump system accounts for 30‑50% of that total.
[0004] New built buildings can be provided with more
energy efficient chiller/heat pump systems. However, it
would be unduly expensive tomodify existing chiller/heat
pump systems in a similar manner.

SUMMARY OF THE INVENTION

[0005] According to a first aspect of the invention there
is provided a building chiller/heat pump system compris-
ing one or multiple chillers/heat pumps for supplying a
conditioned fluid to change a temperature of air being
delivered into a building. The chiller/heat pump system is
provided with a control to achieve the desired setpoint of
the air delivered into the building. The control is pro-
grammed to receive a prediction of power grid electricity
expected to be generated and the emission levels em-
bedded in that electricity that will be delivered to power
the chiller/heat pumpsystem.The control is programmed
to change the water temperature setpoint such that an
energy level required to operate the chiller/heat pump
system to achieve this setpoint will drop when the ex-
pected emissions level increases, and adjusts this set-
point in an opposed direction when the expected emis-
sions drops, while the level of temperature comfort in the
conditioned building or zone is maintained within a pre-
defined margin.
[0006] Optionally when the available energy is rela-
tively dirty, and the chiller/heat pump system is operating
in a cooling mode, the water temperature setpoint is
increased for a period of time, and if the chiller/heat pump
is operating in a heating mode, the setpoint is decreased
for a period of time.
[0007] Optionally when the water temperature water
temperature setpoint is changed in the opposed direc-
tion, it is changed to amagnitude that exceeds the actual

desired setpoint at that time.
[0008] Optionally the prediction is a prediction of quan-
tity of emissions per a unit of energy.
[0009] Optionally the chiller/heat pump system is one
or multiple water chiller or heat pump plant system, and
the controls change a temperature of the water leaving
the chiller or heat pump to achieve a desired temperature
within the building.
[0010] Optionally the change in the water temperature
setpoint occurs across a plurality of cycles during an
extended period of relatively dirty power supply.
[0011] Optionally when thewater temperature setpoint
is changed in the opposed direction, it is changed to a
magnitude that exceeds the actual desired setpoint at
that time.
[0012] Optionally the prediction is a prediction of quan-
tum of emissions utilized by the system to deliver accep-
table levels of comfort.
[0013] Optionally the chiller/heat pump system is a
water chiller, and the control changes a temperature of
the water to achieve the desired setpoint of air delivered
into the building.
[0014] Optionally the change in the water temperature
setpoint occurs across a plurality of cycles during an
extended period of relatively dirty power supply.
[0015] According to a second aspect of the invention
there is provided a method of operating a chiller/heat
pump system for suppling a conditioned fluid to change a
temperature of air being delivered into the building. The
chiller/heat pump system is provided with a control to
achieve a desired setpoint of the air delivered into the
building. The control receives a prediction of expected
emissions levels in energy that will be delivered to power
the chiller/heat pump system. The control changes the
water temperature setpoint such that an energy level
required to operate the chiller/heat pump system to
achieve the setpoint will drop when the emissions level
increases, and adjusts the setpoint in an opposed direc-
tion when the expected emissions level drops.
[0016] Optionally when available energy is dirty, and
the chiller/heat pump system is operating in a cooling
mode, the water temperature setpoint is increased for a
period of time, and if the chiller/heat pump is operating in
a heating mode, the setpoint is decreased for a period of
time.
[0017] Optionally when thewater temperature setpoint
is changed in the opposed direction, it is changed to a
magnitude that exceeds the actual desired setpoint at
that time.
[0018] Optionally the prediction is a prediction of quan-
tum of emissions per a unit of energy.
[0019] Optionally the chiller/heat pump system is a
water chiller, and the control changing a temperature
of the water to achieve a desired temperature of air
delivered into the building.
[0020] Optionally the change in the water temperature
setpoint occurs across a plurality of cycles during an
extended period of relatively dirty power supply.
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[0021] Optionally when thewater temperature setpoint
is changed in the opposed direction, it is changed to a
magnitude that exceeds the actual desired setpoint at
that time.
[0022] Optionally the prediction is a prediction of quan-
tum of emissions per a unit of energy.
[0023] Optionally the chiller/heat pump system is a
water chiller, and the control changes a temperature of
the water to achieve the desired temperature delivered
into the building.
[0024] Optionally the change in the water temperature
setpoint occurs across a plurality of cycles during an
extended period of relatively dirty power supply.
[0025] The various features and advantages of certain
exemplary embodiments will be described in greater
detail by way of example only. The drawings that accom-
pany the detailed description can be briefly described as
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figure 1 schematically shows a chiller/heat pump
system.
Figure 2 shows a projection of a marginal operating
emissions rate.
Figure3Ashowsacontrol usinganenergyprojection
rate.
Figure 3B shows a similar condition when the chil-
ler/heat pumpsystem isoperating in aheatingmode.
Figure 3C shows another condition during a cooling
mode.
Figure 4 shows a flowchart.
Figure 5 showsablockdiagramof amodel predictive
control.

DETAILED DESCRIPTION

[0027] Figure 1 schematically shows a building chil-
ler/heat pump system 20. A building 21 is shown sche-
matically receiving system 20. Of course, as known,
much of system 20 may actually be outside the building
21. System 20 has a heat exchanger 22 through which
water passes to exchange heat with air at 24 to be
delivered into the building 21. In a disclosed embodiment
the chiller/heat pump system 20 is a water chiller, and
water is a working fluid in the heat exchanger 22.
[0028] If thechiller/heat pumpsystem20 isoperating in
a cooling mode, the water passing through heat exchan-
ger 22 is relative cool and it cools the air delivered at 24
into the building 21. Alternatively, during heating opera-
tion the water delivered into the heat exchanger 22 is
relatively hot. The detail of the water chiller and its opera-
tion in heating and cooling modes may be as known and
forms no portion of this disclosure.
[0029] A second heat exchanger 26 is associated with
a refrigerant system 27 to either heat or cool the water

prior to being delivered to exchange heat with the air at
element 24. The refrigerant system 27 includes a com-
pressor 28, the heat exchanger 26, an expansion device
30 and a second heat exchanger 32. A fluid line 34
selectively delivers a fluid to either heat or cool the re-
frigerant in heat exchanger 32. A control 19 is shown
schematically, and controls the refrigerant system in a
manner such that the temperature of the water delivered
to heat exchanger 22 is at a desired "setpoint" for the air
being delivered through the element 24 into the building
21.
[0030] Again, the operation of such systems is as
known.
[0031] Recently, third party data suppliers are provid-
ing information known as a marginal operating emission
rate ("MOER"). Figure 2 shows an example of what an
MOER might look like. A graph of the quantum of emis-
sionsover time isshown. It is known thatduringaday,and
across seasons, an electricity supply system will rely on
fossil fuel ("dirty") for a certain percentage and more
renewable or green sources ("clean") as available. As
an example, wind, nuclear or solar power are used to
supplement fossil fuel.
[0032] However, the percentage of "clean" power var-
ies with the availability of, say, wind, nuclear and solar
energy. As such, as shown at Figure 2, the quantum at
pointX,midnight,maybe relativelyhigh.Bynoon thenext
day, that value at Y may have fallen. By point Z the value
may have again increased.
[0033] As shown at I, the chart varies with time, sea-
son, etc., and further with the weather of a particular day.
That is, as shown at I, it is not always variable simply by
the hour of the day.
[0034] The present invention includes control 19 being
programmed to respond to the predicted high emissions
level, and adjust a set point of the air being delivered into
the building 21. The control 19 is provided with informa-
tion such as shown in Figure 2 predicting the emissions
overtime.
[0035] Now, as shown in Figure 3A, the MOER at 40 is
shown having a "dirty" increasing spike at 42. A cooling
water temperature setpoint 48 is increased at 49 to re-
duce the volume use of the dirty energy. As point 42
passes, the cooling water temperature setpoint is con-
trolled to drop lower at 50 to help the temperature within
the building recover. When the setpoint is initially chan-
ged in the opposed direction, it may change to a magni-
tude that exceeds the actual desired setpoint at that time.
The coolingwater temperature setpoint then increases at
51 back to the actual desired level once the MOER
returns to its normal number 43.
[0036] By doing this, the overall carbon emission from
the chiller/heat pump system 20 is reduced. The reduc-
tion may not be enormous, but over time even small
reductions are valuable.
[0037] It should be understood that there is a gooddeal
of thermal inertia in a chiller/heat pump system such as
system 20, and thus even though the water temperature
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setpoint is increased at 49, the air would not necessarily
immediately become unduly warm. Also, the increase
need not be large.
[0038] It should be understood that Figure 3A shows
the system 20 operating in a cooling mode. It is also
shown that the renewable electric power line 44 would
include a drop at 46 to coincide with the spike 42.
[0039] Figure 3B shows how the control 19 is pro-
grammed to control the chiller/heat pump system 20
when operating in a heating mode. Now, the water tem-
perature setpoint 48 drops at 60 when the spike 42
occurs, and increases at 62 when the MOER returns to
its normal level at 43, or when the building temperature
becomes unacceptable. Increase 62 allows the building
temperature to quickly recover. The setpoint thenmoves
down from point 62 to the actual desired setpoint 63 after
a period of time.
[0040] In addition, it can be seen that the electrical
power 44 has a drop 46 consistent with the spike 42
and then an increase 64.
[0041] Figure 3C shows one other control mode. Here,
theMOER40hasa long spike42. Thewater temperature
setpoint line 48 then increases at 149 for a period of time
before dropping at 150, and then cyclically moving be-
tween 149 and 150 until returning to a desired level at
151. In this manner, when a long spike is expected, the
occupantsof thebuilding21will not seeasuncomfortable
of temperatures in theambient air.Note,Figure3Cshows
operation in a coolingmode but the same could occur in a
heating mode.
[0042] Figure 4 is a flowchart for the disclosedmethod.
At step 100, a chiller is operated.
[0043] At step 101, clean and dirty energy times are
identified such as from a MOER. Then, at step 102, a
temperature setpoint is adjusted based upon the relative
clean and dirty energy over time.
[0044] Figure 5 is a block diagram 200 of a model
predictive control. An output 202 goes to the control 90
for thechiller/heatpumpsystem.Apredictor204 receives
theMOERinformationat206.Thepredictoralso receives
the output, and is able to calculate carbon emission and
the actual room temperature that will be experienced in
the building. An input 216 may be a reference tempera-
ture such as from the building.
[0045] An optimizer 208 is programmed to make the
decisions and operate the method as disclosed above.
Optimizer 208 is provided with cost function information
210andconstraintsat 212.Theconstraintsmaybe, asan
example, a limit on how far out of the target temperature
the control may move the temperature away from a
desired temperature and limits for how long. A building
field or model 214 is also provided.
[0046] While the system 200 is shown here separate
from the control 19, it may of course be built into the
control 19.
[0047] The model predictive control 200 is operable to
calculate a carbon emissions savings based upon the
method and apparatus of this invention. As one simple

example, the predicted emissions per BTU of energy can
be utilized in combinationwith the reduction inBTUsover
the period of time for each reduction to reach a quantum
of carbon emissions saved by this method. Such savings
can then be reported to various organizations that credit
carbon emission savings. While the basic algorithm for
calculating carbon emission saving is mentioned above,
more refined algorithms may be developed.
[0048] While a chiller is specifically disclosed it should
be understood that the same basic concept could extend
to other types of chiller/heat pump system including
standard air conditioning systems, as an example.
[0049] Although embodiments of this invention have
been shown, a worker of ordinary skill in this art would
recognize that modifications would come within the
scope of this invention as set out in the appended claims.
For that reason, the following claims should be studied to
determine the scope this invention.

Claims

1. Abuilding chiller/heat pump system (20) comprising:

a chiller/heat pump system for supplying a con-
ditioned fluid to change a temperature of air
being delivered into a building (21), said chiller/-
heat pump system being provided with a control
(19) to achieve a desired water temperature
setpoint to condition the air delivered into the
building; and
the control being programmed to receive a pre-
diction of expected emission levels in energy
that will be delivered to power the chiller/heat
pump system, and the control being pro-
grammed to change the setpoint such that an
energy level required to operate the chiller/heat
pump system to achieve the setpoint will drop
when the expected emissions level increases,
and adjusts the setpoint in an opposed direction
when the expected emissions drops.

2. The system (20) as set forth in claim1,whereinwhen
the available energy is relatively dirty, and the chil-
ler/heat pump system is operating in a coolingmode,
the setpoint is increased for a period of time, and if
the chiller/heat pump is operating in a heatingmode,
the setpoint is decreased for a period of time.

3. The system (20) as set forth in claim 1 or 2, wherein
when the setpoint is changed in the opposed direc-
tion, it is changed to a magnitude that exceeds the
actual desired setpoint at that time.

4. The system (20) as set forth in any of claims 1 to 3,
wherein the prediction is a prediction of quantity of
emissions per a unit of energy.
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5. The system (20) as set forth in any preceding claim,
wherein the change in the setpoint occurs across a
plurality of cycles during an extended period of re-
latively dirty power supply.

6. The system (20) as set forth in any preceding claim,
wherein the control (19) is programmed to calculate
a quantity of reduced emission based upon the ad-
justment of the set point.

7. A method of operating a chiller/heat pump system
(20):

operating a chiller/heat pump system for supply-
ing a conditioned fluid to change a temperature
of air being delivered into the building (21), said
chiller/heat pump system being provided with a
control (19) to achieve a desiredwater tempera-
ture setpoint to condition the air delivered into
the building; and
the control receiving a prediction of expected
emissions levels in energy that will be delivered
to power the chiller/heat pump system, and the
control changing the setpoint such that an en-
ergy level required to operate the chiller/heat
pump system to achieve the setpoint will drop
when theemissions level increases, andadjusts
the setpoint in an opposed direction when the
expected emissions level drops.

8. Themethod as set forth in claim 7, wherein when the
available energy is relatively dirty, and the chiller/-
heat pump system (20) is operating in a cooling
mode, the setpoint is increased for a period of time,
and if the chiller/heat pump is operating in a heating
mode, the setpoint is decreased for a period of time.

9. Themethod as set forth in claim7or 8,whereinwhen
the setpoint is changed in the opposed direction, it is
changed to a magnitude that exceeds the actual
desired setpoint at that time.

10. The method as set forth in any of claims 7 to 9,
wherein the prediction is a prediction of quantity of
emissions per a unit of energy.

11. The method as set forth in any of claims 7 to 10,
wherein the change in the setpoint occurs across a
plurality of cycles during an extended period of re-
latively dirty power supply.

12. The method as set forth in any of claims 7 to 11,
wherein the control (19) is programmed to calculate
a quantity of reduced emission based upon the ad-
justment of the set point.
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