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(54)
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.

BUILDING CHILLER/HEAT PUMP SYSTEM CARBON EMISSION REDUCTION BY SHIFTING
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Description
BACKGROUND OF THE INVENTION

[0001] This application relates to a method 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 pump system,
water is either heated or cooled by a 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 to modify 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 pump system. 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, itis changed to a magnitude that exceeds the actual
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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 the water 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 the water 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 the water 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.

Figure 3A shows a control using an energy projection
rate.

Figure 3B shows a similar condition when the chil-
ler/heat pump systemis operating in a heating mode.
Figure 3C shows another condition during a cooling
mode.

Figure 4 shows a flowchart.

Figure 5 shows a block diagram of a model 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] Ifthe chiller/heat pump system 20 is operatingin
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
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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]
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-
sions overtimeis shown. Itis known that during aday, 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
point X, midnight, may be relatively high. By noon the next
day, that value at Y may have fallen. By point Z the value
may have again increased.

[0033] As shown at |, the chart varies with time, sea-
son, etc., and further with the weather of a particular day.
That is, as shown at |, it is not always variable simply by
the hour of the day.

[0034] The presentinventionincludes 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 at40 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 cooling water temperature setpointthen 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] Itshould be understood thatthere is a good deal
of thermal inertia in a chiller/heat pump system such as
system 20, and thus even though the water temperature

Again, the operation of such systems is as
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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 then moves
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,
the MOER 40 has along spike 42. The water 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
occupants of the building 21 will not see as uncomfortable
oftemperatures in the ambient air. Note, Figure 3C shows
operation in a cooling mode but the same could occurina
heating mode.

[0042] Figure 4 is a flowchart for the disclosed method.
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
forthe chiller/heat pump system. A predictor 204 receives
the MOER information at206. The predictoralso 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
210 and constraints at212. The constraints may be, as an
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
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example, the predicted emissions per BTU of energy can
be utilized in combination with the reduction in BTUs over
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.
Forthat 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 setpointin an opposed direction
when the expected emissions drops.

2. Thesystem (20)as setforthin claim 1, wherein when
the available energy is relatively dirty, and the chil-
ler/heat pump system 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.

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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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.

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.

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 desired water 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 the emissions level increases, and adjusts
the setpoint in an opposed direction when the
expected emissions level drops.

The method 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.

The method as set forth in claim 7 or 8, wherein when
the setpoint is changed in the opposed direction, itis
changed to a magnitude that exceeds the actual
desired setpoint at that time.

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.

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.

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.

10

15

20

25

30

35

40

45

50

55



EP 4 517 203 A1

19 ; iy

MOER {C02 ibs/Mwh}

Y

12 6 12 6
TIME

FIG. 2



EP 4 517 203 A1

0
A 10 23
MOER {€02 Ihs/MWh} L) 4
51
s
COOLING WATER SETPOINT | — Vil

48 47
ELECTRICAL POWER (kW) _T\L:;

a1 TIME (MIN)

FIG. 3A
42
A 40 43
MOER 02 I/} - 62 L
60
HOT WATER SETPOINT <1/ | _Z

ELECTRICAL POWER (kW) —X\_L;L

a1 TIME (MIN)

FIG. 3B



A

EP 4 517 203 A1

1
40
149 149 149 149 o
/ / / / f
48 \ \ \ \
150 150 150 150
FIG. 3C
OPERATECHILLER |00
v
IDENTIFY UPCOMING |~ 1
CLEAN AND DIRTY TIMES
v
ADJUST TEMPERATURE  |~—102
SET POINT

FIG. 4



EP 4 517 203 A1

¢ 9l

zizsinuvasno| | MORNH | o
20l N\ / 912
\ INdINO (7300w y0 ) TO¥INOGD LIIHS [ YIZINILAO 1 o~ JINTYI |
6L \d131d ONICTINg; 9 hwcw h
/
b1e r )
007" »  Y0DI03Yd )
NIV¥IdWAL WOOY 5 J4NIVYIdWIL WOOY ANV

LEL ]

ANV NOISSIWA NOBY¥Y) Q3LvIN)IV) NOLLIONO NOLLV¥3d0 N gq7

POZ  NOISSIWI NOSYY) (11DICT¥d



10

15

20

25

30

35

40

45

50

55

EP 4 517 203 A1

9

des

Europaisches
Patentamt

European
Patent Office

Office européen

brevets

w

EPQ FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 24 19 7071

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2022/381471 Al (WENZEL MICHAEL J [US] 1-12 INV.
ET AL) 1 December 2022 (2022-12-01) F24F11/46
* paragraphs [0004] - [0444]; figures 1-42 F24F11/47
*
A JP 2015 098965 A (TAISEI CORP) 1-12
28 May 2015 (2015-05-28)
* figures 1-6 *
A US 11 536 476 B2 (JOHNSON CONTROLS TYCO IP|1-12
HOLDINGS LLP [US])
27 December 2022 (2022-12-27)
* figures 1-6 *
TECHNICAL FIELDS
SEARCHED (IPC)
F24F
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 26 November 2024 Ismail, Youssef

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

after the filing date
: document cited in the application
: document cited for other reasons

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
D

L

O : non-written disclosure & : member of the same patent family, corresponding

P :intel

rmediate document document

10




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 4 517 203 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 24 19 7071

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

26-11-2024
Patent document Publication Patent family Publication
cited in search report date member(s) date
UsS 2022381471 Al 01-12-2022 NONE
JP 2015098965 A 28-05-2015 JP 6196887 B2 13-09-2017
JP 2015098965 A 28-05-2015
US 11536476 B2 27-12-2022 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

11



	bibliography
	abstract
	description
	claims
	drawings
	search report

