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(54) Demand management for water heaters

(57) A water heating control and storage system, in-
cluding an insulated tank for containing water to be heat-
ed. The storage system has a heat exchanger connected
to the tank for using energy stored during off peak times
as in water heated above normal storage temperature.
An operation control device receives a demand response
signal and enables water to be heated in a heat storing
mode to heat water for usage. A method for controlling

a water heating storage system includes providing an
insulated tank for containing water to be heated; provid-
ing a heat exchanger coupled to the tank; and selectively
operating in a heat storing mode in which water in the
tank is heated to a higher than normal temperature and
a heat exchange mode during which heat is extracted
from the water stored in the tank by a heat exchanger for
supplying stored energy to another energy consuming
load in response to a demand response signal.
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Description

BACKGROUND

[0001] The present disclosure relates generally to
managing water heater systems. More particularly, it re-
lates to managing and controlling water heater systems
in a manner responsive to varying energy demand peri-
ods.
[0002] Water heater storage tanks are used for storing
and supplying hot water to households. A typical resi-
dential water heater holds about fifty gallons (190 liters)
of water inside a steel reservoir tank. A thermostat is
used to control the temperature of the water inside the
tank. Many water heaters permit a consumer to set the
thermostat to a temperature between 90 and 150 de-
grees Fahrenheit (F) (32 to 65 degrees Celsius (C)). To
prevent scalding and to save energy, most consumers
set the thermostat to heat the reservoir water to a tem-
perature in a range between 120.0 degrees F to 140.0
degrees F (about forty-nine degrees C to sixty degrees
C).
[0003] A water heater typically delivers hot water ac-
cording to the thermostat temperature setting. As a con-
sumer draws water from the water heater, the water tem-
perature in the water heater usually drops. Any time the
thermostat senses that the temperature of the water in-
side the tank drops too far below thermostat’s set point,
power is sent to the electric resistance heating element
(or a burner in a gas water heater). The electric elements
then draw energy to heat the water inside the tank to a
preset temperature level.
[0004] In some locations of the United States and glo-
bally, the cost for electrical energy can vary as a function
of the time of day, day of the week and season of the
year. In areas of the United States where energy is at a
premium, utility companies often divide their time of use
rates into off-peak and on-peak energy demand periods
with a significant rate difference between the periods.
For example, energy used during off-peak hours may
cost the consumer in United States dollars around 5 cents
to 6 cents per kilowatt hour (kWh), while on-peak period
energy may cost anywhere from 20 cents per kWh to
$1.20 or more per kWh.
[0005] A water heater that heats based on the water
demand of a typical household is likely to heat at the
same time as when energy demand on a utility company
is at its highest. As a result, drawing energy to heat a
water heater during these on-peak energy periods in-
creases a consumer’s monthly energy bill. The disclosure
seeks to provide a means to avoid on peak energy use,
saving the consumer operating expense, while supplying
a continuous supply of domestic hot water utilizing con-
ventional and possibly existing electric water heating sys-
tems.
[0006] One approach to negotiate the utility compa-
nies’ time of use energy rates would be to use a program-
mable timer to turn off the entire water heater or the lower

element. For example, a clock timer could be used to
provide planned heating periods during known off peak
periods of the day. While this approach is possible, adapt-
ing to period variation in the rate schedule and emergen-
cy load shedding request signals from the utility are not
accommodated.
[0007] Simply increasing the storage size of the tank
and/or increasing the set temperature of the tank in com-
bination with use of a thermostatic mixing valve at the
hot water outlet, serves to increase the hot water capac-
ity, but it does not alter the energy consumption pattern
of the water heating system. The lower heating element
will also need to be disengaged in order to avoid con-
sumption during "on peak" energy rate hot water usage.
[0008] Set point alteration is another means to reduce
heating events during on peak water usage. While this
will produce a similar outcome as disengagement of the
heating elements, it requires a substantially different con-
trol mechanism for regulation and limiting of the tank tem-
perature and cannot be easily retrofit to an existing water
heating system.
[0009] Another approach is simply shutting the entire
water heater off during on peak energy periods. This
could result in the consumer running out of hot water
during peak hours and left to wait until off peak hours to
resume heating the entire stored water volume of the
tank, meeting demand. This approach requires consum-
er behavior change or purchase and installation of a larg-
er storage tank size to bridge the peak hour water usage.
This results in an investment requirement from the con-
sumer and presumes the availability of space to install a
larger tank. Commonly, space limitation prevents instal-
lation of a water heater large enough to meet the storage
meets to bridge the peak hours.
[0010] A non-replenishing tank could be used to main-
tain heated temperatures during "on peak" hours and be
refilled and heated only during off peak hours. However,
this approach requires an open tank or a means to com-
pensate for pressure and volume changes.
[0011] Copending U.S. Application Serial No.
12/623,753 describes a system which provides a contin-
uous supply of domestic hot water to meet the needs of
a consumer, while utilizing off peak hours for heating of
the stored water. Such a system also provides a valuable
mechanism for a utility to shed load during peak and crit-
ical power demand periods. Another aspect of said ap-
plication is that the upper and lower heating elements
can be enabled/disabled independently based on the de-
mand response signal level. Still another aspect of the
disclosure is the heating operation corresponding to the
demand response level is consumer selectable for mul-
tiple tier signals (which may be greater than four levels).
During low energy rate conditions, the lower element is
engaged to heat the contents of the full tank for future
use during high energy rate periods. The lower element
is then disengaged during high energy rate periods ac-
cording to the programmed schedule, or an external or
consumer input, reducing energy consumption during
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high energy rate periods. A limitation of this system is
that the stored energy can only be used for hot water. If
the consumer is away, or not using water that stored,
energy is essentially wasted.
[0012] Thus there is a need for a system that can re-
move excess energy from the hot water heater when en-
ergy rates are high and store additional energy when
electric rates are low.

SUMMARY

[0013] A water heating and storage system includes
an insulated tank with an upper and lower heating ele-
ment which may be resistive heating or a heat pump,
each with independent temperature regulating and limit-
ing capability and a control device for operating each
element independently. The water heater could also be
fired by natural gas or propane if in the future the cost of
those varied over time. The control is configured to pro-
vide heating input during low energy rate or usage con-
ditions to minimize operating cost. The signal for the con-
trol indicative of the energy rate or usage condition can
be either generated in accordance with a programmed
time schedule, or an external input signal from the utility
or energy provider indicating a change in energy cost
rate or from the consumer/owner. The water heater is
provided with a thermostatic control valve to provide con-
sistent output temperatures.
[0014] A plumbing connection is also provided to allow
hot water from the tank to be diverted to a heat exchanger
before going through the thermostatic valve. This may
be accomplished by removing the water from the hot wa-
ter tank and sending it to the heat exchanger and return-
ing it to the tank, or providing plumbing connections to
remove the water from the tank and storing it in a new
tank, and using a mixing valve to fill the new tank to a
desired temperature. This allows heat transfer from the
tank without mixing the fluids.
[0015] The water is heated up to the maximum tem-
perature allowed by the tank construction. Typically 170
- 180F for a standard water heater, but the methods for
operating at higher temperatures and pressure are well
documented in the boiler industry. A thermostatic mixing
valve is used at the hot discharge of the storage tank to
reduce the temperature of the water delivered to the user,
reducing scalding risk and effectively increasing the ther-
mal energy storage capacity of the system.
[0016] In one embodiment, a water heating control and
storage system comprises a first insulated tank for hold-
ing water to be heated and a second insulated tank for
holding water to be heated. A first plumbing connection
is coupled to the first and the second tank, and configured
to enable a first flow of water heated to a storage tem-
perature greater than approximately 150 degrees F from
the first tank towards the second tank. A heat exchanger
operatively selectively coupled in a parallel in heat ex-
change relationship with the water in connection to the
first and the second insulated tank for transferring heat

from a first flow of water that is heated to another medium.
The system also comprises an operation control device
configured to receive and process a demand response
signal and operate the first tank in at least one of a plu-
rality of operating modes, including at least a water heat-
ing mode and a heat exchange mode.
[0017] These and other aspects of the present disclo-
sure will become apparent upon a reading of the detail
description and a review of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is an isometric view of a water heater system
in accordance with an illustrative embodiment of the
present disclosure;

FIG. 2 is an isometric view of a water heater system
in accordance with an illustrative embodiment of the
present disclosure;

FIG. 3 is an isometric view of a water heater system
in accordance with an illustrative embodiment of the
present disclosure;

FIG. 4 illustrates a utility time of use rates for a sum-
mer season;

FIG. 5 illustrates a utility time of use rates for a winter
season;

DETAILED DESCRIPTION

[0019] Referring to FIG. 1, a water heating control and
storage system 10 in accordance with an exemplary em-
bodiment of the present disclosure is illustrated. The wa-
ter heater system 10 includes a water heater 12, a control
panel 14, a mixing valve 16, and a cutoff valve 18.
[0020] The water heater has a heater and a tank to
store heated water. The water heater includes a shell 20,
a "cold in" pipe 22, a "hot out" pipe 24, and a cover 26.
The casing surrounds a tank 30 that acts as an interior
reservoir for water. Insulation is provided around the ex-
terior of the tank to reduce heat transfer. For typical do-
mestic household use, the tank is preferably 80-gallon
capacity or more. The cold in pipe delivers water to the
water heater at a temperature typically 40 to 80 degrees
F (4 to 27 degrees C). The hot out pipe conventionally
delivers water away from the water heater at a temper-
ature of about 120 degrees F (about 49 degrees C). The
cover and base seals the shell providing an enclosure
for the tank, insulation and wiring system.
[0021] The water heater control and storage system
10 of FIG. 1 further comprises a heat exchanger 70 that
is operatively selectively coupled in heat exchange rela-
tionship with the water in tank 30. In the embodiment of
Figure 1, heat exchanger 70 is connected to the water
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heater 12 via a closed loop 76. The close loop 76 includes
the storage tank 30 connected to the heat exchanger 70
with a first plumbing connection 72 and a second plumb-
ing connection 74. The heat exchanger 70 is provided
for extracting energy from the water in tank 30 in accord-
ance with an exemplary embodiment of the disclosure.
[0022] The heat exchanger 70 is configured for efficient
heat transfer from a first medium comprising water to
another medium, which can be water, another different
fluid, air, or metal, for example. The media may be sep-
arated by a wall (not shown) or in direct physical contact
in some cases. The heat exchanger 70 is used in any
setting (e.g., industry, home use, etc.) both for cooling
and/or heating. The type and size of the heat exchanger
used can be tailored to suit a process depending on the
type of fluid, its phase, temperature, density, viscosity,
pressures, chemical composition and various other ther-
modynamic properties.
[0023] To take advantage of low cost electricity during
an off peak operating state of an energy provider, the
water heating system 10 heats the water in the storage
tank to an above normal temperature, e.g., above a tem-
perature of about 150 degrees F. Thus electric energy
provided during the off peak lower rate period is stored
in the form of heat energy in water heated above normal
storage temperature (e.g., water above 150 degrees F).
During periods of time when electricity is more expensive,
the water heating system 10 can be operated in an energy
saving mode which would include the heat exchange
mode to transfer energy in the stored water heated above
normal storage temperature to another medium to pro-
vide energy for the other device or function served by the
heat exchanger at a lower cost, which is provided by the
DR signals or TOU rates sent by the utility and received
at the system further discussed below. For example, if
the heat exchanger 70 is configured to function as source
of heat for a radiator or a forced air unit, heat in the form
of water heated above normal storage temperature is
transferred from tank 30 to the air for heating a dwelling
or building. In another example, the heat is used in HVAC
coils for air conditioning. Liquid-to-air or air-to-liquid
HVAC coils are of a modified cross flow arrangement.
On the liquid side of these types of heat exchangers, the
fluids are water, a water-glycol solution, steam or a re-
frigerant, for example. The present disclosure is not lim-
ited to any one type of medium, nor is the disclosure
limited to any one type of heat exchanger for making use
of energy stored in the system 10.
[0024] In another embodiment, the heat exchanger 70
is a thermoelectric generator or a turbine, for example,
for converting heat stored in the water heated above nor-
mal storage temperature to electricity. Thermoelectric
generators are devices which convert heat differentials
(e.g., heat gradients) directly into electrical energy. A
principal of operation is based on the thermoelectric ef-
fect, which is the direct conversion of temperature differ-
ences to electric voltage and vice versa. A thermoelectric
device creates a voltage when there is a different tem-

perature on each side of junction within a close loop, for
example. Conversely when a voltage is applied to it, a
temperature difference is created (known as the Peltier
effect). At atomic scale (specifically, charge carriers), an
applied temperature gradient causes charged carriers in
the material, whether they are electrons or electron holes,
to diffuse from the hot side to the cold side, similar to a
classical gas that expands when heated; hence, the ther-
mally-induced current. This effect can be used to gener-
ate electricity, to measure temperature, to cool objects,
or to heat them or cook them. Because the direction of
heating and cooling is determined by the sign of the ap-
plied voltage, thermoelectric devices can make good
temperature controllers.
[0025] Referring again to Fig. 1, the first plumbing con-
nection 72 comprises a hot water connection for provid-
ing a first flow 78 of water heated above normal storage
temperature to to heat exchanger 70 to transfer heat from
the water to another medium within the heat exchanger.
Pressure within the system 10 is substantially constant.
Therefore, the system 10 includes a pump 80 to selec-
tively create the first flow 78 into the heat exchanger 70
and a second flow 82 that returns water back to the tank
30. When the system is operating in the normal water
heating mode, pump 80 is not energized and the water
is simply maintained at the prevailing set point tempera-
ture. For example, during low rate off peak states, the
set point temperature may be set for the heat storage
mode during which the water is heated to the higher than
normal temperature set point, preferably a temperature
set point greater than 150 degrees F. When operating in
the energy saving mode, such as during a peak or high
rate utility state, the water heater set point may be ad-
justed to heat the water to a more typical or normal tem-
perature on the order of 120 degrees F. When in the
energy saving mode, the system may also operate in the
heat exchange mode by energizing pump 80 to circulate
hot water from the storage tank through the heat ex-
changer 70. During circulation in the heat exchange
mode, cooler water in the second flow 82 returns to the
bottom of the tank in order to keep the water temperature
stratified with the hot water at the top and cooler water
at the bottom of the tank 30. Thus, the first flow 78 of
water comprises water of a higher temperature than the
second flow 82 of water returning to the tank 30. This
difference in temperature results from the heat from the
stored water being extracted as it moves through the heat
exchanger and transferred to the the other medium,
which flows through the heat exchanger via connections
71 and 73. For example, connections 71 and 73 may be
conducting air to be heated for a forced air heating sys-
tem, in which case, air is heated by the water heated
above normal storage temperature and used as hot air
to heat the system.
[0026] In another exemplary embodiment illustrated in
Fig. 2, water is not diverted from the water tank to the
heat exchanger, but rather kept within the water tank
(FIG. 2). In this example, a low pressure loop 110 is pro-
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vided with a pressure sensor 120 for determining a
change in pressure in the case of any leakage occurring.
The loop 110 comprises the heat exchanger 70 and the
pump 80, as discussed supra. The loop 110 is a closed
loop that could comprise a glycol fluid or other fluid that
is not harmful if leaked out. The fluid is in heat exchange
relationship with the water in the tank and with heat ex-
changer 70. Hot water (e.g., water heated above normal
storage temperature) in the tank is therefore used to heat
the fluid in the loop 110 for the heat exchanger 70. An
air chamber or plenum 87 encloses heat exchanger 70.
Air enters the plenum through filter 85 and flows over the
heat exchanger absorbing heat from the fluid flowing in
loop 110. The heated air exits at 81 into the environment
being heated.
[0027] Hot water service is typically provided at 120
degrees F, therefore the thermostatic mixing valve set-
ting is about 120 degrees F. Typical element settings are
in a range from 120 degrees F to 140 degrees F for a
conventional water heater. When a water heater is being
configured to perform under a demand response ap-
proach as described in this disclosure, the energy stor-
age capacity of a water heater can be maximized by el-
evating the element setting to a maximum level greater
than the normal setting, and preferably greater than
about 150 degrees F for heating water in the tank in a
heat storing mode of operation.
[0028] Referring back to FIG. 1, when the water heater
is supplied power directly, a thermostat 36 can provide
sole control over the flow of energy to the heating ele-
ments to maintain a predetermined substantially stable
temperature in the tank. If the thermostat provides the
only control over the flow of energy to the water heater,
then the water heater may operate during on-peak ener-
gy periods. To provide more control over the operation
of the heating elements, the water heater system in-
cludes the demand response control panel which is con-
figured to disable or prevent or otherwise control ener-
gization of the water heater elements in response to the
rate or energy usage condition information.
[0029] The water heater system further includes mix-
ing valve 16 connected to a cold in pipe 22 and the hot
out pipe 24. The temperature of the water in the cold in
pipe is about 40 degrees F to 80 degrees F (about four
degrees C to twenty-seven degrees C).
[0030] On receiving cold water from the cold in pipe
and hot water from the hot out pipe 24, the mixing valve
16 is configured to combine the two different temperature
waters into mixed water having a temperature selected
by the user by adjusting the temperature set point for the
mixing valve. For example, the user typically selects a
set point in the 110 - 120 degrees F range and in response
water from the mixing valve outputs into a service pipe
60 at approximately the set point temperature.
[0031] The cutoff valve 18 is provided as a safety back-
up to the mixing valve. In other words, the cutoff valve is
a thermostat-controlled safety device that automatically
closes if the water in the service pipe 60 reaches a pre-

determined high temperature, such as about 160.0 de-
grees F (about seventy-one degrees C.).
[0032] Through an interface of the control panel 14, a
consumer inputs the preferred response to the tiered sig-
nal levels from the energy provider and/or the pro-
grammed daily off-peak/on-peak demand periods sched-
uled into a timer. The signal line also delivers this infor-
mation into the control panel from, for example, utility
companies.
[0033] The control panel 14 includes a demand re-
sponse (DR) control 48 which in turn is connected to a
transceiver 54, which is connected directly or indirectly
to a source of utility rate information such as for example,
a "smart" utility meter 42. A power connection is provided
to the water heater system. The water tank, as well as
the control panel is provided power from this connection.
The control panel serves to enable control of power to
the water heater and pump 80 to operate the system in
the normal mode and the energy saving mode, including
the heat exchange mode, based on a communication
signal to an interfaced port.
[0034] The demand response control 48 communi-
cates via a signal line 50 from an energy provider, via a
transceiver or hard line connection. The signal line com-
municates status information such as the response level
regarding off-peak and on-peak information from energy
generating facilities. The demand response control can
be configured to receive and process a signal indicative
of a current state of a utility or energy provider. The utility
state has an associated energy cost.
[0035] The demand response control is configured to
override the normal operating mode of the water heater
based on the operating state of the utility to reduce energy
consumption during peak usage states thereby lowering
the energy cost for the user. A manual override for a user
can be provided to override the demand response signal
if desired. As one example, the control may be configured
to operate the water heater system in an energy savings
mode when the utility is operating in a peak state. Alter-
natively, the user may select a target or threshold energy
cost. If a current energy cost indicated by the utility state
signal, exceeds the user selected cost, the water heater
system is operated in an energy saving mode. If the utility
is operating in an off-peak mode, or current energy cost
is less than the user selected cost, the operation control
device operates the water heater system in a normal op-
erating mode. When operating in the normal operating
mode, the water heater is enabled operate in a heat stor-
ing mode to heat the water to a higher than normal tem-
perature, e.g., a predetermined temperature in excess
of 150 degrees F, taking advantage of low cost energy
being provided by heating the water above normal stor-
age temperature in the tank. This energy is then used
during operation in the heat exchange mode for reducing
energy cost during peak times when energy cost is high-
er.
[0036] The DR control acts as a radio receiver or has
a remote transceiver, which could receive a multiple
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tiered response level signal, directly or indirectly from the
utility for example. A multi leveled response is operable
for triggering an "on peak" response. For example, the
control has a cost control that processes at least one
signal having an associated energy cost. The control en-
ables operation of the heat exchanger 70 in the heat ex-
change mode when the energy cost associated with the
signal is high. Thus, the heat exchanger 70 operates to
save cost when costs are high. Likewise, when the en-
ergy cost is lower, then the tank operates in a heat storing
mode to heat water above normal storage temperature
for storing.
[0037] Referring now to FIG. 3, a water heating control
and storage system 310 in accordance with another ex-
emplary embodiment of the present disclosure is illus-
trated. The water heater system 310 includes a first water
heater 302, a second water heater 304, an operation con-
trol 314, a mixing valve 316, and a heat exchanger 370.
[0038] The first water heater 302 has a "cold in" pipe
322, a "hot out" pipe 324, and a cover 326. The casing
surrounds a tank 330 that acts as an interior reservoir for
water. Insulation is provided around the exterior of the
tank to reduce heat transfer. The cold in pipe 322 delivers
water to the first water heater 302 at a temperature typ-
ically in the range of 40 to 80 degrees F (4 to 27 degrees
C). The hot out pipe conventionally in a water heating
mode delivers water away from the water heater at a
temperature of about 120 degrees F (about 49 degrees
C). However, since the first water heater 302 is used as
a means for storing water heated above normal storage
temperature, the "hot out" pipe 324 delivers water heated
above normal storage temperature at a temperature
above about 150 degrees F to the second water tank
304. The mixing valve 316 intercepts the water heated
above normal storage temperature flow and mixes cooler
water directed to it from the heat exchanger 370 via a
second plumbing connection 374. Consequently, water
entering the second water heater 304 is cooler at a more
standard temperature of about 120 degrees F.
[0039] The water heater control and storage system
310 of FIG. 3 further comprises a first plumbing connec-
tion 372 connecting the heat exchanger 370 to the "hot
out" pipe 324. Water heated above normal storage tem-
perature is supplied to the heat exchanger 370 via the
first plumbing connection 372.
[0040] The first water heater 302 in conjunction with
the second water heater 304 increases the water storage
capacity of the system. The second water heater 304 is
maintained at a standard water temperature, while the
first water heater 302 maintains the water stored at a
heat storing mode level for providing energy with the heat
exchanger 370.
[0041] The water in the first tank 302 is heated when
energy is provided at a relatively reduced cost with re-
spect to different cost levels. The operation control 314
is configured as a demand response control that acts as
a radio receiver or has a remote transceiver, which could
receive a multiple tiered response level signal, for exam-

ple. As discussed above, a multi leveled response is op-
erable for triggering an "on peak" response. The control
314 operates the heat exchanger 370 in the heat ex-
change mode to transfer the energy stored in the hot
water to another medium to supplement the energy need-
ed by another device when the energy cost associated
with the signal is relatively high.
[0042] FIGS. 4 and 5 illustrate examples of a utility’s
time of use rates for a summer season and winter season,
respectively. The peaks mostly follow residential heating
and cooling load and appliance (including water heating)
consumer usage patterns. For example, rates peak be-
tween 1:00 p.m. and 5:00 p.m. in the summer and be-
tween 6:00 p.m. and 9:00 p.m. in the winter. Of particular
importance is a winter peak of 6-9pm. These are exam-
ples of a specific utility, and they can vary significantly.
Especially in the southeastern United States, on winter
mornings there is high electrical demand from hot water
for bathing, cooking, and heating the home, which can
lead to peak rates in the early AM, or even two peak rate
periods a day.
[0043] The disclosure has been described with refer-
ence to the preferred embodiments. Obviously, modifi-
cations and alterations will occur to others upon reading
and understanding the preceding detailed description. It
is intended that the invention be construed as including
all such modifications and alterations.
[0044] For completeness, various aspects of the inven-
tion are now set out in the following numbered clauses:

1. A water heating control and storage system, com-
prising:

an insulated tank for holding water to be heated
to a storage temperature greater than approxi-
mately 150 degrees F;

a heat exchanger operatively selectively cou-
pled in heat exchange relationship with the water
in the insulated tank by a first plumbing connec-
tion for transferring heat from a first flow of the
water heated in the tank to another medium; and

an operation control device configured to re-
ceive and process a demand response signal
and to operate the system in at least one of a
plurality of operating modes, including at least
a water heating mode and a heat exchange
mode.

2. The system of clause 1, further comprising a sec-
ond plumbing connection coupled to the heat ex-
changer and the tank that is configured with a second
flow of water to return to the tank from the heat ex-
changer, the second flow having a cooler water flow
than the first flow.

3. The system of clause 1 or clause 2, wherein the
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first plumbing connection is configured to divert wa-
ter that is heated from the tank to the heat exchanger
where energy is transferred from heat stored in the
water of the tank to the another medium comprising
air, electricity, water or a different fluid.

4. The system of any preceding clause, wherein the
tank comprises an upper section and a lower section,
and the first plumbing connection is coupled to the
upper section of the tank to allow the flow of water
to be directed from the tank to the heat exchanger
and to maintain a substantially stable water temper-
ature within the tank.

5. The system of any preceding clause, wherein the
tank comprises an upper section and a lower section
and the second plumbing connection is coupled from
the heat exchanger to the lower section to form a
closed loop that allows the flow of water to return
from the heat exchanger to the tank and maintain a
substantially stable water temperature within the
tank.

6. The system of any preceding clause, wherein the
heat exchanger comprises a radiator or forced air
unit configured to transfer heat from the tank to the
another medium comprising air for heating a dwelling
place.

7. The system of any preceding clause, wherein the
heat exchanger comprises a turbine or thermoelec-
tric generator configured to generate electricity from
a temperature difference of the first flow of water that
is heated and the another medium causing an elec-
tric current.

8. The water heating control and storage system of
any preceding clause, wherein the water is stored in
the water heating mode at a temperature in the range
of a lower level or about 90 degrees F to an upper
level or about 150 degrees F, and when operating
in the heat exchange mode water is stored at a tem-
perature greater than about 150 degrees F.

9. The water heater control and storage system of
any preceding clause, wherein the operation control
device is configured to selectively operate the sys-
tem in the heat exchange mode and the water heat-
ing mode and comprises a control to process at least
one signal that indicates an energy usage state from
a plurality of energy usage states of an energy pro-
vider including at least a peak state and an off peak
state;
wherein the operation control devices operates the
heat exchange mode when the energy usage state
and associated cost is the peak state.

10. The water heating control and storage system of

any preceding clause, wherein the operation control
device comprises a manual override to override the
device, and the operation control device is connect-
ed to a signal line in communication with a home
energy manger device or an energy metering device
in communication with an energy provider.

11. A water heating control and storage system,
comprising:

a first insulated tank for holding water to be heat-
ed;

a second insulated tank for holding water to be
heated;

a first plumbing connection coupled to the first
and the second tank, and configured to enable
a first flow of water heated to a storage temper-
ature greater than approximately 150 degrees
F from the first tank towards the second tank;

a heat exchanger operatively selectively cou-
pled in a parallel in heat exchange relationship
with the water in connection to the first and the
second insulated tank for transferring heat from
a first flow of water that is heated to another me-
dium; and

an operation control device configured to re-
ceive and process a demand response signal
and operate the first tank in at least one of a
plurality of operating modes, including at least
a water heating mode and a heat exchange
mode.

12. The water heating control and storage system of
clause 11, further comprising:

a second plumbing connection coupled to the
first plumbing connection and the heat exchang-
er configured for a second flow of water heated
above normal storage temperature from the first
tank to the heat exchanger; and

a third plumbing connection coupled to the sec-
ond tank and the heat exchanger for enabling a
third flow of water from the heat exchange to the
second tank, wherein the third flow of water com-
prises cooler water than the first and the second
flow of water.

13. The water heating and storage system of clause
11 or clause 12, further comprising:

a thermostatic mixing valve coupled to the sec-
ond tank for receiving the first flow of water heat-
ed above normal storage temperature and con-
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figured to mix cooler water from the heat ex-
changer to provide a desired mix of water heated
above normal storage temperature and cooler
water temperature to enter the second tank.

14. The water heating control and storage system of
any of clauses 11 to 13, wherein the water is stored
at a temperature in the range of a lower level or about
90 degrees F to an upper level or about 150 degrees
F in the second tank in the water heating mode, and
the water heated above normal storage temperature
in the first tank is stored at a temperature greater
than about 150 degrees F in the heat exchange
mode.

15. The water heating control and storage system of
any of clauses 11 to 14, wherein the operation control
device is further configured to operate the heat ex-
changer and to receive and process at least one of
a plurality of signals respectively indicative of an as-
sociated energy cost of an associated utility.

16. The water heating control and storage system of
any of clauses 11 to 15, the operation control device
is fur configured to switch to heat exchange mode
of the first tank based on the at least one signal re-
ceived with the associated energy cost being lower
than at least one other associated energy cost in
order to cost effectively store heat in the water of the
tank and operate the heat exchanger of the system.

Claims

1. A water heating control and storage system, com-
prising:

an insulated tank for holding water to be heated
to a storage temperature greater than approxi-
mately 150 degrees F;
a heat exchanger operatively selectively cou-
pled in heat exchange relationship with the water
in the insulated tank by a first plumbing connec-
tion for transferring heat from a first flow of the
water heated in the tank to another medium; and
an operation control device configured to re-
ceive and process a demand response signal
and to operate the system in at least one of a
plurality of operating modes,
including at least a water heating mode and a
heat exchange mode.

2. The system of claim 1, further comprising a second
plumbing connection coupled to the heat exchanger
and the tank that is configured with a second flow of
water to return to the tank from the heat exchanger,
the second flow having a cooler water flow than the
first flow.

3. The system of claim 1 or claim 2, wherein the first
plumbing connection is configured to divert water
that is heated from the tank to the heat exchanger
where energy is transferred from heat stored in the
water of the tank to the another medium comprising
air, electricity, water or a different fluid.

4. The system of any preceding claim, wherein the tank
comprises an upper section and a lower section, and
the first plumbing connection is coupled to the upper
section of the tank to allow the flow of water to be
directed from the tank to the heat exchanger and to
maintain a substantially stable water temperature
within the tank.

5. The system of any preceding claim, wherein the tank
comprises an upper section and a lower section and
the second plumbing connection is coupled from the
heat exchanger to the lower section to form a closed
loop that allows the flow of water to return from the
heat exchanger to the tank and maintain a substan-
tially stable water temperature within the tank.

6. The system of any preceding claim, wherein the heat
exchanger comprises a radiator or forced air unit
configured to transfer heat from the tank to the an-
other medium comprising air for heating a dwelling
place.

7. The system of any preceding claim, wherein the heat
exchanger comprises a turbine or thermoelectric
generator configured to generate electricity from a
temperature difference of the first flow of water that
is heated and the another medium causing an elec-
tric current.

8. The water heating control and storage system of any
preceding claim, wherein the water is stored in the
water heating mode at a temperature in the range of
a lower level or about 90 degrees F to an upper level
or about 150 degrees F, and when operating in the
heat exchange mode water is stored at a tempera-
ture greater than about 150 degrees F.

9. The water heater control and storage system of any
preceding claim, wherein the operation control de-
vice is configured to selectively operate the system
in the heat exchange mode and the water heating
mode and comprises a control to process at least
one signal that indicates an energy usage state from
a plurality of energy usage states of an energy pro-
vider including at least a peak state and an off peak
state;
wherein the operation control devices operates the
heat exchange mode when the energy usage state
and associated cost is the peak state.

10. The water heating control and storage system of any
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preceding claim, wherein the operation control de-
vice comprises a manual override to override the de-
vice, and the operation control device is connected
to a signal line in communication with a home energy
manger device or an energy metering device in com-
munication with an energy provider.

11. A water heating control and storage system, com-
prising:

a first insulated tank for holding water to be heat-
ed;
a second insulated tank for holding water to be
heated;
a first plumbing connection coupled to the first
and the second tank, and configured to enable
a first flow of water heated to a storage temper-
ature greater than approximately 150 degrees
F from the first tank towards the second tank;
a heat exchanger operatively selectively cou-
pled in a parallel in heat exchange relationship
with the water in connection to the first and the
second insulated tank for transferring heat from
a first flow of water that is heated to another me-
dium; and
an operation control device configured to re-
ceive and process a demand response signal
and operate the first tank in at least one of a
plurality of operating modes,
including at least a water heating mode and a
heat exchange mode.

12. The water heating control and storage system of
claim 11, further comprising:

a second plumbing connection coupled to the
first plumbing connection and the heat exchang-
er configured for a second flow of water heated
above normal storage temperature from the first
tank to the heat exchanger; and
a third plumbing connection coupled to the sec-
ond tank and the heat exchanger for enabling a
third flow of water from the heat exchange to the
second tank, wherein the third flow of water com-
prises cooler water than the first and the second
flow of water.

13. The water heating and storage system of claim 11
or claim 12, further comprising:

a thermostatic mixing valve coupled to the sec-
ond tank for receiving the first flow of water heat-
ed above normal storage temperature and con-
figured to mix cooler water from the heat ex-
changer to provide a desired mix of water heated
above normal storage temperature and cooler
water temperature to enter the second tank.

14. The water heating control and storage system of any
of claims 11 to 13, wherein the water is stored at a
temperature in the range of a lower level or about 90
degrees F to an upper level or about 150 degrees F
in the second tank in the water heating mode, and
the water heated above normal storage temperature
in the first tank is stored at a temperature greater
than about 150 degrees F in the heat exchange
mode.

15. The water heating control and storage system of any
of claims 11 to 14, wherein the operation control de-
vice is further configured to operate the heat ex-
changer and to receive and process at least one of
a plurality of signals respectively indicative of an as-
sociated energy cost of an associated utility.
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