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(57) ABSTRACT 
A water heater system including two or more water storage 
tanks plumbed in series, parallel or a combination thereofand 
methods of controlling said water heater systems. The water 
heater systems may include one or more mixing valves and 
one or more temperature sensors for providing water at a 
desired temperature. 
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MULT-TANK WATER HEATER SYSTEMS 

TECHNICAL FIELD 

0001. The disclosure relates generally to water heaters, 
and more particularly, to water heater systems that have mul 
tiple tanks and methods of controlling water heater systems 
having multiple tanks. 

BACKGROUND 

0002 Water heaters are used in homes, businesses and in 
just about any establishment having the need for heated water. 
A conventional water heater typically has at least one heating 
element or “heater, such as a gas-fired burner and/or electric 
heating element. Each water heater also typically has at least 
one thermostat or controller for controlling the heater. The 
controller typically receives signals related to the temperature 
of the water within the water heater tank, often from a tem 
perature sensor that is thermally engaged with the water in the 
water heater tank. 
0003. In some instances, a water heater may operate in 
accordance with a first temperature set point and a second 
temperature set point. The difference between the first and 
second temperature set point may be referred to as the tem 
perature differential of the water heater. When temperature 
signals from the temperature sensor indicate that the water 
temperature is below the first set point, for example when the 
water temperature is below about 120° F., the controller may 
turn on the heater and the water within the water heater tank 
begins to heat. After some time, the water temperature within 
the water heater tank will increase to the second set point, 
which, for example may be about 140°F. At this point, the 
controller may cause the heater to reduce its heat output or, 
alternatively, causes the heater to turn off. This heat cycle 
begins again when the water temperature within the water 
heater tank cools down below the first set point. 
0004 For a gas fired water heater, a temperature sensor, a 
gas valve and a controller are often mounted relative to the 
water heater tank. The controller typically receives a tempera 
ture signal from the temperature sensor. The temperature 
sensor often protrudes into and is thermally coupled to the 
water in the water heater tank. The controller typically is 
programmed to control the gas valve Such that the tempera 
ture of the water in the water heater tank remains between the 
first and second temperature set points, as described above. 
For an electric water heater, a temperature sensor, a power 
delivery unit and a controller may be mounted to the water 
heater tank. In this case, the controller may control the power 
delivery unit such that the temperature of the water in the 
water heater tank is kept between the first and second tem 
perature set points. 
0005 Typically, a water heater is sized to service an 
expected peak hot water demand for a particular application. 
AS Such, for applications with higher peak hot water 
demands, the size of the water heater may need to become 
fairly large. Larger waterheaters, however, can be less energy 
efficient than Smaller water heaters. What would be desirable, 
therefore, is a water heater system that can satisfy fairly large 
hot water demands, but in a more energy efficient manner. 

SUMMARY 

0006. The disclosure relates generally to water heaters, 
and more particularly, to water heater systems that have mul 
tiple tanks and methods of controlling water heater systems 
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having multiple tanks. An illustrative but non-limiting 
example of the disclosure may be found in a water heater 
system that includes a first water storage tank having a first 
water inlet and a first water outlet and a second water storage 
tank having a second water inlet and a second water outlet. A 
water line may fluidly connect the first water outlet to the 
second water inlet for transporting water from the first water 
storage tank to the second water storage tank. The system may 
further include a mixing valve having a first inlet fluidly 
coupled to the second water outlet downstream of the second 
water storage tank and a cold water Supply line in fluid com 
munication with a second inlet of the mixing valve. A mixed 
water outlet may be fluidly coupled to an outlet of the mixing 
valve. The system may further include a controller in electri 
cal communication with the mixing valve. 
0007 Another illustrative but non-limiting example of the 
disclosure may be found in a water heater system that 
includes a first water storage tank having a first water inlet and 
a first water outlet and a second water storage tank having a 
second water inlet and a second water outlet. A cold water 
supply line may be influid communication with the first water 
inlet and the second water inlet. A hot water line may be in 
fluid communication with the first water outlet and the second 
water outlet, wherein from the first water storage tank is 
mixed with water from the second water storage tank in the 
hot water line. The system may further include a mixing valve 
having a first inlet fluidly coupled to the hot water supply line 
and a second cold water Supply line in fluid communication 
with a second inlet of the mixing valve. A mixed water outlet 
may be fluidly coupled to an outlet of the mixing valve. The 
system may further include a controller in electrical commu 
nication with the mixing valve. 
0008 Another illustrative but non-limiting example of the 
disclosure may be found in a water heater system that 
includes a first water storage tank having a first water inlet and 
a first water outlet and a second water storage tank having a 
second water inlet and a second water outlet. A cold water 
supply line may be influid communication with the first water 
inlet of the first water storage tank and the second water inlet 
of the second water storage tank. A first hot water Supply line 
may be in fluid communication with the first water outlet of 
the first storage tank. A first mixing valve may be provided. 
The first mixing valve may have a first inlet fluidly coupled to 
the first hot water supply line and a second inlet coupled to the 
cold water Supply line. The first mixing valve may be con 
trollable via a first communications interface. A first mixed 
water outlet may be fluidly coupled to an outlet of the first 
mixing valve. A second hot water Supply line may be in fluid 
communication with the second water outlet of the second 
storage tank. A second mixing valve may have a first inlet 
fluidly coupled to the second hot water supply line and a 
second inlet coupled to the first mixed water outlet of the first 
mixing valve. The second mixing valve being controllable via 
a second communications interface. A second mixed water 
outlet may be fluidly coupled to an outlet of the second 
mixing valve. The system may further include a controller for 
controlling the first mixing valve via the first communications 
interface and the second mixing valve via the second com 
munications interface. 

0009. Another illustrative but non-limiting example of the 
disclosure may be found in a water heater system that 
includes a first water storage tank having a first water inlet and 
a first water outlet, and a second water storage tank having a 
second water inlet and a second water outlet. A cold water 
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supply line may be influid communication with the first water 
inlet of the first water storage tank and the second water inlet 
of the second water storage tank. A first hot water Supply line 
may be in fluid communication with the first water outlet of 
the first storage tank. A first mixing valve may have a first inlet 
fluidly coupled to the first hot water supply line and a second 
inlet coupled to the cold water supply line. The first mixing 
valve may be controllable via a first communications inter 
face. A first mixed water outlet may be fluidly coupled to an 
outlet of the first mixing valve. A second hot water supply line 
may be in fluid communication with the second water outlet 
of the second storage tank. A second mixing valve may have 
a first inlet fluidly coupled to the second hot water supply line 
and a second inlet coupled to the cold water supply line. The 
second mixing valve may be controllable via a second com 
munications interface. A second mixed water outlet may be 
fluidly coupled to an outlet of the second mixing valve. A 
third mixing valve may have a first inlet fluidly coupled to the 
first mixed water output of the first mixing valve and a second 
inlet coupled to the second mixed water output of the second 
mixing valve. The third mixing valve may be controllable via 
a third communications interface. A third mixed water outlet 
may be fluidly coupled to an outlet of the third mixing valve. 
The system may further include a controller for controlling 
the first mixing valve via the first communications interface, 
the second mixing valve via the second communications 
interface and the third mixing valve via the third communi 
cations interface. 

0010. Another illustrative but non-limiting example of the 
disclosure may be found in a water heater system that 
includes a cold water inlet line, a hot water outlet line, a first 
water heater having a first water inlet and a first water outlet, 
and a second water heater having a second water inlet and a 
second water outlet. Configurable plumbing may be coupled 
to the cold water inlet line, the hot water outlet line, the first 
water inlet, the first water outlet, the second water inlet and 
the second water outlet. The configurable plumbing may 
including one or more controllable valves that, when in a first 
state, plumb the first water heater and the second water heater 
in a series configuration between the cold water inlet line and 
the hot water outlet line, and when in a second state, plumb 
the first water heater and the second water heater in a parallel 
configuration between the cold water inlet line and the hot 
water outlet line. The system may further include a controller 
for selectively switching the one or more controllable valves 
between the first state and the second state. 

0011. Another illustrative but non-limiting example of the 
disclosure may be found in a method for controlling a water 
heater system having two or more water storage tanks. The 
illustrative method may include: drawing water from the 
water heater system; monitoring a first change in temperature 
of water in a first water storage tank; monitoring a second 
change in temperature of water in a second water storage 
tank; determining if the first change in temperature is differ 
ent from the second change in temperature by at least a 
threshold amount; controlling a setpoint temperature of the 
first water storage tank and a setpoint temperature of the 
second water storage tank in accordance with a first control 
algorithm if the first change in temperature is different from 
the second change in temperature by at least the threshold 
amount; and controlling the setpoint temperature of the first 
water storage tank and the setpoint temperature of the second 
water storage tank in accordance with a second control algo 
rithm that is different from the first control algorithm if the 
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first change in temperature is not different from the second 
change in temperature by at least the threshold amount. 
0012 Another illustrative but non-limiting example of the 
disclosure may be found in a method for controlling a water 
heater system including two or more water heater tanks. The 
method may include the steps of establishing a relationship 
between hot water usage and a time of day, and adjusting the 
temperature setpoint of a first water heater tank based on the 
hot water usage for a given time period, and the temperature 
setpoint of a second water heater tank may be adjusted based 
on the hot water usage for the given time period. 

BRIEF DESCRIPTION OF THE FIGURES 

0013 The following description should be read with ref 
erence to the drawings. The drawings, which are not neces 
sarily to Scale, depict examples and are not intended to limit 
the scope of the disclosure. The disclosure may be more 
completely understood in consideration of the following 
description of various examples in connection with the 
accompanying drawings, in which: 
0014 FIG. 1 is a schematic view of an illustrative but 
non-limiting water heater system; 
0015 FIG. 2A is a schematic view of another illustrative 
but non-limiting water heater system; 
0016 FIG. 2B is a schematic view of alternative to the 
illustrative but non-limiting water heater system of FIG. 2A; 
0017 FIG.3 is a schematic view of another illustrative but 
non-limiting water heater system; 
0018 FIG. 4 is a schematic view of another illustrative but 
non-limiting water heater system; 
0019 FIG. 5 is a schematic view of another illustrative but 
non-limiting water heater system; 
0020 FIG. 6 is a schematic view of another illustrative but 
non-limiting water heater system; 
0021 FIG. 7A is a schematic view of an illustrative but 
non-limiting water heater system; 
0022 FIG. 7B is a schematic view of alternative to the 
illustrative but non-limiting water heater system of FIG. 7A: 
0023 FIG. 8 is a schematic of an illustrative controller; 
and 
0024 FIG. 9 is a method of determining how multiple 
water tanks are plumbed. 
0025. While the disclosure is amenable to various modi 
fications and alternative forms, specifics thereof have been 
shown by way of example in the drawings and will be 
described in detail. It should be understood, however, that the 
intention is not to limit the disclosure to the particular 
examples described. On the contrary, the intention is to cover 
all modifications, equivalents, and alternatives falling within 
the spirit and scope of the disclosure. 

DESCRIPTION 

0026. The following description should be read with ref 
erence to the drawings, in which like elements in different 
drawings are numbered in like fashion. The drawings, which 
are not necessarily to scale, depict examples that and are not 
intended to limit the scope of the disclosure. Although 
examples of construction, dimensions, and materials are 
illustrated for the various elements, those skilled in theart will 
recognize that many of the examples provided have Suitable 
alternatives that may be utilized. 
0027 FIG. 1 is a schematic view of an illustrative but 
non-limiting water heater system 10. Water heater system 10 
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includes a water tank 12. The water tank 12 may include an 
insulating layer (not explicitly shown) positioned about the 
water tank 12 to help reduce thermal losses from the water 
tank 12. Coldwater enters water tank 12 through a cold water 
line 14 and is heated by a gas burner 24. In some cases, the 
water heater 10 may include an electric heating element rather 
than a gas burner 24. A power delivery unit (not shown) may 
be used to selectively apply power (i.e. current) to the electric 
heating element. For gas-fired water heaters, a control unit 18 
may control a gas control unit, such as a gas valve, to regulate 
gas flow from a gas source 20 through a combustion gas line 
22 and into gas burner 24. A flue 26 permits combustion 
byproducts to safely exit. In some instances, control unit 18 
may also control additional components of the water heater 
system. Whether oil, gas or electric powered, the resulting 
heated water exits through a hot water line 16. 
0028. As can be seen, water heater 10 may include a tem 
perature sensor 28 for monitoring the temperature of the 
water within the water tank 12. In some cases, temperature 
sensor 28 may enter water tank 12 at a location laterally offset 
from control unit 18. In some instances, however, temperature 
sensor 28 may be located behind control unit 18, and in some 
cases, may be supported and retained by a common mounting 
bracket. In any event, water tank 12 may include an aperture 
that is sized and configured to accept temperature sensor 28. 
The aperture may include threads that are configured to 
accommodate corresponding matching threads on tempera 
ture sensor 28. In some cases, temperature sensor 28 has a 
compression or frictional fit within the aperture. In other 
instances, water tank 12 may include a threaded spud (not 
explicitly shown) that is configured to receive temperature 
sensor 28. 

0029. In some instances, the water tank 12 may be smaller 
than a typical water heater tank (for example, in some 
instances, less than 60 gallons) for a given application, while 
still providing the heater water capacity of a larger tank. In 
Some instances, the setpoint temperature of the water heater 
10 may be set to a higher temperature than the temperature 
desired at the water outlet 40. The water heater 10 may 
include an electronically controlled mixing valve 32 for 
injecting a regulated amount of cold water into the hot water 
line 16 to achieve the desired temperature at the water outlet 
40. The temperature of the hot water exiting the water tank12 
may be hotter than the desired outlet water 40 temperature, 
and thus the cold water may be used to temper, or cool, the hot 
water leaving the tank to achieve the desired outlet water 
temperature. In some instances, the cold water line 14 may 
include a branch line 38 that may be directly connected to the 
mixing Valve 32 for injecting cold water into the mixing valve 
32, while some cold water passes through cold water inlet 15 
and into the water tank 12. In other instances, it is contem 
plated that a separate cold water line may be connected to the 
mixing valve 32. In order to achieve mass flow balance, the 
flow rate of cold water in cold water line 14 may equal the 
flow rate of water exiting water outlet 40. The flow rate of cold 
water entering the water tank 12 from the cold water inlet 15 
may be approximately equal to the flow rate of hot water 
exiting the water tank 12 at the hot water line 16. 
0030. In some instances, water heater system 10 may be 
provided with a burner 24 that is oversized for the water tank 
12 relative to a conventional water heater. This may allow the 
water heater system 10 to more quickly heat and maintain the 
water within the water tank 12 to a higher temperature than is 
desired at the water outlet 40, although this is not required. 
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For example, ifa water temperature of 110°F. is desired at the 
water outlet 40, the water within the water tank 12 may be 
maintained at a temperature of 135°F., although this is merely 
exemplary. It is contemplated that the water temperature exit 
ing the water outlet 40 and the water temperature in the water 
tank 12 may be selected to be any value desired based on the 
desired application. The operating setpoint of the water tem 
perature within the water tank 12 may be selected based on a 
number of variables, such as, but not limited to, the tempera 
ture of the cold water entering the water tank 12 and the 
mixing valve 32, the desired water temperature at the water 
outlet 40, the volume of the water tank 12, and/or the percent 
of usable hot water in the water tank 12, etc. It is further 
contemplated that the proportion of cold water entering mix 
ing valve 32 from the branch line 38 to the hot water entering 
the mixing valve 32 from the hot water line 16 may be depen 
dent upon a number of variables, such as, but not limited to, 
the temperature of the cold water entering the mixing valve 
32, the temperature of the hot water entering the mixing valve 
32, and/or the desired water temperature at the water outlet 
40, etc. 

0031. The mixed water outlet 40 may include an outlet 
water temperature sensor 34 for measuring the temperature of 
the water exiting the water heater system 10. In some embodi 
ments, a temperature sensor 44 may be provided in the hot 
water line 16 and a temperature sensor 30 may be provided in 
the cold water line 14 to help improve control of the water 
temperature exiting the water heater system 10 at the outlet 
line 40. It is contemplated that the mixing valve 32 and the 
outlet water temperature sensor 34 may be connected to the 
control unit 18 via a communication bus 42, or other alterna 
tive connection. For example, it is contemplated that the 
mixing valve 32 and temperature sensor 34 may beinwired or 
wireless communication with the control unit 18. Similarly, 
temperature sensors 28.30, 44 may also be in communication 
with the control unit 18 via a communication bus 42 or other 
alternative connection, if present. It is contemplated that the 
temperature sensors 28, 30, 44 may be in wired or wireless 
communication with the control unit 18. The water heater 10 
may include an optional Man-Machine Interface (MMI) or 
user interface 36. The user interface 36 may allow a user to 
view and/or modify temperature setpoints and other control 
features, as desired. 
0032 Referring briefly to FIG. 8, it will be appreciated 
that control unit 18 may include a controller. FIG. 8 is a block 
diagram of one such controller 700. The controller 700 may 
be considered as beingaportion of control unit 18, or separate 
from control unit 18. Controller 700 may have several blocks. 
In some cases, controller 700 may have an INPUT/OUTPUT 
block 710 that accepts signals from the temperature sensors, 
such as temperature sensors 28, 30, 34, 44 (FIG. 1). If water 
heater system 10 is in communication with an external ther 
mostat or other controller, INPUT/OUTPUT block 710 may 
accommodate externally-derived control signals, and/or pro 
vide status and/or other information, as desired. In some 
cases, INPUT/OUTPUT block 710 may provide appropriate 
output command signals to an electrically controlled gas 
valve (not illustrated) within control unit 18, or other electri 
cally controlled valve. For example, the INPUT/OUTPUT 
block 710 may provide communication signals to the elec 
tronically controlled mixing valve 32 to change the ratio of 
hot water to cold water as needed to achieve the desired water 
temperature exiting the water outlet 40. 
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0033. In some instances, controller 700 may include a 
microprocessor 720 that may be configured to accept appro 
priate signals from INPUT/OUTPUT block 710, and to deter 
mine appropriate output signals that can be output via 
INPUT/OUTPUT block 710, such as to other components 
within control unit 18 (FIG. 1) and/or to an external thermo 
stat or other controller. Microprocessor 720 may be pro 
grammed to accept a temperature signal from one or more 
temperature sensors, such as temperature sensors 28, 30, 34. 
44 (FIG. 1), and to calculate or otherwise determine a com 
mand temperature to alter the temperature value received 
from the temperature sensors 28, 30, 34, 44 in order to 
account or compensate for temperature differentials and/or 
thermal lag caused by the partial thermal isolation (if present) 
of the temperature sensors 28, 30, 34, 44 from the water in the 
water tank 12 and/or pipes 15, 16, 40. The microprocessor 
720 may be also be programmed to determine a command 
temperature based on the current or expected hot water 
demand on the water heater system 10. While not explicitly 
illustrated, microprocessor 720 may also include memory 
and/or other components. 
0034. It is contemplated that the control unit 18 may 
include a control algorithm for operating the mixing valve 32 
based on the desired water temperature at the water outlet 40. 
For example, the control unit 18 may include a controller 
configured to provide signals to the mixing valve 32 via 
communication line 42 to change the ratio of hot water to cold 
water based on feedback received from the user interface 36, 
the outlet water temperature sensor 34, the cold water tem 
perature sensor 30 and/or the hot water temperature sensor 
44. While the mixing valve 32 has been described as an 
electronically controllable mixing valve, it is contemplated 
that the mixing valve 32 may be a non-electronically con 
trolled mixing valve (e.g. thermally controlled mixing valve). 
0035. The hot water capacity of the water tank 12 may 
depend on the temperature setpoint of the water within the 
water tank 12, the temperature of the cold water entering the 
water tank 12 through the cold water inlet 15, and the desired 
temperature of the water exiting the water outlet 40. For 
example, given two water heater systems 10 having the same 
temperature setpoint within the water tank 12, and the same 
temperature of the cold water entering the water tank 12, the 
system having the lower water temperature exiting the water 
outlet 40 will have a larger capacity. Likewise, given two 
water heater systems 10 having different temperature set 
points within the water tank 12, and the same temperature of 
the coldwater entering the water tank 12 and the same desired 
water temperature exiting the water outlet 40, the water heater 
system with the higher temperature setpoint will have the 
larger capacity. 
0036. In some cases, a water heater system 10 having a 
water tank 12 may also be plumbed in series with an instan 
taneous water heater (not explicitly shown). In some 
instances, the water tank 12 may be configured to maintain 
the temperature of the water at a desired temperature. It is 
contemplated that the temperature of the water in the water 
tank 12 may be greater than, less than, or equal to the desired 
final water temperature. When an instantaneous water heater 
is used in series with a water tank12, the water may flow from 
the water outlet 40 and into the instantaneous water heater. 
The instantaneous water heater may then further heat the 
water, if necessary, to the desired water temperature before 
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delivering the water to the desired location. This may further 
increase the effective hot water capacity of the water heater 
system 10. 
0037. It is contemplated that a variety of water tank con 
figurations may be provided to allow a water heater system to 
provide the hot water capacity of a larger tank while being 
more energy efficient. FIG. 2A is a schematic view of another 
illustrative but non-limiting water heater system 100. The 
illustrative water heater system 100 of FIG. 2A may include a 
first water tank 112 and a second water tank 130 plumbed in 
series with one another. While the system 100 is illustrated as 
having two tanks 112, 130, it is contemplated that the system 
100 may include any number of tanks desired, such as, but not 
limited to three, four, or more. In some instances, the first 
water tank 112 may have a larger tank Volume than the second 
water tank 130. However, this is not required. It is contem 
plated that the first water tank 112 and the second water tank 
130 may have the same volume or the second water tank 130 
may have a larger tank Volume than the first water tank 112. 
The first water tank 112 and second water tank 130 may be 
standard (e.g. non-condensing) atmospheric water tanks or 
any form of storage water tanks as desired. In some instances, 
the first water tank 112 and the second water tank 130 may be 
physically separate structures as shown in FIG. 2A. In other 
instances, the first water tank 112 and the second water tank 
130 may be fluidly isolated volumes that are part of the same 
assembly. In some embodiments, the first water tank 112 
and/or second water tank 130 may be replaced with a tankless 
(or instantaneous) water heater. 
0038. The first water tank 112 may include an insulating 
layer (not explicitly shown) positioned about the water tank 
112 to help reduce thermal losses from the water tank 112. 
Cold water enters water tank 112 through a cold water line 
114 and is heated by a gas burner 124. In some cases, the 
water tank 112 may include an electric heating element rather 
than a gas burner 124. When so provided, a power delivery 
unit (not shown) may be used to selectively apply power (i.e. 
current) to the electric heating element. For gas-fired water 
heaters, a control unit 118 may control a gas control unit, Such 
as a gas valve, to regulate gas flow from a gas source 120 
through a combustion gas line 122 and into gas burner 124. In 
Some instances, control unit 118 may also control additional 
components of the water heater system. A flue 126 permits 
combustion byproducts to safely exit. The resulting heated 
water exits through a water outlet line 116. 
0039 Similarly, the second water tank 130 may includean 
insulating layer (not explicitly shown) positioned about the 
water tank 130 to help reduce thermal losses from the water 
tank 130. Warm and/or hot water may enter the second water 
tank 130 from the first water tank 112 through the water outlet 
line 116 and is heated by a gas burner 140. In some cases, the 
water tank 130 may include an electric heating element rather 
than a gas burner 140. When so provided, a power delivery 
unit (not shown) may be used to selectively apply power (i.e. 
current) to the electric heating element. For gas-fired water 
heaters, a control unit 134 may control a gas control unit, Such 
as a gas valve, to regulate gas flow from a gas source 136 
through a combustion gas line 138 and into gas burner 140. In 
Some instances, control unit 134 may also control additional 
components of the water heater system. A flue 142 permits 
combustion byproducts to safely exit. In either case, the 
resulting heated water exits through a hot water line 132. 
0040. In some cases, the first water tank 112 may include 
a temperature sensor 128. In some cases, temperature sensor 
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128 may enter water tank 112 at a location laterally offset 
from control unit 118. In some instances, however, tempera 
ture sensor 128 may instead be located behind control unit 
118 and in Some cases, may be supported and retained by a 
common mounting bracket. In any event, water tank 112 may 
include an aperture that is sized and configured to accept 
temperature sensor 128. The aperture may include threads 
that are configured to accommodate corresponding matching 
threads on temperature sensor 128. In some cases, tempera 
ture sensor 128 has a compression or frictional fit within the 
aperture. In other instances, water tank 112 may include a 
threaded spud (not explicitly shown) that is configured to 
receive temperature sensor 128. 
0041. Similarly, the second water tank 130 may include a 
temperature sensor 144. In some cases, temperature sensor 
144 may enter water tank 130 at a location laterally offset 
from control unit 134. In some instances, however, tempera 
ture sensor 144 may instead be located behind control unit 
134 and in Some cases, may be supported and retained by a 
common mounting bracket. In any event, water tank 130 may 
include an aperture that is sized and configured to accept 
temperature sensor 144. The aperture may include threads 
that are configured to accommodate corresponding matching 
threads on temperature sensor 144. In some cases, tempera 
ture sensor 144 has a compression or frictional fit within the 
aperture. In other instances, water tank 130 may include a 
threaded spud (not explicitly shown) that is configured to 
receive temperature sensor 144. 
0042. The first water tank 112 may be hooked up to a cold 
water line 114 for receiving cold water at a first temperature 
from a water source. The gas burner 124 may heat the cold 
water entering the first water tank 112 to a first predetermined 
temperature setpoint. It is contemplated that the temperature 
setpoint of the first water tank 112 may be greater than the 
temperature of the coldwater entering the first water tank 112 
but less than the desired output temperature of the water 
heater system 100. In some instances, the temperature set 
point of the first tank 112 may be equal to or greater than the 
desired output temperature of the water heater system 100. It 
is further contemplated that during periods of low hot water 
usage, the water in the first tank 112 may be allowed to warm 
to room temperature without the use of the burner 124. The 
heated water may exit the first water tank 112 through the 
water outlet line 116 and flow into the second water tank 130. 
The gas burner 140 may heat the water entering the second 
water tank 130 to a second predetermined temperature set 
point. It is contemplated that the second predetermined tem 
perature setpoint may be greater than the first predetermined 
temperature setpoint of the first water tank 112. In some 
instances, the second predetermined temperature setpoint 
may be the desired hot water setpoint for the water heater 
system 100. It is contemplated that by maintaining the water 
temperature of the first water tank 112 at a lower temperature 
than the hot water setpoint for the water heater system 100, 
water heater system 100 may reduce standby losses and the 
overall water heater system 100 efficiency factor (EF) rating 
may be improved. 
0043. In some instances, the gas burner 124 on the first 
water tank 112 may be a standard size for the size of the water 
tank 112 and the gas burner 140 on the second water tank 130 
may be oversized (not explicitly shown) for the size of the 
water tank 130. This may allow the gas burner 140 in the 
second water tank 130 to more quickly elevate the water 
temperature of the incoming water from the water outlet line 

Jul. 24, 2014 

116 of the first tank 112 to the setpoint water temperature of 
the water heater system 100, without sacrificing the overall 
hot water capacity of the system. However, this is not 
required. It is contemplated that the reverse configuration 
may be used or both the first water tank 112 and the second 
water tank 130 may have standard size burners 124, 140 or 
oversized burners for the size of water tanks 112, 130, as 
desired. 

0044. In some instances, the gas burner 124 on the first 
water tank 112 may be controlled by the control unit 118 and 
the gas burner 140 on the second water tank 130 may be 
controlled by the control unit 134. The temperature sensors 
128, 144 may be in communication with control units 118, 
134 via a communication bus 146 or other alternative con 
nection, wired or wireless. The control unit 118 and the con 
trol unit 134 may be in either wired or wireless communica 
tion with one another to facilitate coordinated control of the 
entire water heater system 100. In such an arrangement, for 
example, one control may act as a master and the other as a 
slave. This communication may allow for sharing of water 
temperature, Safety status, water temperature stacking, etc. If 
a master/slave protocol is used, the master may be allowed to 
increase or decrease the temperature setpoint(s) of itself and 
the slave controls. In some instances, the master control may 
also be allowed to lockout any of the controls, depending on 
the safety status that was communicated to the master from 
the slave(s). It is also contemplated that a single overall con 
trol module (not explicitly shown) may be used for both tanks 
112,130, especially if both tanks 112,130 are part of the same 
assembly (not explicitly shown). It is further contemplated 
that, while not explicitly shown, the water heater system 100 
may include a user interface to allow a user to view and/or 
change the water heater system 100 parameters, such as, but 
not limited to, temperature setpoints of the first water tank 
112 and the second water tank 130, schedule of expected high 
hot water demand periods, etc. 
0045 Referring briefly to FIG. 8, it will be appreciated 
that control units 118, 134 may include controllers. FIG. 8 is 
a block diagram of such a controller 700. The controller 700 
may be considered as being a portion of control units 118, 
134, or separate from control units 118, 134. It is contem 
plated that the water heater system 100 may be controlled by 
an algorithm in Such away as to increase the efficiency while 
maintaining or increasing hot water capacity. For example, 
when the controller 700 senses or detects a water draw in the 
second water tank 130, the controller may activate both the 
gas burner 124 and the gas burner 140, sometimes simulta 
neously, to help increase the hot water capacity of the water 
heater system 100, even though the temperature sensor 128 in 
the first water tank 112 may not sense the water draw via its 
temperature sensor for several minutes due to its larger size. 
This rapid turn-on algorithm may help reduce the drop in 
water temperature in the first water tank 112 that would 
otherwise occur with a control that is not configured to rapid 
fire the first water tank 112. Optionally, the control algorithm 
may increase the setpoint temperature of the first water tank 
112, at least temporarily after the second water tank 130 
senses a draw on the water Supply to provide more capacity. 
0046. In some instances, the first water tank 112 may 
include a flue gas condensing heat exchanger, as illustrated in 
FIG. 2B. That is, the flue gas exiting the second water tank 
130 may be directed through the flue 142 and into a flue gas 
condensing heat exchanger (not explicitly shown) in the first 
water tank 112. It is contemplated that the heat from the flue 
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gas influe 142 may be used in addition to, or in place of the 
gas burner 124 of the first water tank 112. If the flue gas heat 
exchanger is used in place of the gas burner 124, it is contem 
plated that the gas burner 124, combustion gas line 122, gas 
source 120, and flue 126 in the first water tank 112 may not be 
provided. 
0047 FIG. 3 illustrates another exemplary water heater 
system 200. The water heater system 200 may include a first 
water tank 212 and a second water tank 230 plumbed in series 
with one anotheras shown. While the water heater system 200 
is illustrated as having two tanks 212, 230, it is contemplated 
that the water heater system 200 may include any number of 
tanks desired, such as, but not limited to three, four, or more. 
In some embodiments, the first and second water tanks 212, 
230 may be two smaller tanks (for example, the tanks 212, 
230 may each be less than 60 gallons, less than 50 gallons, 
less than 40 gallons, less than 30 gallons, etc.). It is contem 
plated that the first water tank 212 and the second water tank 
230 may have the same volume. However, this is not required. 
It is contemplated that in Some instances the first water tank 
212 may have a larger tank Volume than the second water tank 
230, or the second water tank 230 may have a larger tank 
Volume than the first water tank 212. The first water tank 212 
and second water tank 230 may be standard (e.g. non-con 
densing) atmospheric water tanks or any form of Storage 
water tanks desired. In some instances, the first water tank 
212 and the second water tank 230 may be physically separate 
structures as shown in FIG. 3. In other instances, the first 
water tank 212 and the second water tank 230 may be fluidly 
isolated Volumes that are part of the same assembly. In some 
embodiments, the first water tank 212 and/or second water 
tank 230 may be replaced with a tankless (or instantaneous) 
water heater. 

0048. The first water tank 212 may include an insulating 
layer (not explicitly shown) positioned about the water tank 
212 to help reduce thermal losses from the water tank 212. 
Cold water enters water tank 212 through a cold water line 
214 and is heated by a gas burner 224. In some cases, the 
water tank 212 may include an electric heating element rather 
than a gas burner 224. When so provided, a power delivery 
unit (not shown) may be used to selectively apply power (i.e. 
current) to the electric heating element. For gas-fired water 
heaters, a control unit 218 may control a gas control unit, Such 
as a gas valve, to regulate gas flow from a gas source 220 
through a combustion gas line 222 and into gas burner 224. In 
Some instances, control unit 218 may also control additional 
components of the water heater system. A flue 226 permits 
combustion byproducts to safely exit. Regardless of the 
power source of the first water tank 212 (gas, oil, electric, 
etc.), the resulting heated water exits through a water outlet 
line 216. 

0049 Similarly, the second water tank 230 may includean 
insulating layer (not explicitly shown) positioned about the 
water tank 230 to help reduce thermal losses from the water 
tank 230. Warm and/or hot water may enter the second water 
tank 230 from the first water tank 212 through the water outlet 
line 216 and is heated by a gas burner 240. In some cases, the 
water tank 230 may include an electric heating element rather 
than a gas burner 240. When so provided, a power delivery 
unit (not shown) may be used to selectively apply power (i.e. 
current) to the electric heating element. For gas-fired water 
heaters, a control unit 234 may control a gas control unit, Such 
as a gas valve, to regulate gas flow from a gas source 236 
through a combustion gas line 238 and into gas burner 244. In 
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Some instances, control unit 234 may also control additional 
components of the water heater system. A flue 242 permits 
combustion byproducts to safely exit. Regardless of the 
power source of the first water tank 230 (gas, oil, electric, 
etc.), the resulting heated water exits through a hot water line 
232. 

0050. The first water tank 212 may include a temperature 
sensor 228. In some cases, temperature sensor 228 may enter 
water tank 212 at a location laterally offset from control unit 
218. In some instances, however, temperature sensor 228 may 
instead be located behind control unit 218 and in some cases, 
may be Supported and retained by a common mounting 
bracket. In any event, water tank 212 may include an aperture 
that is sized and configured to accept temperature sensor 228. 
The aperture may include threads that are configured to 
accommodate corresponding matching threads on tempera 
ture sensor 228. In some cases, temperature sensor 228 has a 
compression or frictional fit within the aperture. In other 
instances, water tank 212 may include a threaded spud (not 
explicitly shown) that is configured to receive temperature 
sensor 228. 

0051 Similarly, the second water tank 230 may include a 
temperature sensor 244. In some cases, temperature sensor 
244 may enter water tank 230 at a location laterally offset 
from control unit 234. In some instances, however, tempera 
ture sensor 244 may instead be located behind control unit 
234 and in Some cases, may be Supported and retained by a 
common mounting bracket. In any event, water tank 230 may 
include an aperture that is sized and configured to accept 
temperature sensor 244. The aperture may include threads 
that are configured to accommodate corresponding matching 
threads on temperature sensor 244. In some cases, tempera 
ture sensor 244 has a compression or frictional fit within the 
aperture. In other instances, water tank 230 may include a 
threaded spud (not explicitly shown) that is configured to 
receive temperature sensor 244. 
0.052 The first water tank 212 may be hooked up to a cold 
waterline 214 for receiving coldwater from a water source. In 
Some instances, the cold water line 214 may include a branch 
line 246 directly connected to an electronically controlled 
mixing valve 254 for injecting some cold water into the mix 
ing valve 254, as will be discussed in more detail below, while 
some cold water passes through cold water inlet 248 and into 
the first water tank 212. The gas burner 224 may heat the cold 
water entering the first water tank 212 to a first predetermined 
temperature setpoint. It is contemplated that the temperature 
setpoint of first water tank 212 may be greater than the tem 
perature of the cold water entering the first water tank 212 but 
less than the desired output temperature of the water heater 
system 200 at the mixed water outlet line 258. In some 
instances, the temperature setpoint of the first tank 212 may 
be equal to or greater than the desired output temperature of 
the water heater system 200. It is contemplated that during 
periods of low water usage, the water within the first water 
tank 212 may be allowed to warm to room temperature with 
out the use of the burner 224 to help conserve energy. 
0053. The heated water may exit the first water tank 212 
through the water outlet line 216 and flow into the water inlet 
of the second water tank 230. The gas burner 240 of the 
second water tank 230 may heat the water entering the second 
water tank 230 to a second predetermined temperature set 
point. It is contemplated that the second predetermined tem 
perature setpoint may be greater than the first predetermined 
temperature setpoint of the first water tank 212, although this 
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is not required. In some instances, the second predetermined 
temperature setpoint may be the desired hot water setpoint for 
the water heater system 200. In other instances, the second 
predetermined temperature setpoint may be higher than the 
desired water temperature exiting the water heater system 200 
at the water outlet line 258. It is contemplated that by main 
taining the water temperature of the first water tank 212 at a 
lower temperature, the water heater system 200 may reduce 
standby losses and the overall water heater system 200 effi 
ciency rating may be improved. 
0054 Heated water may exit the second water tank 230 
through hot water line 232. The water heater system 200 may 
include an electronically controlled mixing valve 254 for 
injecting a regulated amount of cold water into the hot water 
line 232 to achieve a desired temperature at the water outlet 
258. As noted above, the temperature of the hot water exiting 
the second water tank 230 may be hotter than the desired 
outlet 258 water temperature and thus the cold water may be 
used to temper, or cool, the hot water leaving the tank to 
achieve the desired outlet temperature. While the system as 
shown as having a branch cold water line 246, a separate cold 
water line may be connected directly to the mixing valve 254. 
0055. It is contemplated that the temperature of the water 
exiting the water outlet 258 and the temperature setpoint of 
the first and second water tanks 212, 230 may be selected to be 
any value desired based on the particular application. The 
operating setpoint of the water tanks 212, 230 may be selected 
based on a number of variables, such as, but not limited to, the 
temperature of the cold water entering the first water tank 212, 
the desired water temperature at the water outlet 258, the 
volume of the water tanks 212, 230 and/or the percent of 
usable hot water in the water tanks 212, 230, etc. It is further 
contemplated that the proportion of cold water entering mix 
ing valve 254 from the branch line 246 to the hot water 
entering the mixing valve 254 from the hot waterline 232 may 
be dependent upon a number of variables, such as, but not 
limited to, the temperature of the cold water entering the 
mixing valve 254, the temperature of the hot water entering 
the mixing valve 254, and/or the desired water temperature at 
the water outlet 258, etc. In some cases, the operating set 
points and/or the proportion of cold water entering mixing 
valve 254 may be dynamic, and may vary with time, the 
temperature of the coldwater entering the first water tank 212, 
the desired water temperature at the water outlet 258, the 
volume of the water tanks 212, 230, the percent of usable hot 
water in the water tanks 212, 230, and/or any other variable, 
as desired. 

0056. In some instances, the gas burner 224 on the first 
water tank 212 may be of a standard size for the size of the 
water tank 212 (e.g. standard BTU/gallon), and the gas burner 
240 on the second water tank 230 may be oversized for the 
size of the water tank 230 (larger BTU/gallon). That is, and in 
Some cases, the gas burner 224 may have a first heat output 
and the gas burner 240 may have a second heat output, 
wherein the ratio of the second heat output to the water 
volume of the second water tank 230 may be greater than the 
ratio of the first heat output to the water volume of the first 
water tank 212. This may help the gas burner 240 in the 
second water tank 230 to more quickly elevate the water 
temperature of the incoming water from the water outlet line 
216 to the setpoint water temperature without sacrificing the 
overall hot water capacity of the system. However, this is not 
required. It is contemplated that the reverse configuration 
may be used or both the first water tank 212 and the second 
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water tank 230 may have standard size or oversized burners 
224, 240 for the size of the water tanks 212, 230. 
0057 The mixed water outlet 258 may include an outlet 
water temperature sensor 256 for measuring the temperature 
of the water exiting the water heater system 200. In some 
embodiments, a temperature sensor 252 may be provided in 
the hot water line 232 and a temperature sensor 250 may be 
provided in the cold water line 214 to help improve control of 
the water temperature exiting the water heater system 200 at 
the outlet line 258. It is contemplated that the mixing valve 
254 and the outlet water temperature sensor 256 may be 
connected to the control units 218, 234 via a communication 
bus 262, or other alternative connection. For example, it is 
contemplated that the mixing valve 254 and temperature sen 
sor 256 may be in wired or wireless communication with the 
control units 218, 234. Similarly, temperature sensors 228, 
244, 250, 252 may be in communication with the control units 
218, 234 via a communication bus 262 or other alternative 
connection. It is contemplated that the temperature sensors 
228, 244, 250, 252 may be in wired or wireless communica 
tion with the control units 218, 234. The water heater system 
200 may include an optional Man-Machine Interface (MMI) 
or user interface 260. The user interface 260 may allow a user 
to view and/or modify temperature setpoints and other control 
features. 

0058. In some instances, the gas burner 224 on the first 
water tank 212 may be controlled by control unit 218 and the 
gas burner 240 on the second water tank 230 may be con 
trolled by control unit 234. The control unit 218 and the 
control unit 234 may be in either wired or wireless commu 
nication with one another to facilitate control of the entire 
water heater system 200. In Such an arrangement, one control 
may act as master and the other as slave. This communication 
may allow for sharing of water temperature, safety status, 
water temperature stacking, etc. If a master/slave protocol is 
used, the master may be allowed to increase or decrease the 
temperature setpoint(s) of itself and the slave controls. In 
Some instances, the master control may also be allowed to 
lockout any of the controls (master and/or slave controls), 
depending on the safety status that was communicated to the 
master. It is also contemplated that a single overall control 
module (not explicitly shown) may be used for both tanks 
212, 230, especially if both tanks 212, 230 are part of the same 
assembly (not explicitly shown). 
0059 Referring briefly to FIG. 8, it will be appreciated 
that control units 218, 234 may include controllers. FIG. 8 is 
a block diagram of such a controller 700. The controller 700 
may be considered as being a portion of control units 218, 
234, or separate from control units 218, 234. Controller 700 
may have several blocks. In some cases, controller 700 may 
have an INPUT/OUTPUT block 710 that accepts signals 
from the temperature sensors 228, 244, 250, 252, 256 (FIG. 
3). If water heater system 200 is in communication with an 
external thermostat or other controller, INPUT/OUTPUT 
block 710 may accommodate externally-derived control sig 
nals, and/or provide status and/or other information, as 
desired. In some cases, INPUT/OUTPUT block 710 may also 
provide appropriate output command signals to an electri 
cally controlled gas valve (not illustrated) within control units 
218, 234, or other electrically controlled valve, such as mix 
ing valve 254. 
0060. In some instances, controller may include a micro 
processor 720 that may be configured to accept appropriate 
signals from INPUT/OUTPUT block 710, and to determine 
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appropriate output signals that can be outputted via INPUT/ 
OUTPUT block 710, such as to other components within 
control units 218, 234 (FIG. 3) and/or to an external thermo 
stat or other controller. Microprocessor 720 may be pro 
grammed to accept a temperature signal from temperature 
sensors 228, 244, 250, 252, 256 (FIG. 3), and to calculate or 
otherwise determine a command temperature that alters the 
temperature value received from the temperature sensors 228, 
244, 250, 252, 256 in order to account or compensate for 
temperature differentials and/or thermal lag caused by the 
partial thermal isolation (if present) of the temperature sen 
sors 228, 244, 250,252,256 from the water in the water tanks 
212, 230 or water lines 214, 232, 258. The microprocessor 
720 may be also be programmed to determine a command 
temperature based on the current or expected hot water 
demand on the water heater system 200. While not explicitly 
illustrated, microprocessor 720 may also include memory 
and/or other components. 
0061. It is contemplated that one or both of the control 
units 218, 234 may include a control algorithm for operating 
the mixing valve 254 based on the desired water temperature 
at the water outlet 258. For example, the control units 218, 
234 may include a controller configured to provide signals to 
the mixing valve 254 via communication line 262 to change 
the ratio of hot water to coldwater based on feedback received 
from the user interface 260, the outlet water temperature 
sensor 256, the coldwater temperature sensor 250, and/or the 
hot water temperature sensor 252. While the mixing valve 
254 has been described as an electronically controllable mix 
ing valve, it is contemplated that the mixing valve 254 may be 
a non-electronically controlled mixing valve (e.g. athermally 
controlled mixing valve). It is contemplated that one or more 
mixing valves 254 may be used with any size of tank and with 
any number of tanks. 
0062. The hot water capacity may depend on the tempera 
ture setpoint of the water within the water tanks 212, 230, the 
temperature of the coldwater entering the first water tank 212 
through the cold water inlet 248, the temperature of the water 
exiting the first water tank 212 through the water line 216, the 
temperature of the water exiting the second water tank 230 
through the water line 232 and the desired temperature of the 
water exiting the water outlet 258. 
0063. In some instances, the water heater system 200 may 
be controlled by an algorithm in Such a way as to increase the 
efficiency while maintaining or increasing hot water capacity. 
For example, the instant that the second water tank 230 senses 
a draw on the water supply, both the first gas burner 224 and 
the second gas burner 240 may fire simultaneously to help 
maintain the hot water capacity of the system, even though the 
temperature sensor 228 in the first water tank 212 may not 
sense the draw for several minutes. This rapid turn-on algo 
rithm may help reduce the drop in water temperature in the 
first water tank 212 that would otherwise occur with a control 
that is not configured to rapid-fire the first water tank 212. 
Optionally, the control algorithm may increase the setpoint 
temperature of the first water tank 212, at least temporarily 
after the second water tank 230 senses a draw on the water 
Supply to provide more capacity. 
0064. While not explicitly shown, it is further contem 
plated that in some instances, the first water tank 212 may 
include a flue gas condensing heat exchanger. In some 
embodiments, the flue gas exiting the second water tank 230 
may be directed through the flue 242 and into a heat 
exchanger (not explicitly shown) in the first water tank 212. It 
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is contemplated that the heat from the flue gas influe 242 may 
be used in addition to, or in place of the gas burner 224. If the 
flue gas heat exchanger is used in place of the gas burner 224, 
it is contemplated that the gas burner 224, combustion gas line 
222, gas source 220, and flue 226 in the first water tank 212 
may not be necessary. The reverse configuration may also be 
used. 

0065 Referring to FIGS. 2A, 2B, and 3, in some instances, 
the water heater system 100, 200 may use the relationship 
between hot waterusage and the time of day to determine the 
most efficient way to heat the first and second tanks 112, 212, 
130, 230. In some embodiments, the relationship between hot 
water usage and the time of day may be entered into the user 
interface 260, if so provided, directly by a user. In other 
embodiments, the controller(s) 118, 134,218, 234 may utilize 
an algorithm that monitors hot water usage to develop a 
schedule of expected hot water demand. For systems without 
a water flow rate sensor, the controller(s) 118, 134, 218, 234 
may indirectly estimate hot water usage by monitoring the 
water temperature and/or call-for-heat signals. For systems 
with a water flow rate sensor, the controller(s) 118, 134, 218, 
234 may use that signal to directly measure hot water usage 
over time. This information may be used to construct a sched 
ule of expected hot water demand over time. 
0.066 For water heaters with an integrated controller, the 
controllers of each water heater may communicate as master/ 
slaves, as discussed above, or via another communication 
protocol, to work together to adjust the temperature setpoint 
of each water tank 112, 130, 212, 230. For water heater 
systems without an integrated controller, a single controller 
may be used to control the temperature set points of all of the 
water tanks. Based on the configuration of the water heaters 
(e.g. series or parallel), the required hot-water capacity at a 
given time of day, and whether there are any mixing or shutoff 
valves at the water heater outlets, the temperature setpoints of 
each of the water tanks 112, 130, 212, 230 may be optimized 
such that the water tanks 112, 130, 212, 230 as a group meet 
the immediate hot-water demands of the user. 

0067. In one example, a system including two tanks in 
series, such as tanks 112, 130 or tanks 212, 230, the first tank 
112, 212 may receive cold water with a first temperature T1 
and may heat the water to a second temperature T2. For 
illustrative purposes only, the first and second tanks 112, 212, 
130, 230 may each have a volume of 30 gallons. The second 
tank 130, 230 receives heated water from the first tank 112, 
212 and heats the water to the desired temperature T3, which 
may be greater than T2. The water from the second tank 130, 
230 may be output to the hot water distribution system. If the 
predicted hot water demand for the user at the current time is 
10 gallons, the master control may reduce the temperature 
setpoint of the first tank 112, 212 to T1 and leave the tem 
perature setpoint of the second tank 130, 230 at a temperature 
that would provide 10 gallons of water at temperature T3. 
Such a control algorithm may prevent the burner 124, 224 on 
the first tank 112, 212 from heating the water in the first tank 
112, 212 unnecessarily. If, however, the predicted hot water 
demand for the user at the current time is 45 gallons, the 
master control may change the temperature setpoint of the 
first tank 112, 212 to just below T3 and leave the temperature 
setpoint of the second tank 130, 230 at T3 or above. This may 
allow the system 100, 200 to provide more than 30 gallons of 
water without heating both the first tank 112, 212 and the 
second tank 130, 230 to the desired temperature T3 at all 
times. 
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0068 FIG. 4 illustrates another exemplary water heater 
system 300. The water heater system 300 may include a first 
water tank 312 and a second water tank 330 plumbed in 
parallel with one another. While the system 300 is illustrated 
as having two tanks 312, 330, it is contemplated that the 
system 300 may include any number of tanks desired, such as, 
but not limited to three, four, or more. In some embodiments, 
the first and second water tanks 312,330 may be two smaller 
tanks (for example, the tanks 312,330 may each be less than 
60 gallons, less than 50 gallons, less than 40 gallons, less than 
30 gallons, etc.). It is contemplated that the first water tank 
312 and the second water tank 330 may have the same vol 
ume. However, this is not required. In some instances the first 
water tank 312 may have a larger tank Volume than the second 
water tank 330, or the second water tank 330 may have a 
larger tank volume than the first water tank 312. The first 
water tank 312 and the second water tank 330 may be stan 
dard (e.g. non-condensing) atmospheric water tanks, or any 
form of storage water tanks desired. In some instances, the 
first water tank 312 and the second water tank 330 may be 
physically separate structures as shown in FIG. 4. In other 
instances, the first water tank 312 and the second water tank 
330 may be fluidly isolated volumes that are part of the same 
assembly. In some embodiments, the first water tank 312 
and/or second water tank 330 may be replaced with a tankless 
(or instantaneous) water heater. 
0069. The first water tank 312 may include an insulating 
layer (not explicitly shown) positioned about the water tank 
312 to help reduce thermal losses from the water tank 312. 
Cold water enters water tank 312 through a cold water line 
314 and is heated by a gas burner 324. In some cases, the 
water tank 312 may include an electric heating element rather 
than a gas burner 324. When so provided, a power delivery 
unit (not shown) may be used to selectively apply power (i.e. 
current) to the electric heating element. For gas-fired water 
heaters, a control unit 318 may control a gas control unit, Such 
as a gas valve, to regulate gas flow from a gas source 320 
through a combustion gas line 322 and into gas burner 324. In 
Some instances, control unit 318 may also control additional 
components of the water heater system. A flue 326 permits 
combustion byproducts to safely exit. Regardless of the 
power source of the first water tank 312 (gas, oil, electric, 
etc.), the resulting heated water exits through a water outlet 
line 316. 

0070 Similarly, the second water tank 330 may includean 
insulating layer (not explicitly shown) positioned about the 
water tank 330 to help reduce thermal losses from the water 
tank 312. Cold water may enter the second water tank 330 
through a coldwater line 350 branched off of a coldwaterline 
314 and is heated by a gas burner 340. In some instances, cold 
water may be supplied to the second water tank 330 through 
a separate cold water Supply. In some cases, the water tank 
330 may include an electric heating element rather than a gas 
burner 340. When so provided, a power delivery unit (not 
shown) may be used to selectively apply power (i.e. current) 
to the electric heating element. For gas-fired water heaters, a 
control unit 334 may control a gas control unit, Such as a gas 
valve, to regulate gas flow from a gas source 336 through a 
combustion gas line 338 and into gas burner 344. In some 
instances, control unit 334 may also control additional com 
ponents of the water heater system. A flue 342 permits com 
bustion byproducts to safely exit. Regardless of the power 
source of the first water tank 330 (gas, oil, electric, etc.), the 
resulting heated water exits through a water outlet line 332. 
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0071. The first water tank 312 may include a temperature 
sensor 328. In some cases, temperature sensor 328 may enter 
water tank 312 at a location laterally offset from control unit 
318. In some instances, however, temperature sensor 328 may 
instead be located behind control unit 318 and in some cases, 
may be Supported and retained by a common mounting 
bracket. In any event, water tank 312 may include an aperture 
that is sized and configured to accept temperature sensor 328. 
The aperture may include threads that are configured to 
accommodate corresponding matching threads on tempera 
ture sensor 328. In some cases, temperature sensor 328 has a 
compression or frictional fit within the aperture. In other 
instances, water tank 312 may include a threaded spud (not 
explicitly shown) that is configured to receive temperature 
sensor 328. 

0072 Similarly, the second water tank 330 may include a 
temperature sensor 344. In some cases, temperature sensor 
344 may enter water tank 330 at a location laterally offset 
from control unit 334. In some instances, however, tempera 
ture sensor 344 may instead be located behind control unit 
334 and in Some cases, may be Supported and retained by a 
common mounting bracket. In any event, water tank 330 may 
include an aperture that is sized and configured to accept 
temperature sensor 344. The aperture may include threads 
that are configured to accommodate corresponding matching 
threads on temperature sensor 344. In some cases, tempera 
ture sensor 344 has a compression or frictional fit within the 
aperture. In other instances, water tank 330 may include a 
threaded spud (not explicitly shown) that is configured to 
receive temperature sensor 344. 
0073. Both the first water tank 312 and the second water 
tank 330 may be hooked up to a cold water line 314 for 
receiving cold water from a water Source. In some instances, 
the coldwater line 314 may include a branch line 346 directly 
connected to an electronically controlled mixing valve 356 
for injecting some cold water into the mixing valve 356, as 
will be discussed in more detail below, while some coldwater 
passes through another portion of the line 348 and enters the 
tank through the cold water inlet 366. In some embodiments, 
the cold water line 314 may also include a second cold water 
branch line 350 for delivering cold water to the second water 
tank 330. In other embodiments, a separate cold water supply 
line may be used to deliver water to the second water tank 330. 
The first gas burner 324 may heat the cold water entering the 
first water tank 312 to a first predetermined temperature set 
point, and the second gas burner 340 may heat the cold water 
entering the second water tank 330 to a second predetermined 
temperature setpoint. In some embodiments, the first and 
second temperature setpoints may be equal or approximately 
equal; however, this is not required. It is contemplated that the 
temperature setpoint of the first and second water tanks 312, 
330 may be equal to or greater than the desired water tem 
perature at the water outlet 360. In some cases, the first and 
second temperature setpoints may be different. 
(0074 Heated water may exit the first water tank 312 
through hot water line 316. Heated water may also exit the 
second water tank 330 through hot water line 332. The hot 
water lines 316,332 may join together at an intersection 368. 
The hot water from lines 316, 332 may mix and be delivered 
to an electronically controlled mixing valve 356 via hot water 
line 370. The electronically controlled mixing valve 356 may 
inject a regulated amount of cold water into the hot water line 
370 to achieve a desired temperature at the water outlet 360. 
As noted above, the temperature of the hot water exiting the 
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first and second water tanks 312,330 may be hotter than the 
desired outlet 360 water temperature and thus the cold water 
may be used to temper, or cool, the hot water leaving the 
tanks. While the system as shown as having a cold water 
branch line 346, a separate cold water line may be connected 
to the mixing valve 356. 
0075. It is contemplated that the water temperature exiting 
the water outlet 360 and the water temperature in the first and 
second water tanks 312,330 may be selected to be any value 
desired based on the particular application. The operating 
setpoint of the water temperature within the water tanks 312, 
330 may be selected based on a number of variables, such as, 
but not limited to, the temperature of the cold water entering 
the first and second water tank 312, 330, the desired water 
temperature at the water outlet 360, the volume of the water 
tanks 312,330 and/or the percent of usable hot water in the 
water tanks 312,330, etc. It is further contemplated that the 
proportion of cold water entering mixing valve 356 from the 
branch line 346 to the hot water entering the mixing valve 356 
from the hot water line 370 may also be dependent upon a 
number of variables, such as, but not limited to, the tempera 
ture of the cold water entering the mixing valve 356, the 
temperature of the hot water entering the mixing valve 356, 
the desired water temperature at the water outlet 360, etc. In 
Some cases, the operating setpoints and/or the proportion of 
cold water entering mixing valve 356 may be dynamic, and 
may vary with time, the temperature of the cold water enter 
ing the first water tank 312, the desired water temperature at 
the mixed water outlet360, the volume of the water tanks 312, 
330, the percent of usable hot water in the water tanks 312, 
330, and/or any other variable, as desired. 
0076. The mixed water outlet 360 may include an outlet 
water temperature sensor 358 for measuring the temperature 
of the water exiting the water heater system 300. In some 
embodiments, a temperature sensor 352 may be provided in 
the hot water line 332 and a temperature sensor 354 may be 
provided in the cold water line 348 to help improve control of 
the water temperature exiting the water heater system 300 at 
the outlet line 360. While not explicitly shown, it is contem 
plated that a temperature sensor may also be provided in hot 
water line 316 and/or hot water line 370. It is contemplated 
that the mixing valve 356 and the outlet water temperature 
sensor 358 may be connected to the control units 318,334 via 
a communication bus 364, or other alternative connection. 
For example, it is contemplated that the mixing valve 356 and 
temperature sensor 358 may be in wired or wireless commu 
nication with the control units 318,334. Similarly, tempera 
ture sensors 328, 344, 352, 354 may be in communication 
with the control units 318,334 via a communication bus 364 
or other alternative connection. It is contemplated that the 
temperature sensors 328, 344, 352, 354 may be in wired or 
wireless communication with the control units 318,334. The 
water heater system 300 may include an optional Man-Ma 
chine Interface (MMI) or user interface 362. The user inter 
face 362 may allow a user to view and/or modify temperature 
setpoints and other control features. 
In some instances, the gas burner 324 on the first water tank 
312 may be controlled by the control unit 318, and the gas 
burner 340 on the second water tank 330 may be controlled by 
the control unit 334. The first control unit 318 and the second 
control unit 334 may be in either wired or wireless commu 
nication with one another to facilitate optimum control of the 
entire water heater system 300. In such an arrangement, for 
example, one control may act as master and the other as slave. 
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This communication may allow for sharing of water tempera 
ture, safety status, water temperature Stacking, etc. If a mas 
ter/slave protocol is used, the master may be allowed to 
increase or decrease the temperature setpoint(s) of itself and 
the slave controls. In some instances, the master control may 
be allowed to lockout any of the controls, depending on the 
safety status that was communicated to the master. It is also 
contemplated that a single overall control module (not explic 
itly shown) might be used for both tanks 312,330, especially 
if both tanks 312, 330 are part of the same assembly (not 
explicitly shown). 
(0077 Referring briefly to FIG. 8, it will be appreciated 
that control units 318,334 may include controllers. FIG. 8 is 
a block diagram of such a controller 700. The controller 700 
may be considered as being a portion of control units 318, 
334, or separate from control units 318,334. Controller 700 
may have several blocks. In some cases, controller 700 may 
have an INPUT/OUTPUT block 710 that accepts signals 
from the temperature sensors 328,344, 352,354, 358 (FIG. 
4). If water heater system 300 is in communication with an 
external thermostat or other controller, INPUT/OUTPUT 
block 710 may accommodate externally-derived control sig 
nals, and/or provide status and/or other information, as 
desired. In some cases, INPUT/OUTPUT block 710 may also 
provide appropriate output command signals to an electri 
cally controlled gas valve (not illustrated) within control units 
318,334, or other electrically controlled valve, such as mix 
ing valve 356. 
0078. In some instances, controller may include a micro 
processor 720 that may be configured to accept appropriate 
signals from INPUT/OUTPUT block 710, and to determine 
appropriate output signals that can be outputted via INPUT/ 
OUTPUT block 710, such as to other components within 
control units 318,334 (FIG. 4) and/or to an external thermo 
stat or other controller. Microprocessor 720 may be pro 
grammed to accept a temperature signal from temperature 
sensors 328,344, 352,354,358 (FIG. 4), and to calculate or 
otherwise determine a command temperature that alters the 
temperature value received from the temperature sensors 328, 
344, 352, 354, 358 in order to account or compensate for 
temperature differentials and/or thermal lag caused by the 
partial thermal isolation (if present) of the temperature sen 
sors 328,344,352,354,358 from the water in the water tanks 
312, 330 or water lines 348,332, 360. The microprocessor 
720 may be also be programmed to determine a command 
temperature based on the current or expected hot water 
demand on the water heater system 300. While not explicitly 
illustrated, microprocessor 720 may also include memory 
and/or other components. 
0079. It is contemplated that one or both of the control 
units 318,334 may include a control algorithm for operating 
the mixing valve 356 based on the desired water temperature 
at the water outlet 360. For example, the control units 318, 
334 may include a controller configured to provide signals to 
the mixing valve 356 via communication line 364 to change 
the ratio of hot water to coldwater based on feedback received 
from the user interface 362, the outlet water temperature 
sensor 358, the coldwater temperature sensor 354, and/or the 
hot water temperature sensor 352. While the mixing valve 
356 has been described as an electronically controllable mix 
ing valve, it is contemplated that the mixing valve 356 may be 
a non-electronically controlled mixing valve. It is contem 
plated that one or more mixing valves 356 may be used with 
any size of tank and with any number of tanks. 
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0080. The hot water capacity may depend on the tempera 
ture setpoint of the water within the water tanks 312,330, the 
temperature of the coldwater entering the first water tank 312 
through the cold water inlet 348, the temperature of the water 
exiting the first water tank 312 through the water line 316, the 
temperature of the water exiting the second water tank 330 
through the water line 332, and/or the desired temperature of 
the water exiting the water outlet 360. 
0081. It is contemplated that during use of the water heater 
system 300, hot water may be drawn from both the first and 
second water tanks 312, 330 evenly. However, this is not 
required. While not explicitly shown in FIG. 4, in some 
instances one or both of the hot water lines 316, 332 may 
include an electronically controlled shut off valve. If a pre 
dicted hot water demand for a given time period is less than 
the volume of one of tanks 312, 330, water may be drawn 
from only one of the first or second tanks 312,330 by closing 
the shut off valve on the hot water outlet 316, 332. 
0082 It is further contemplated that in some instances, the 

first water tank 312 may include a flue gas condensing heat 
exchanger. In some embodiments the flue gas exiting the 
second water tank 330 may be directed through the flue 342 
and into a heat exchanger (not explicitly shown) in the first 
water tank 312. It is contemplated that the heat from the flue 
gas influe342 may be used in addition to or in place of the gas 
burner 324. If the flue gas heat exchanger is used in place of 
the gas burner 324, it is contemplated that the gas burner 324, 
combustion gas line 322, gas source 320, and flue 326 in the 
first water tank 312 may not be necessary. The reverse con 
figuration may also be used. 
0083 FIG. 5 illustrates another exemplary water heater 
system 400. The water heater system 400 may include a first 
water tank 412 and a second water tank 430 plumbed in 
parallel with one another including multi-stage mixing 
valves. While the system 400 is illustrated as having two tanks 
412, 430, it is contemplated that the system 400 may include 
any number of tanks desired. Such as, but not limited to three, 
four, or more. In some embodiments, the first and second 
water tanks 412,430 may be two smaller tanks (for example, 
the tanks 412,430 may each be less than 60 gallons, less than 
50 gallons, less than 40 gallons, less than 30 gallons, etc.). It 
is contemplated that the first water tank 412 and the second 
water tank 430 may have the same volume. However, this is 
not required. In some instances, the first water tank 412 may 
have a larger tank volume than the second water tank 430 or 
the second water tank 430 may have a larger tank volume than 
the first water tank 412. The first water tank 412 and second 
water tank 430 may be standard (e.g. non-condensing) atmo 
spheric water tanks or any form of storage water tanks 
desired. In some instances, the first water tank 412 and the 
second water tank 430 may be physically separate structures 
as shown in FIG.5. In other instances, the first water tank 412 
and the second water tank 430 may be fluidly isolated vol 
umes that are part of the same assembly. It is contemplated 
that, in some embodiments, one or both of the tanks 412,430 
may be tankless or instantaneous water heaters. 
0084. The first water tank 412 may include an insulating 
layer (not explicitly shown) positioned about the water tank 
412 to help reduce thermal losses from the water tank 412. 
Cold water enters water tank 412 through a cold water line 
414 and is heated by a gas burner 424. In some cases, the 
water tank 412 may include an electric heating element rather 
than a gas burner 424. When so provided, a power delivery 
unit (not shown) may be used to selectively apply power (i.e. 
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current) to the electric heating element. For gas-fired water 
heaters, a control unit 418 may control a gas control unit, Such 
as a gas valve, to regulate gas flow from a gas source 420 
through a combustion gas line 422 and into gas burner 424. In 
Some instances, control unit 418 may also control additional 
components of the water heater system. A flue 426 permits 
combustion byproducts to safely exit. Whether oil, gas or 
electric powered, the resulting heated water exits through a 
hot water line 416. 

I0085 Similarly, the second water tank 430 may includean 
insulating layer (not explicitly shown) positioned about the 
water tank 430 to help reduce thermal losses from the water 
tank 412. Cold water may enter the second water tank 430 
through a coldwater line 450 branched off of a coldwater line 
414 and is heated by a gas burner 440. In some instances, cold 
water may be supplied to the second water tank 430 through 
a separate cold water Supply. In some cases, the water tank 
430 may include an electric heating element rather than a gas 
burner 440. When so provided, a power delivery unit (not 
shown) may be used to selectively apply power (i.e. current) 
to the electric heating element. For gas-fired water heaters, a 
control unit 434 may control a gas control unit, Such as a gas 
valve, to regulate gas flow from a gas source 436 through a 
combustion gas line 438 and into gas burner 444. In some 
instances, control unit 434 may also control additional com 
ponents of the water heater system. A flue 442 permits com 
bustion byproducts to safely exit. Whether oil, gas or electric 
powered, the resulting heated water exits through a hot water 
line 432. The first water tank 412 may include a temperature 
sensor 428, and the second water tank 430 may include a 
temperature sensor 444. 
0086. Both the first water tank 412 and the second water 
tank 430 may be hooked up to a cold water line 414 for 
receiving cold water from a water Source. In some instances, 
the coldwater line 414 may include a branch line 446 directly 
connected to an electronically controlled mixing valve 458 
for injecting some cold water into the mixing valve 458, as 
will be discussed in more detail below, while some coldwater 
passes through another portion of the line 448 and enters the 
first water tank 412 through the cold water inlet 470. In some 
embodiments, the cold water line 414 may also include a 
second branch cold water line 450 for delivering coldwater to 
the second water tank 430 as shown. In other embodiments, a 
separate cold water Supply line may be used to deliver water 
to the second water tank 430. The first gas burner 424 may 
heat the cold water entering the first water tank 412 to a first 
predetermined temperature setpoint, and the second gas 
burner 440 may heat the cold water entering the second water 
tank 430 to a second predetermined temperature setpoint. In 
Some embodiments, the first and second temperature set 
points may be equal or approximately equal; however, this is 
not required. It is contemplated that the temperature setpoint 
of the first and second water tanks 412, 430 may be equal to 
or greater than the desired water temperature at the water 
outlet 472. In some cases, the first and second temperature 
setpoints may be different. 
I0087 Heated water may exit the first water tank 412 
through hot water line 416. Cold water may be injected into 
the hot water line 416 at an electronically controlled mixing 
valve 458. As noted above, the temperature of the hot water 
exiting the first water tank 412 may be hotter than the desired 
outlet 472 water temperature and thus the cold water may be 
used to temper, or cool, the hot water leaving the tanks. While 
the system is shown as having a branch cold waterline 446, it 
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is contemplated that a separate cold water line may be con 
nected to the mixing valve 458. The tempered water may flow 
through an intermediate water line 474 to a second electroni 
cally controlled mixing valve 462. The second mixing valve 
462 may mix tempered water from the first mixing valve 458 
with hot water exiting the second water tank 430 through hot 
water line 432. The electronically controlled mixing valve 
462 may inject a regulated amount of hot water from the 
second tank 430 into the intermediate water line 474 to 
achieve a desired temperature at the water outlet 472. As 
noted above, the temperature of the hot water exiting the 
second water tank 430 may be hotter than the desired outlet 
472 water temperature and thus the tempered water from 
intermediate line 474 may be used to temper, or cool, the hot 
water leaving the second tank 430. Alternatively, the hot 
water line 432 can be seen as warming the water in the 
intermediate line 474. 

0088. It is contemplated that the water temperature exiting 
the water outlet 472 and the water temperature in the first and 
second water tanks 412,430 may be selected to be any value 
desired based on the particular application. The operating 
setpoint of the water temperature within the water tanks 412, 
430 may be selected based on a number of variables, such as, 
but not limited to, the temperature of the cold water entering 
the first and second water tanks 412, 430, the desired water 
temperature at the water outlet 472, the volume of the water 
tanks 412, 430 and/or the percent of usable hot water in the 
water tanks 412,430, etc. It is further contemplated that the 
proportion of cold water entering mixing valve 458 from the 
branch line 446 to the hot water entering the mixing valve 458 
from the hot water line 416 may also be dependent upon a 
number of variables, such as, but not limited to, the tempera 
ture of the cold water entering the mixing valve 458, the 
temperature of the hot water entering the mixing valve 458, 
the desired water temperature at the water outlet 472, etc. The 
proportion of hot water entering the second mixing valve 462 
from the hot water line 432 to the tempered water entering the 
second mixing valve 462 from intermediate line 474 may also 
be dependent upon a number of variables, such as, but not 
limited to, the temperature of the water in intermediate line 
474, the temperature of the water in the hot waterline 432, the 
desired water temperature at the water outlet 472, etc. 
I0089. The mixed water outlet 472 may include an outlet 
water temperature sensor 464 for measuring the temperature 
of the water exiting the water heater system 400. The inter 
mediate waterline 474 may also include a temperature sensor 
460 for measuring the temperature of the water exiting the 
first mixing valve 458. In some embodiments, a temperature 
sensor 452 may be provided in the hot water line 432, a 
temperature sensor 454 may be provided in the cold waterline 
448, and a temperature sensor 456 may be provided in hot 
water line 416 to improve control of the water temperature 
exiting the water heater system 400 at the outlet line 472, 
although this is not required. It is contemplated that the mix 
ing valves 458, 462, the outlet water temperature sensor 464, 
and the intermediate temperature sensor 460 may be con 
nected to the control units 418, 434 via a communication bus 
468, or other alternative connection. For example, it is con 
templated that the mixing valves 458, 462 and temperature 
sensors 460, 464 may be in wired or wireless communication 
with the control units 418, 434. Similarly, temperature sen 
sors 428,444, 452, 454, 456 may also be in communication 
with the control units 418, 434 via a communication bus 468 
or other alternative connection. It is contemplated that the 
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temperature sensors 428,444, 452, 454, 456 may be in wired 
or wireless communication with the control units 418, 434. 
The water heater system 400 may include an optional Man 
machine interface (MMI) or user interface 466. The user 
interface 466 may allow a user to view and/or modify tem 
perature setpoints and other control features. 
0090. In some instances, the gas burner 424 on the first 
water tank 412 may be controlled by control unit 418 and the 
gas burner 440 on the second water tank 430 may be con 
trolled by control unit 434. The first control unit 418 and the 
second control unit 434 may be in either wired or wireless 
communication with one another to facilitate optimum con 
trol of the entire water heater system 400. In such an arrange 
ment, for example, one control may act as master and the 
other as slave. This communication may allow for sharing of 
water temperature, safety status, water temperature stacking, 
etc. If a master/slave protocol is established, the master may 
be allowed to increase or decrease the temperature setpoint(s) 
of itself and the slave controls. In some instances, the master 
control may also be allowed to lockout any of the controls, 
depending on the safety status that was communicated to the 
master. It is also contemplated that a single overall control 
module (not explicitly shown) might be used for both tanks 
412,430, especially if both tanks 412,430 are part of the same 
assembly (not explicitly shown). 
(0091 Referring briefly to FIG. 8, it will be appreciated 
that control units 418, 434 may include controllers. FIG. 8 is 
a block diagram of such a controller 700. The controller 700 
may be considered as being a portion of control unit 418, 434, 
or separate from control unit 418, 434. Controller 700 may 
have several modules. In some cases, controller 700 may have 
an INPUT/OUTPUT block 710 that accepts signals from the 
temperature sensors 428,444, 452, 454, 456, 464 (FIG. 5). If 
water heater system 400 is in communication with an external 
thermostat or other controller, INPUT/OUTPUT block 710 
may accommodate externally-derived control signals, and/or 
provide status and/or other information, as desired. In some 
cases, INPUT/OUTPUT block 710 may also provide appro 
priate output command signals to an electrically controlled 
gas valve (not illustrated) within control units 418, 434, or 
other electrically controlled valve, such as mixing valves 458, 
462. 

0092. In some instances, controller may include a micro 
processor 720 that may be configured to accept appropriate 
signals from INPUT/OUTPUT block 710, and to determine 
appropriate output signals that can be outputted via INPUT/ 
OUTPUT block 710, such as to other components within 
control units 418, 434 (FIG. 5) and/or to an external thermo 
stat or other controller. Microprocessor 720 may be pro 
grammed to accept a temperature signal from temperature 
sensors 428,444, 452, 454,456, 464 (FIG. 5), and to calculate 
or otherwise determine a command temperature that alters the 
temperature value received from the temperature sensors 428, 
444, 452, 454, 464 in order to account or compensate for 
temperature differentials and/or thermal lag caused by the 
partial thermal isolation (if present) of the temperature sen 
sors 428,444, 452, 454, 464 from the water in the water tanks 
412,430 or water lines 416, 432, 448, 472, 474. The micro 
processor 720 may be also be programmed to determine a 
command temperature based on the current or expected hot 
water demand on the water heater system 400. While not 
explicitly illustrated, microprocessor 720 may also include 
memory and/or other components. 
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0093. It is contemplated that one or both of the control 
units 418, 434 may include a control algorithm for operating 
the mixing valves 458, 462 based on the desired water tem 
perature at the water outlet 472. For example, the control units 
418, 434 may include a controller configured to provide sig 
nals to the mixing valve 458 via communication line 468 to 
change the ratio of hot water to cold water based on feedback 
received from the user interface 466, the intermediate water 
temperature sensor 460, the cold water temperature sensor 
454, and/or the hot water temperature sensor 456. While the 
mixing valve 458 has been described as an electronically 
controllable mixing valve, it is contemplated that the mixing 
valve 458 may be a non-electronically controlled mixing 
valve. The control units 418, 434 may also include a control 
ler configured to provide signals to the second mixing valve 
462 via communication line 468 to change the ratio of hot 
water to tempered water based on feedback received from the 
user interface 466, the outlet water temperature sensor 464, 
the intermediate water temperature sensor 460, and/or the hot 
water temperature sensor 452. While the mixing valve 462 
has been described as an electronically controllable mixing 
valve, it is contemplated that the mixing valve 462 may be a 
non-electronically controlled mixing valve. 
0094. The hot water capacity may depend on the tempera 
ture setpoint of the water within the water tanks 412,430, the 
temperature of the coldwater entering the first water tank 412 
through the cold water inlet 448, the temperature of the water 
exiting the first water tank 412 through the water line 416, the 
temperature of the water exiting the second water tank 430 
through the water line 432 and the desired temperature of the 
water exiting the water outlet 472. 
0095. It is contemplated that during use of the water heater 
system 400, hot water may be drawn from both the first and 
second water tanks 412, 430 evenly. However, this is not 
required. For example, during periods of expected low water 
draw, the first water tank 412 may be maintained at a lower set 
point temperature than the second water tank 430, and may be 
used to temper the hot water from the second water tank 430 
via the mixing valve 462. In this and other scenarios, hot 
water may be drawn from the first and second water tanks 
412, 430 unevenly. 
0096. While not explicitly shown, in some instances, one 
or both of the hot water lines 416, 432 may include an elec 
tronically controlled shut off valve. If the predicted hot water 
demand for a given time period is less than the Volume of one 
of tanks 412, 430, water may be drawn from only one of the 
first or second tanks 412,430 by closing the shut off valve on 
the hot water outlet 416,432 of the other tank. The tempera 
ture set point of the tank that is shut off by the shut off valve 
may be reduced to help conserve energy. In some cases, the 
controller(s) may switch which of the tanks 412, 430 is shut 
off by the shut off valve, sometimes in an effort to balance the 
load across the tanks 412 and 430 over time. 

0097 While not explicitly shown, it is contemplated that 
in some instances, the first water tank 412 may include a flue 
gas condensing heat exchanger. In some embodiments the 
flue gas exiting the second water tank 430 may be directed 
through the flue 442 and into a heat exchanger (not explicitly 
shown) in the first water tank 412. It is contemplated that the 
heat from the flue gas influe 442 may be used in addition to 
or in place of the gas burner 424. If the flue gas heat exchanger 
is used in place of the gas burner 424, it is contemplated that 
the gas burner 424, combustion gas line 422, gas source 420, 
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and flue 426 in the first water tank 412 may not be necessary. 
The reverse configuration may also be used. 
0.098 FIG. 6 illustrates another exemplary water heater 
system 500. The water heater system 500 may include a first 
water tank 512 and a second water tank 530 plumbed in 
parallel with one another including multi-stage mixing 
valves. While the system 500 is illustrated as having two tanks 
512, 530, it is contemplated that the system 500 may include 
any number of tanks desired, such as, but not limited to three, 
four, or more. In some embodiments, the first and second 
water tanks 512, 530 may be two smaller tanks (for example, 
the tanks 512, 530 may each be less than 60 gallons, less than 
50 gallons, less than 40 gallons, less than 30 gallons, etc.). It 
is contemplated that the first water tank 512 and the second 
water tank 530 may have the same volume. However, this is 
not required. In some instances, the first water tank 512 may 
have a larger tank volume than the second water tank 530, or 
the second water tank 530 may have a larger tank volume than 
the first water tank 512. The first water tank 512 and second 
water tank 530 may be standard (e.g. non-condensing) atmo 
spheric water tanks or any form of storage water tanks 
desired. In some instances, the first water tank 512 and the 
second water tank 530 may be physically separate structures 
as shown in FIG. 6. In other instances, the first water tank 512 
and the second water tank 530 may be fluidly isolated vol 
umes that are part of the same assembly. It is contemplated 
that, in some embodiments, one or both of the tanks 512,530 
may be tankless or instantaneous water heaters. 
0099. The first water tank 512 may include an insulating 
layer (not explicitly shown) positioned about the water tank 
512 to help reduce thermal losses from the water tank 512. 
Cold water enters water tank 512 through a cold water line 
514 and is heated by a gas burner 524. In some cases, the 
water tank 512 may include an electric heating element rather 
than a gas burner 524. When so provided, a power delivery 
unit (not shown) may be used to selectively apply power (i.e. 
current) to the electric heating element. For gas-fired water 
heaters, a control unit 518 may control a gas control unit, Such 
as a gas valve, to regulate gas flow from a gas source 520 
through a combustion gas line 522 and into gas burner 524. In 
Some instances, control unit 518 may also control additional 
components of the water heater system. A flue 526 permits 
combustion byproducts to safely exit. Whether oil, gas or 
electric powered, the resulting heated water exits through a 
hot water line 516. 

0100 Similarly, the second water tank 530 may includean 
insulating layer (not explicitly shown) positioned about the 
water tank 530 to help reduce thermal losses from the water 
tank 512. Cold water may enter the second water tank 530 
through a coldwater line 550 branched off of a coldwater line 
514 and is heated by a gas burner 540. In some instances, cold 
water may be supplied to the second water tank 530 through 
a separate cold water Supply. In some cases, the water tank 
530 may include an electric heating element rather than a gas 
burner 540. When so provided, a power delivery unit (not 
shown) may be used to selectively apply power (i.e. current) 
to the electric heating element. For gas-fired water heaters, a 
control unit 534 may control a gas control unit, Such as a gas 
valve, to regulate gas flow from a gas source 536 through a 
combustion gas line 538 and into gas burner 544. In some 
instances, control unit 534 may also control additional com 
ponents of the water heater system. A flue 542 permits com 
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bustion byproducts to safely exit. Whether oil, gas or electric 
powered, the resulting heated water exits through a hot water 
line 432. 

0101 The first water tank 512 may include a temperature 
sensor 528, and the second water tank 530 may include a 
temperature sensor 544. Both the first water tank 512 and the 
second water tank 530 may be hooked up to a cold water line 
514 for receiving cold water from a source. In some instances, 
the cold water line 514 may include a branch line 546 directly 
connected to an electronically controlled mixing valve 562 
for injecting some cold water into the mixing valve 562, as 
will be discussed in more detail below, while some cold water 
passes through another portion of the line 548 and enters the 
first water tank 512 through the cold water inlet 552. In some 
embodiments, the cold water line 514 may also include a 
second cold water branch line 550 for delivering coldwater to 
the second water tank 530. In other embodiments, a separate 
cold water supply line may be used to deliver water to the 
second water tank 530 and/or a separate cold water supply 
line may be used to deliver water to the mixing valve 562. The 
first gas burner 524 may heat the cold water entering the first 
water tank 512 to a first predetermined temperature setpoint, 
and the second gas burner 540 may heat the cold water enter 
ing the second water tank 530 to a second predetermined 
temperature setpoint. In some embodiments, the first and 
second temperature setpoints may be equal or approximately 
equal; however, this is not required. It is contemplated that the 
temperature setpoint of the first and second water tanks 512, 
530 may be equal to or greater than the desired water tem 
perature at the water outlet 574. In some cases, the first and 
second temperature setpoints may be different. 
0102 Heated water may exit the first water tank 512 
through hot water line 516. Cold water may be injected into 
the hot water line 516 at an electronically controlled mixing 
valve 562. As noted above, the temperature of the hot water 
exiting the first water tank 512 may be hotter than the desired 
outlet 574 water temperature and thus the cold water may be 
used to temper, or cool, the hot water leaving the tanks. While 
the system as shown as having a branch cold water line 446, 
it is contemplated that a separate cold water line may be 
connected to the mixing valve 562. The tempered water may 
flow through an intermediate water line 580 to a secondary 
electronically controlled mixing valve 566. The secondary 
mixing valve 566 may mix tempered water from the first 
mixing valve 562 with tempered water from a second elec 
tronically controlled mixing valve 570. 
(0103 Heated water may exit the second water tank 530 
through hot water line 532. Cold water may be injected into 
the hot water line 532 at an electronically controlled mixing 
valve 570. In some embodiments, cold water may be deliv 
ered to the mixing valve 570 through a cold water line 554 
branching off of cold water line 550. In other embodiments, 
cold water may be delivered to the mixing valve 570 through 
a separate cold water Supply line. As noted above, the tem 
perature of the hot water exiting the second water tank 530 
may be hotter than the desired outlet 574 water temperature 
and thus the cold water may be used to temper, or cool, the hot 
water leaving the tanks. The tempered water may flow 
through an intermediate water line 582 to the secondary mix 
ing valve 566. The secondary mixing valve 566 may control 
the proportion of water entering from intermediate line 580 to 
the water entering from intermediate line 582 to achieve a 
desired temperature at the water outlet 574 based on the 
temperature of the water in each intermediate line 580,582. In 

Jul. 24, 2014 

Some instances, the water temperature in intermediate line 
580 may be greater than, less than, or equal to the desired 
water temperature at the outlet 574. The water temperature in 
intermediate line 582 may also be greater than, less than, or 
equal to the desired water temperature at the outlet 574. It is 
contemplated that if the temperature of the water in either 
intermediate line 580, 582 is less than the desired water 
temperature at the outlet 574, the water temperature in the 
other line 580, 582 may be greater than the desired water 
temperature at the outlet 574 in order to achieve the desired 
water temperature at the outlet 574. 
0104. It is contemplated that the water temperature exiting 
the water outlet 574 and the water temperature in the first and 
second water tanks 512, 530 may be selected to be any value 
desired based on the particular application. The operating 
setpoint of the water tanks 512,530 may be selected based on 
a number of variables, such as, but not limited to, the tem 
perature of the cold water entering the first and second water 
tanks 512,530, the temperature of the cold water entering the 
second water tank 512 and the mixing valve 570, the desired 
water temperature at the water outlet 574, the volume of the 
water tanks 512,530 and/or the percent of usable hot water in 
the water tanks 512, 530, etc. The proportion of cold water 
entering mixing valves 562, 570 to the hot water entering 
mixing valves 562,570 from the tanks 512, 530 may also be 
dependent on a number of variables, such as, but not limited 
to, the temperature of the cold water entering the mixing 
valves 562,570, the temperature of the hot water entering the 
mixing valves 562,570, the desired water temperature at the 
water outlet 574, etc. It is further contemplated that the pro 
portion of water entering the secondary mixing valve 566 
from intermediate line 580 to the water entering the second 
ary mixing valve 566 from intermediate water line 582 may 
also be dependent upon a number of variables, such as, but not 
limited to, the temperature of the water in intermediate lines 
580,582 and the desired water temperature at the water outlet 
574, etc. 
0105. The mixed water outlet 574 may include an outlet 
water temperature sensor 572 for measuring the temperature 
of the water exiting the waterheater system 500. Intermediate 
water line 580 may also include a temperature sensor 564 for 
measuring the temperature of the water exiting the first mix 
ing valve 562. Intermediate water line 582 may also include a 
temperature sensor 568 for measuring the temperature of the 
water exiting the second mixing valve 570. In some embodi 
ments, a temperature sensor 556 may be provided in hot water 
line 532, a temperature sensor 560 may be provided in cold 
water line 548, and a temperature sensor 558 may be provided 
in hot water line 516 to improve control of the water tempera 
ture exiting the water heater system 500 at the outlet line 574, 
although this is not required. It is contemplated that the mix 
ing valves 562,566,570, the outlet water temperature sensor 
572, and the intermediate temperature sensors 564,568 may 
be connected to the control units 518, 534 via a communica 
tion bus 576, or other alternative connection. For example, it 
is contemplated that the mixing valves 562, 566, 570 and 
temperature sensors 564, 568, 572 may be in wired or wire 
less communication with the control units 518, 534. Simi 
larly, temperature sensors 528, 544, 556, 560, 558 may also 
be in communication with the control units 518, 534 via a 
communication bus 576 or other alternative connection. It is 
contemplated that the temperature sensors 528, 544, 556, 
558,560 may be in wired or wireless communication with the 
control units 518, 534. The water heater system 500 may 
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include an optional Man-Machine Interface (MMI) or user 
interface 578. The user interface 578 may allow a user to view 
and/or modify temperature setpoints and other control fea 
tures. 

0106. In some instances, the gas burner 524 on the first 
water tank 512 may be controlled by the first control unit 518 
and the gas burner 540 on the second water tank 530 may be 
controlled by the second control unit 534. Control unit 518 
and control unit 534 may be in either wired or wireless com 
munication with one another to facilitate optimum control of 
the entire water heater system 500. In such an arrangement, 
for example, one control may act as master and the other as 
slave. This communication may allow for sharing of water 
temperature, Safety status, water temperature stacking, etc. If 
a master/slave protocol is established, the master may be 
allowed to increase or decrease the temperature setpoint(s) of 
itself and the slave controls. In some instances, the master 
control may also be allowed to lockout any of the controls, 
depending on the safety status that was communicated to the 
master. It is also contemplated that a single overall control 
module (not explicitly shown) might be used for both tanks 
512,530, especially if both tanks 512,530 are part of the same 
assembly (not explicitly shown). 
0107 Referring briefly to FIG. 8, it will be appreciated 
that control units 518, 534 may include controllers. FIG. 8 is 
a block diagram of such a controller 700. The controller 700 
may be considered as being a portion of control units 518. 
534, or separate from control units 518, 534. Controller 700 
may have several modules. In some cases, controller 700 may 
have an INPUT/OUTPUT block 710 that accepts signals 
from the temperature sensors 528, 544, 556, 558, 560, 572 
(FIG. 6). If water heater system 500 is in communication with 
an external thermostat or other controller, INPUT/OUTPUT 
block 710 may accommodate externally-derived control sig 
nals, and/or provide status and/or other information, as 
desired. In some cases, INPUT/OUTPUT block 710 may also 
provide appropriate output command signals to an electri 
cally controlled gas valve (not illustrated) within control units 
518, 534, or other electrically controlled valve, such as mix 
ing valves 562, 566,570. 
0108. In some instances, controller may include a micro 
processor 720 that may be configured to accept appropriate 
signals from INPUT/OUTPUT block 710, and to determine 
appropriate output signals that can be outputted via INPUT/ 
OUTPUT block 710, such as to other components within 
control units 518, 534 (FIG. 6) and/or to an external thermo 
stat or other controller. Microprocessor 720 may be pro 
grammed to accept a temperature signal from temperature 
sensors 528,544,556,558,560,572 (FIG. 6), and to calculate 
or otherwise determine a command temperature that alters the 
temperature value received from the temperature sensors 528, 
544,556,558,560,572 in order to account or compensate for 
temperature differentials and/or thermal lag caused by the 
partial thermal isolation (if present) of the temperature sen 
sors 528,544, 556, 558,560,572 from the water in the water 
tanks 512, 530 or water lines 516, 532, 548,574, 580, 582. 
The microprocessor 720 may be also be programmed to deter 
mine a command temperature based on the current or 
expected hot water demand on the water heater system 500. 
While not explicitly illustrated, microprocessor 720 may also 
include memory and/or other components. 
0109. It is contemplated that one or both of the control 
units 518, 534 may include a control algorithm for operating 
the mixing valves 562, 570 based on the desired water tem 
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perature at the water outlet 574. For example, the control units 
518, 534 may include a controller configured to provide sig 
nals to the mixing valves 562, 570 via communication line 
576 to change the ratio of hot water to cold water based on 
feedback received from the user interface 578, the interme 
diate water temperature sensors 564, 568, the cold water 
temperature sensor 560, and/or the hot water temperature 
sensors 556,558. While the mixing valves 562,570 have been 
described as electronically controllable mixing valves, it is 
contemplated that the mixing valves 562,570 may be a non 
electronically controlled mixing valve. The control units 518. 
534 may also include a controller configured to provide sig 
nals to the secondary mixing valve 566 via communication 
line 576 to change the ratio oftempered water from line 580 
to tempered water from line 582 based on feedback received 
from the user interface 578, the outlet water temperature 
sensor 572, and/or the intermediate water temperature sen 
sors 564,568. While the mixing valve 566 has been described 
as an electronically controllable mixing valve, it is contem 
plated that the mixing valve 566 may be a non-electronically 
controlled mixing valve. 
0110. The hot water capacity may depend on the tempera 
ture setpoint of the water within the water tanks 512,530, the 
temperature of the cold water entering the first and second 
water tanks 512, 530, the temperature of the water exiting the 
first water tank 512 through the water line 516, the tempera 
ture of the water exiting the second water tank 530 through the 
water line 532 and the desired temperature of the water exit 
ing the water outlet 574. 
0111. It is contemplated that during use of the water heater 
system 500, hot water may be drawn from both the first and 
second water tanks 512, 530 evenly. However, this is not 
required. While not explicitly shown, in some instances one 
or both of the hot water lines 516, 532 may include an elec 
tronically controlled shut off valve. If the predicted hot water 
demand for a given time period is less than the Volume of one 
of tanks 512, 530, water may be drawn from only one of the 
first or second tanks 512, 530 by closing a shut off valve on 
one of the hot water outlets. 

0112 While not explicitly shown, it is further contem 
plated that in some instances, the first water tank 512 may 
include a flue gas condensing heat exchanger. In some 
embodiments, the flue gas exiting the second water tank 530 
may be directed through the flue 542 and into a heat 
exchanger (not explicitly shown) in the first water tank 512. It 
is contemplated that the heat from the flue gas influe 542 may 
be used in addition to or in place of the gas burner 524. If the 
flue gas heat exchanger is used in place of the gas burner 524, 
it is contemplated that the gas burnerS24, combustion gas line 
522, gas source 520, and flue 526 in the first water tank 512 
may not be necessary. The reverse configuration may also be 
used. 

0113 Referring to FIGS. 4-6, in some instances, the water 
heater system 300, 400, 500 may use the relationship between 
hot water usage and the time of day to determine the most 
efficient way to heat the first and second tanks. The relation 
ship between hot water usage and the time of day may be 
entered into the user interface 362. 466, 578, if so provided, 
directly by a user. In other embodiments, the controllers 318, 
334, 418, 434, 518, 534 may utilize an algorithm that moni 
tors hot water usage to develop a schedule of expected hot 
water demand. For systems without a water flow rate sensor, 
the controller(s)318,334, 418, 434,518, 534 may indirectly 
estimate hot water usage by monitoring the water temperature 
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and call-for-heat signals. For systems with a water flow rate 
sensor, the controller(s)318,334,418, 434,518,534 may use 
that signal to directly measure the hot water usage. 
0114 For water heaters with an integrated controller, the 
controllers may communicate as master/slaves, as discussed 
above, or via another communication protocol to adjust the 
temperature setpoint of each water tank 312,330, 412, 430, 
512, 530. For water heater systems without an integrated 
controller, a single controller may be used to individually 
control the temperature of the other water tanks. Based on the 
configuration of the water heaters (series/parallel), the 
required hot-water capacity at that time of day, and whether 
there are any mixing or shutoff valves at the water heater 
outlets, the temperature setpoints of each of the water tanks 
312,330,412,430, 512,530 may be optimized such that the 
water tanks 312, 330, 412, 430, 512, 530 as a group could 
meet the immediate hot-water demand of the user. 
0115. In one example, a system including two tanks in 
parallel, such as tanks 312,330, tanks 412,430, or tanks 512, 
530, the first tank 312,412,512 and the second tank 330, 430, 
530 each receive cold water with a first temperature T1 and 
heats the water to a second temperature T2. It is contemplated 
that T2 may be greater than or equal to the desired water 
temperature at the outlet 360, 472,574. For illustrative pur 
poses only, the first and second tanks 312, 412,512,330, 430, 
530 may each have a volume of 30 gallons. However, this is 
merely exemplary and is not intended the limit or define the 
volume of the tanks. The tanks 312, 412, 512, 330, 430,530 
may have any volume desired. If the predicted hot water 
demand for the user at a given time is 10 gallons, the master 
control may reduce the temperature setpoint of the first tank 
312, 412, 512 to T1 such that the burner is not used to heat the 
water. A shutoff valve on the hot water outlet 316,416,516 of 
the first tank 312, 412, 512 may be shut such that water from 
the first tank 312, 412, 512 does not leave the tank. While 
separate shutoff valves are not shown in FIGS. 4-6, mixing 
valves 458 and 562 may be used for this purpose, if desired. 
The temperature setpoint of the second tank 330, 430, 530 
may be left at a temperature that would provide 10 gallons of 
water at the desired water temperature at the outlet 360, 472, 
574. It is contemplated that if the temperature setpoint of the 
second tank 330, 430, 530 is greater than the desired water 
temperature at the outlet 360, 472, 574, then less than 10 
gallons of heated water may be drawn from the second tank 
330, 430, 530. Such a control algorithm may prevent the 
burner 324, 424,524 on the first tank 312, 412, 512 from 
heating the water in the first tank 312, 412,512 unnecessarily. 
It is contemplated that the reverse configuration may also be 
used. 

0116. If the predicted hot water demand for the user at this 
time is 45 gallons, the master control may change the tem 
perature setpoint of the first tank 312, 412,512 to T2 and leave 
the temperature setpoint of the second tank 330, 430, 530 at 
T2. This may allow the system 300, 400,500 to provide more 
than 30 gallons of water. 
0117 FIGS. 7A and 7B illustrate anotherexemplary water 
heater system 600. The water heater system 600 may include 
a first water tank 612 and a second water tank 630. The first 
and second water tanks 612, 630 may be plumbed to switch 
between a parallel configuration, as shown 7A, and a series 
configuration, as shown in FIG. 7B. While the system 600 is 
illustrated as having two tanks 612, 630, it is contemplated 
that the system 600 may include any number of tanks desired, 
Such as, but not limited to three, four, or more. In some 
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embodiments, the first and second water tanks 612, 630 may 
be two smaller tanks (for example, the tanks 612, 630 may 
each be less than 60 gallons, less than 50 gallons, less than 40 
gallons, less than 30 gallons, etc.). It is contemplated that the 
first water tank 612 and the second water tank 630 may have 
the same Volume. However, this is not required. In some 
instances, the first water tank 612 may have a larger tank 
Volume than the second water tank 630 or the second water 
tank 630 may have a larger tank volume than the first water 
tank 612. The first water tank 612 and second water tank 630 
may be standard (e.g. non-condensing) atmospheric water 
tanks or any form of storage water tanks desired. In some 
instances, the first water tank 612 and the second water tank 
630 may be physically separate structures as shown in FIGS. 
7A and 7B. In other instances, the first water tank 612 and the 
second water tank 630 may be fluidly isolated volumes that 
are part of the same assembly. It is contemplated that, in some 
embodiments, one or both of the tanks 612, 630 may be 
tankless or instantaneous water heaters. 

0118. The first water tank 612 may include an insulating 
layer (not explicitly shown) positioned about the water tank 
612 to help reduce thermal losses from the water tank 612. 
Cold water enters water tank 612 through a cold water line 
614 and is heated by a gas burner 624. In some cases, the 
water tank 612 may include an electric heating element rather 
than a gas burner 624. When so provided, a power delivery 
unit (not shown) may be used to selectively apply power (i.e. 
current) to the electric heating element. In either case, the 
resulting heated water exits through a water outlet line 616. 
The water outlet 616 may include a shutoff valve 678 for 
Switching between a parallel and a series configuration, as 
will be discussed in more detail below. For gas-fired water 
heaters, a control unit 618 may control a gas control unit, Such 
as a gas valve, to regulate gas flow from a gas source 620 
through a combustion gas line 622 and into gas burner 624. In 
Some instances, control unit 618 may also control additional 
components of the water heater system. A flue 626 permits 
combustion byproducts to safely exit. Whether oil, gas or 
electric powered, the resulting heated water exits through a 
hot water line 616. 

0119 Similarly, the second water tank 630 may includean 
insulating layer (not explicitly shown) positioned about the 
water tank 630 to help reduce thermal losses from the water 
tank 612. When the water heater system 600 is operated with 
the tanks in parallel, cold water may enter the second water 
tank 630 through a cold water line 648 branched off of a cold 
water line 614 and is heated by a gas burner 640. In some 
instances, cold water may be supplied to the second water 
tank 630 through a separate cold water supply. When the 
water heater system 600 is operated in series, warm and/or hot 
water may enter the second water tank 630 from the first water 
tank 612 through a branch water line 652 off of hot water 
outlet 616 and is heated by a gas burner 640. The cold water 
line 648 and the warm/hot water line 652 may each be pro 
vided with a shutoff valve 650, 654 to allow the system to be 
operated in either a parallel configuration or a series configu 
ration as desired, as will be discussed in more detail below. In 
some cases, the water tank 630 may include an electric heat 
ing element rather than a gas burner 640. When so provided, 
a power delivery unit (not shown) may be used to selectively 
apply power (i.e. current) to the electric heating element. The 
hot waterline 632 may include two branchlines 658, 662 each 
having a shutoff valve 660, 664 for switching between a 
parallel and a series configuration, as will be discussed in 
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more detail below. For gas-fired water heaters, a control unit 
634 may control a gas control unit, such as a gas valve, to 
regulate gas flow from a gas source 636 through a combustion 
gas line 638 and into gas burner 640. In some instances, 
control unit 634 may also control additional components of 
the water heater system. A flue 642 permits combustion 
byproducts to safely exit. Whether oil, gas or electric pow 
ered, the resulting heated water exits through a hot water line 
632. The first water tank 612 may include a temperature 
sensor 628 and the second water tank 630 may include a 
temperature sensor 644. 
0120. It is contemplated that the water heater system 600 
may be operated in either a parallel configuration or a series 
configuration, depending on the current conditions. The sys 
tem 600 may switch between configurations by actuating one 
or more shutoff valves, as will be described herein. Referring 
specifically to FIG. 7A, in the parallel configuration, both the 
first water tank 612 and the second water tank 630 may be 
configured to receive cold water from a source through cold 
water line 614. In some instances, the coldwaterline 614 may 
include a branch line 646 directly connected to an electroni 
cally controlled mixing valve 668 for injecting some cold 
water into the mixing valve 668, as will be discussed in more 
detail below, while some cold water passes through another 
portion of the line 680 and enters the first water tank 612 
through the cold water inlet 682. In some embodiments, the 
cold water line 614 may also include a second branch cold 
water line 648 for delivering cold water to the second water 
tank 630. In other embodiments, a separate cold water supply 
line may be used to deliver water to the second water tank 630. 
As noted above, branch cold water line 648 may be provided 
with a shutoff valve 650. When the first and second tanks 612, 
630 are operated in a parallel configuration, it may be desir 
able to have cold water entering both the first and second 
tanks 612, 630 simultaneously. In the parallel configuration, 
valve 650 may be in the open position (not shaded in FIG. 7A) 
to allow coldwater to flow into the second tank 630. Valve 654 
in outlet line 652 may be closed (shaded in FIG. 7A), thus 
preventing the warm and/or hot water exiting the first tank 
612 from entering the second tank 630. The first gas burner 
624 may heat the cold water entering the first water tank 612 
to a first predetermined temperature setpoint and the second 
gas burner 640 may heat the cold water entering the second 
water tank 630 to a second predetermined temperature set 
point. In some embodiments, the first and second temperature 
setpoints may be equal or approximately equal; however, this 
is not required. It is contemplated that the temperature set 
point of the first and second water tanks 612, 630 may be 
equal to or greater than the desired water temperature at the 
water outlet 672. In some cases, the first and second tempera 
ture setpoints may be different. 
0121 Still referring to FIG. 7A, heated water may exit the 

first water tank 612 through hot water line 616. Hot water line 
616 may include a shutoff valve 678 that may be in the open 
position to allow hot water to enter an electronically con 
trolled mixing valve 668. Heated water may also exit the 
second water tank 630 through hot water line 632. As noted 
above, the hot water line 632 may include two branch lines 
658, 662. The first branch line 658 may include a shutoff 
valve 660 and may join hot water line 616 at intersection 684. 
The second branch line 662 may include a shutoff valve 664 
and may direct water to the mixing valve 668. In the parallel 
configuration, the valve 660 in the first branch line 658 may 
be open while the valve 664 in the second branchline 662 may 
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be closed. This may direct the hot water from the second tank 
630 to mix with the hot water from the first tank 612 at an 
intersection 684. The hot water from lines 658 and 616 may 
mix and be delivered to an electronically controlled mixing 
valve 668 via hot water line 686. Cold water may be injected 
into the hot water line 686 at the electronically controlled 
mixing valve 668. As noted above, the temperature of the hot 
water exiting the first and second water tanks 612, 630 may be 
hotter than the desired outlet 672 water temperature and thus 
the cold water may be used to temper, or cool, the hot water 
leaving the tanks. While the system as shown as having a 
branch cold water line 646, it is contemplated that a separate 
cold water line may be connected to the mixing valve 668. 
Water at the desired temperature may exit the system 600 at 
the water outlet 672. 
0.122 Referring now to FIG. 7B, in the series configura 
tion, the first water tank 612 may be hooked up to a coldwater 
line 614 for receiving cold water from a source. In some 
instances, the cold water line 614 may include a branch line 
646 directly connected to an electronically controlled mixing 
valve 668 for injecting some cold water into the mixing valve 
668, as will be discussed in more detail below, while some 
cold water passes through another portion of the line 680 and 
enters the first water tank 612 through the cold water inlet 682 
into the first tank 612. In some embodiments, the cold water 
line 614 may also include a second branch cold water line 648 
for delivering cold water to the second water tank 630. As 
noted above, the branch cold water line 648 may be provided 
with a shutoff valve 650. When the system is operated in a 
series configuration, valve 650 may be closed (shaded in FIG. 
7B) to prevent cold water from entering the second water tank 
630. 

I0123. The gas burner 624 may heat the cold water entering 
the first water tank 612 to a first predetermined temperature 
setpoint. It is contemplated that the temperature setpoint of 
first water tank 612 may be greater than the temperature of the 
cold water entering the first water tank 612 but less than the 
desired output temperature of the water heater system 600 at 
the mixed water outlet line 672. The heated water may exit the 
first water tank 612 through the water outlet line 616. As noted 
above, water outlet 616 may include a branch line 652 having 
a shutoff valve 654 for directing warm/hot water to the second 
water tank 630. In the series configuration, valve 654 may be 
open (not shaded in FIG. 7B) while valve 678 in the water 
outlet line 616 is closed (shaded in FIG. 7B) to allow warm 
water to pass into the second water tank 630. 
(0.124. Still referring to FIG. 7B, the gas burner 640 may 
heat the water entering the second water tank 630 to a second 
predetermined temperature setpoint. It is contemplated that 
the second predetermined temperature setpoint may be 
greater than the first predetermined temperature setpoint of 
the first water tank 612. In some instances, the second prede 
termined temperature setpoint may be the desired hot water 
setpoint for the water heater system 600. In other instances, 
the second predetermined temperature setpoint may be higher 
than the desired water temperature exiting the water heater 
system 600 at the mixed water outlet line 672. It is contem 
plated that by maintaining the water temperature of the first 
water tank 612 at a lower temperature, the water heater sys 
tem 600 standby losses and the overall water heater system 
600 efficiency rating may be improved. 
0.125 Heated water may exit the second water tank 630 
through hot water line 632. As noted above, the hot water line 
632 may include two branch lines 658, 662. The first branch 
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line 658 may include a shutoff valve 660 and may join hot 
water line at intersection 684. The second branch line 662 
may include a shutoff valve 664 and may direct water directly 
to the mixing valve 668. In the series configuration, the valve 
660 in the first branch line 658 may be closed while the valve 
664 in the second branch line 662 may be open. This may 
direct the hot water from the second tank 630 to the electroni 
cally controlled mixing valve 668 via hot water line 662. Cold 
water may be injected into the hot water line 662 at the 
electronically controlled mixing valve 668. As noted above, 
the temperature of the hot water exiting the second water tank 
630 may be hotter than the desired outlet 672 water tempera 
ture and thus the cold water may be used to temper, or cool, 
the hot water leaving the tanks. While the system as shown as 
having a branch cold water line 646, it is contemplated that a 
separate coldwaterline may be connected to the mixing valve 
668. Water at the desired temperature may exit the system 600 
at the water outlet 672. 

0126 Regardless of the configuration of the tanks (e.g. 
parallel or series), it is contemplated that the water tempera 
ture exiting the water outlet 672 and the water temperature in 
the first and second water tanks 612, 630 may be selected to be 
any value desired based on the particular application. The 
operating setpoint of the water temperature within the water 
tanks 612, 630 may be selected based on a number of vari 
ables, such as, but not limited to, the temperature of the cold 
water entering the first and/or second water tanks 612, 630 
and the mixing valve 668, the desired water temperature at the 
water outlet 672, the volume of the water tanks 612, 630 
and/or the percent of usable hot water in the water tanks 612, 
630, etc. The proportion of cold water entering the mixing 
valve 668 to the hot water entering the mixing valves 668 
from either line 686 or line 662 may also be dependent on a 
number of variables, such as, but not limited to, the tempera 
ture of the cold water entering the mixing valve 668, the 
temperature of the hot water entering the mixing valve 668, 
the desired water temperature at the water outlet 672, etc. 
0127. The mixed water outlet 672 may include an outlet 
water temperature sensor 670 for measuring the temperature 
of the water exiting the water heater system 600. In some 
embodiments, a temperature sensor 656 may be provided in 
the hot water line 632, a temperature sensor 690 may be 
provided in the cold water line 680, and a temperature sensor 
688 may be provided in hot water line 616 to improve control 
of the water temperature exiting the water heater system 600 
at the outlet line 672, although this is not required. It is 
contemplated that the mixing valve 668 and the outlet water 
temperature sensor 670 may be connected to the control units 
618, 634 via a communication bus 676, or other alternative 
connection. For example, it is contemplated that the mixing 
valve 668 and temperature sensors 656, 690, 670, 688 may be 
in wired or wireless communication with the control units 
618, 634. Similarly, temperature sensors 628, 644, 656, 690, 
688 may also be in communication with the control units 618, 
634 via a communication bus 676 or other alternative con 
nection. It is contemplated that the temperature sensors 628, 
644, 656, 690, 688 may be in wired or wireless communica 
tion with the control units 618, 634. The water heater system 
600 may include an optional Man-machine interface (MMI) 
or user interface 674. The user interface 674 may allow a user 
to view and/or modify temperature setpoints and other control 
features. 

0128. In some instances, the gas burner 624 on the first 
water tank 612 may be controlled by the first control unit 618 
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and the gas burner 640 on the second water tank 630 may be 
controlled by the second control unit 634. Control unit 618 
and control unit 634 may be in either wired or wireless com 
munication with one another to facilitate optimum control of 
the entire water heater system 600. In such an arrangement, 
for example, one control may act as master and the other as 
slave. This communication may allow for sharing of water 
temperature, Safety status, water temperature stacking, etc. If 
a master/slave protocol is established, the master may be 
allowed to increase or decrease the temperature setpoint(s) of 
itself and the slave controls. In some instances, the master 
control may also be allowed to lockout any of the controls, 
depending on the safety status that was communicated to the 
master. It is also contemplated that a single overall control 
module (not explicitly shown) might be used for both tanks 
612, 630, especially if both tanks 612, 630 are part of the same 
assembly (not explicitly shown). 
I0129 Referring briefly to FIG. 8, it will be appreciated 
that control units 618, 634 may include controllers. FIG. 8 is 
a block diagram of such a controller 700. The controller 700 
may be considered as being a portion of control unit 618, 634, 
or separate from control unit 618, 634. Controller 700 may 
have several blocks. In some cases, controller 700 may have 
an INPUT/OUTPUT block 710 that accepts signals from the 
temperature sensors 628, 644, 656, 690, 670, 688 (FIGS. 7A 
and 7B). If water heater system 600 is in communication with 
an external thermostat or other controller, INPUT/OUTPUT 
block 710 may accommodate externally-derived control sig 
nals, and/or provide status and/or other information, as 
desired. In some cases, INPUT/OUTPUT block 710 may also 
provide appropriate output command signals to an electri 
cally controlled gas valve (not illustrated) within control units 
618, 634, or other electrically controlled valve, such as mix 
ing valve 668. 
0.130. In some instances, controller may include a micro 
processor 720 that may be configured to accept appropriate 
signals from INPUT/OUTPUT block 710, and to determine 
appropriate output signals that can be outputted via INPUT/ 
OUTPUT block 710, such as to other components within 
control units 618, 634 (FIGS. 7A and 7B) and/or to an exter 
nal thermostat or other controller. Microprocessor 720 may 
be programmed to accept a temperature signal from tempera 
ture sensors 628,644, 656, 690, 670, 688 (FIGS. 7A and 7B), 
and to calculate or otherwise determine a command tempera 
ture that alters the temperature value received from the tem 
perature sensors 628, 644, 656, 690, 670, 688 in order to 
account or compensate for temperature differentials and/or 
thermal lag caused by the partial thermal isolation (if present) 
of the temperature sensors 628, 644, 656, 690, 670, 688 from 
the water in the water tanks 612, 630 or water lines 616, 632, 
680, 672, 616. The microprocessor 720 may be also be pro 
grammed to determine a command temperature based on the 
current or expected hot water demand on the water heater 
system 600. While not explicitly illustrated, microprocessor 
720 may also include memory and/or other components. 
I0131. It is contemplated that one or both of the control 
units 618, 634 may include a control algorithm for operating 
the mixing valve 668 based on the desired water temperature 
at the water outlet 672. For example, the control units 618, 
634 may include a controller configured to provide signals to 
the mixing valve 668 via communication line 676 to change 
the ratio of hot water to coldwater based on feedback received 
from the user interface 674, the outlet water temperature 
sensor 670, the coldwater temperature sensor 690, and/or the 
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hot water temperature sensors 656, 688. It is further contem 
plated that the controller may provide signals to electroni 
cally controlled shutoff valves 650, 654, 660, 664, 678 to 
open and close based on the desired operating configuration. 
The controller may also use a control algorithm to determine 
the appropriate temperature setpoints of the first and second 
tanks 612, 630 based on the configuration of the tanks 612. 
630 (e.g. parallel or series). While the mixing valve 668 and 
shutoff valves 650, 654, 660, 664, 678 have been described as 
electronically controllable mixing valves, it is contemplated 
that the valves 668, 650, 654, 660, 664, 678 may be non 
electronically controlled valves. 
0.132. It is contemplated that any number of mixing valves 
may be used with any size of tank and with any number of 
tanks. For each tank the mixing valves are used with, the 
effective hot water capacity may be increased. The amount of 
increase in the hot water capacity may depend on the tem 
perature setpoint of the water within the water tanks 612, 630, 
the temperature of the cold water entering the first and second 
water tanks 612, 630, the temperature of the water exiting the 
first water tank 612 through the water line 616, the tempera 
ture of the water exiting the second water tank 630 through the 
water line 632 and the desired temperature of the water exit 
ing the water outlet 672. 
0.133 While not explicitly shown, it is further contem 
plated that in some instances, the first water tank 612 may 
include a flue gas condensing heat exchanger. In some 
embodiments the flue gas exiting the second water tank 630 
may be directed through the flue 642 and into a heat 
exchanger (not explicitly shown) in the first water tank 612. It 
is contemplated that the heat from the flue gas influe 642 may 
be used in addition to or in place of the gas burner 624. If the 
flue gas heat exchanger is used in place of the gas burner 624, 
it is contemplated that the gas burner 624, combustion gas line 
622, gas source 620, and flue 626 in the first water tank 612 
may not be necessary. The reverse configuration may also be 
used. 
0134. As water heater systems may be provided in a par 

allel tank configuration, a series tank configuration, or 
capable of Switching between the two configurations, addi 
tional controls may be used to optimized how the water heat 
ers function in these different scenarios. FIG. 9 illustrates a 
method 800 for determining whether two or more tanks are in 
series or parallel. As noted above, the illustrative water heater 
system may include controller having the necessarily hard 
ware and software to receive feedback from the water heaters 
as well as to provide control signals to various components of 
the system. The controller may also be configured to analyzed 
data received from the water heater tanks to help optimize the 
performance of the system. 
0135 Using either wired or wireless communication 
between the individual water heat controls, the control soft 
ware may compare how the water temperature on each tank 
behaves during water draw cycles. This may help the control 
ler to determine if the tanks are plumbed in series or in 
parallel. Foras System having two tanks (this is merely exem 
plary, it is contemplated that the system may have any number 
of tanks desired), the controller may monitor the changes in 
temperature (AT) in both the first and second tanks 802 during 
tank draws. The controller may then compare the changes in 
temperature for the first tank and the second tank to determine 
if they are approximately equal (or below a threshold amount) 
804. Simultaneous removal of water from both tanks may 
cause cold water to enter the tanks at approximately the same 
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rate causing the changes in temperature to be approximately 
equal. Thus, the controller determines the tanks are in parallel 
806. The software may then determine a rule for the tempera 
ture setpoints of the first and second tanks 808. It is contem 
plated that there may be several different methods of config 
uring the temperature setpoints of the parallel tanks using the 
existing temperature setpoints. In one instance, the controller 
may apply the higher of two temperature setpoints to both 
tanks. In other instances, the controller may apply the lower 
of two temperature setpoints to both tanks. In yet another 
instance, the controller may average the two temperature 
setpoints and apply the average temperature setpoint to both 
tanks. These are merely examples. It is contemplated that 
once the control system has determined the tanks are in par 
allel any number of temperature setpoints may be applied to 
the tanks. For example, it is not required that both tanks have 
same temperature setpoint. 
0.136. If the tanks are plumbed in series, the water tem 
perature in the first tank would change much more than the 
water temperature in the second tank because cold water is 
replenishing the water drawn from the first tank, while 
warmer water is replenishing the water drawn from the sec 
ond tank. Thus, if the tanks are plumbed in series, the changes 
in temperature for the first tank and the second tank are not 
approximately equal (e.g. greater than a threshold amount). 
Once the control software determines the changes intempera 
ture for the first tank and the second tank are not approxi 
mately equal (e.g. greater than the threshold amount), the 
control software may verify the change in temperature of the 
first tank is greater than the temperature of the second tank 
810. If the control software confirms the change in tempera 
ture of the first tank is greater than the temperature of the 
second tank, it is determined that the tanks are in series 812. 
It is contemplated that if change in temperature of the first 
tank is not greater than the change in temperature of the 
second tank and the changes in temperatures are not approxi 
mately equal, the water heater system may be incorrectly 
installed. The control unit may provide an alert indicating 
further system verification is necessary. 
0.137. Once the control system determines the tanks are in 
series, the software may then determine a rule for the tem 
perature setpoints of the first and second tanks 814. In some 
instances, the Software may apply a setpoint to the second 
water tank that is greater to or equal to the desired output 
temperature. The setpoint of the first tank may be a lower 
temperature than the second tank to optimize the hot water 
capacity and balance the work load between the two tanks. It 
is contemplated that the control Software may also take into 
consideration the presence or mixing valves or multi-stage 
mixing valves, such as the ones described herein, when deter 
mining the temperature setpoints for the tanks in either the 
parallel or series configuration. 
0.138. In some cases, the controller may control a setpoint 
temperature of the first tank and a setpoint temperature of the 
second tank in accordance with a first control algorithm if the 
change in temperature in the first tank is different from the 
change in temperature in the second tank by at least the 
threshold amount, and may control the setpoint temperature 
of the first tank and the setpoint temperature of the second 
tank in accordance with a second control algorithm that is 
different from the first control algorithm if the change in 
temperature in the first tank is not different from the change in 
temperature in the second tank by at least the threshold 
amount. 
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0139. The disclosure should not be considered limited to 
the particular examples described above, but rather should be 
understood to cover all aspects of the disclosure as set out in 
the attached claims. Various modifications, equivalent pro 
cesses, as well as numerous structures to which the disclosure 
can be applicable will be readily apparent to those of skill in 
the art upon review of the instant disclosure. 
What is claimed is: 
1. A water heater system for providing heated water for use 

by occupants of a building, comprising: 
a first water storage tank having a first water inlet and a first 

water outlet; 
a second water storage tankhaving a second water inlet and 

a second water outlet; 
a water line fluidly connecting the first water outlet to the 

second water inlet for transporting water from the first 
water storage tank to the second water storage tank; 

a mixing valve having a first inlet fluidly coupled to the 
second water outlet downstream of the second water 
storage tank, the mixing valve being controllable via a 
communications interface; 

a cold water Supply line in fluid communication with a 
second inlet of the mixing valve; 

a mixed water outlet fluidly coupled to an outlet of the 
mixing valve; and 

a controller for controlling the mixing valve via the com 
munications interface. 

2. The water heater system of claim 1, further comprising a 
temperature sensor positioned in the mixed water outlet and 
in communication with the controller. 

3. The water heater system of claim 2, wherein the control 
ler adjusts a ratio of coldwater entering the mixing valve from 
the cold water Supply line to heated water entering the mixing 
valve from the second water outlet to achieve a desired tem 
perature at the mixed water outlet. 

4. The water heater system of claim3, wherein the control 
ler adjusts the ratio of cold water entering the mixing valve 
from the cold water supply line to heated water entering the 
mixing valve from the second water outlet based on feedback 
received from the temperature sensor. 

5. The water heater system of claim 1, wherein the first 
water storage tank has a setpoint lower than a setpoint of the 
second water storage tank, and the setpoint of the second 
water storage tank is greater than a desired outlet water tem 
perature of the water heater system. 

6. The water heater system of claim 1, further comprising a 
temperature sensor positioned in the cold water Supply line 
and in communication with the controller. 

7. A water heater system, the system comprising: 
a first water storage tank having a first water inlet and a first 

water outlet; 
a second water storage tankhaving a second water inlet and 

a second water outlet; 
a cold water Supply line in fluid communication with the 

first water inlet of the first water storage tank and the 
second water inlet of the second water storage tank; 

a hot water supply line in fluid communication with the first 
water outlet and the second water outlet, wherein water 
from the first water storage tank is mixed with water 
from the second water storage tank in the hot water 
Supply line; 

a mixing valve having a first inlet fluidly coupled to the hot 
water Supply line and a second inlet coupled to the cold 
water Supply line; 
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a mixed water outlet fluidly coupled to an outlet of the 
mixing valve. 

8. The water heater system of claim 7, further comprising a 
controller for controlling the mixing valve via a communica 
tions interface. 

9. The water heater system of claim8, further comprising a 
temperature sensor positioned in the mixed water outlet and 
in electrical communication with the controller, wherein the 
controller adjusts a ratio of cold water entering the mixing 
valve from the cold water supply line to water entering the 
mixing valve from the hot water Supply line to achieve a 
desired temperature at the mixed water outlet. 

10. The water heater system of claim 7, wherein the first 
water storage tank has a setpoint approximately equal to a 
setpoint of the second water storage tank, and the setpoints of 
the first and second water storage tanks are greater than a 
desired outlet water temperature of the water heater system. 

11. The water heater system of claim 9, further comprising 
one or more additional temperature sensors positioned in the 
hot water Supply line and in communication with the control 
ler. 

12. The water heater system of claim 9, further comprising 
a temperature sensor positioned in the cold water Supply line 
and in communication with the controller. 

13. A water heater system, the system comprising: 
a first water storage tank having a first water inlet and a first 

water outlet; 
a second water storage tank having a second water inlet and 

a second water outlet; 
a cold water Supply line in fluid communication with the 

first water inlet of the first water storage tank and the 
second water inlet of the second water storage tank; 

a first hot water supply line in fluid communication with the 
first water outlet of the first water storage tank; 

a first mixing valve having a first inlet fluidly coupled to the 
first hot water Supply line and a second inlet coupled to 
the cold water Supply line, the first mixing valve being 
controllable via a first communications interface; 

a first mixed water outlet fluidly coupled to an outlet of the 
first mixing valve; 

a second hot water Supply line in fluid communication with 
the second water outlet of the second water storage tank; 

a second mixing valve having a first inlet fluidly coupled to 
the second hot water Supply line and a second inlet 
coupled to the first mixed water outlet of the first mixing 
valve, the second mixing valve being controllable via a 
second communications interface; 

a second mixed water outlet fluidly coupled to an outlet of 
the second mixing valve; and 

a controller for controlling the first mixing valve via the 
first communications interface and the second mixing 
valve via the second communications interface. 

14. The water heater system of claim 13, further compris 
ing a first temperature sensor positioned in the second mixed 
water outlet and in electrical communication with the con 
troller, wherein the controller adjusts a ratio of water entering 
the second mixing valve from the first mixed water outlet to 
water entering the second mixing valve from the second hot 
water Supply line to achieve a desired temperature at the 
second mixed water outlet. 

15. The water heater system of claim 14, further compris 
ing a second temperature sensor positioned in the first mixed 
water outlet and in electrical communication with the con 
troller, wherein the controller adjusts a ratio of water entering 
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the first mixing valve from the cold water supply line to water 
entering the first mixing valve from the first hot water supply 
line to achieve a desired temperature at the first mixed water 
outlet. 

16. The water heater system of claim 14, further compris 
ing one or more additional temperature sensors positioned in 
the first or second hot water Supply lines and in communica 
tion with the controller. 

17. The water heater system of claim 14, further compris 
ing a third temperature sensor positioned in the cold water 
Supply line and in communication with the controller. 

18. A water heater system, the system comprising: 
a first water storage tank having a first water inlet and a first 

water outlet; 
a second water storage tankhaving a second water inlet and 

a second water outlet; 
a cold water Supply line in fluid communication with the 

first water inlet of the first water storage tank and the 
second water inlet of the second water storage tank; 

a first hot water supply line in fluid communication with the 
first water outlet of the first water storage tank; 

a first mixing valve having a first inlet fluidly coupled to the 
first hot water Supply line and a second inlet coupled to 
the cold water Supply line, the first mixing valve being 
controllable via a first communications interface; 

a first mixed water outlet fluidly coupled to an outlet of the 
first mixing valve; 

a second hot water Supply line in fluid communication with 
the second water outlet of the second water storage tank; 

a second mixing valve having a first inlet fluidly coupled to 
the second hot water Supply line and a second inlet 
coupled to the cold water Supply line, the second mixing 
valve being controllable via a second communications 
interface; 

a second mixed water outlet fluidly coupled to an outlet of 
the second mixing valve; 

a third mixing valve having a first inlet fluidly coupled to 
the first mixed water output of the first mixing valve and 
a second inlet coupled to the second mixed water output 
of the second mixing valve, the third mixing Valve being 
controllable via a third communications interface; 

a third mixed water outlet fluidly coupled to an outlet of the 
third mixing valve; 

a controller for controlling the first mixing valve via the 
first communications interface, the second mixing valve 
via the second communications interface and the third 
mixing valve via the third communications interface. 

19. The water heater system of claim 18, further compris 
ing a first temperature sensor positioned in the third mixed 
water outlet and in electrical communication with the con 
troller, wherein the controller adjusts a ratio of water entering 
the third mixing valve from the first mixed water outlet to 
water entering the third mixing valve from the second mixed 
water outlet to achieve a desired temperature at the third 
mixed water outlet. 

20. The water heater system of claim 19, further compris 
ing: 

a second temperature sensor positioned in the first mixed 
water outlet and in electrical communication with the 
controller, wherein the controller adjusts a ratio of water 
entering the first mixing valve from the cold water Sup 
ply line to water entering the first mixing valve from the 
first hot water supply line to achieve a desired tempera 
ture at the first mixed water outlet; and 
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a third temperature sensor positioned in the second mixed 
water outlet and in electrical communication with the 
controller, wherein the controller adjusts a ratio of water 
entering the second mixing valve from the cold water 
Supply line to water entering the second mixing valve 
from the second hot water Supply line to achieve a 
desired temperature at the second mixed water outlet. 

21. The water heater system of claim 20, further compris 
ing one or more additional temperature sensors positioned in 
the first or second hot water Supply lines and in communica 
tion with the controller. 

22. The water heater system of claim 20, further compris 
ing a fourth temperature sensor positioned in the cold water 
Supply line and in communication with the controller. 

23. The water heater system of claim 18, wherein the water 
heater system includes three or more water storage tanks and 
four or more mixing valves. 

24. A water heater system for providing heated water for 
use by occupants of a building, comprising: 

a cold water inlet line; 
a hot water outlet line; 
a first water heater having a first water inlet and a first water 

outlet; 
a second water heater having a second water inlet and a 

second water outlet; 
configurable plumbing coupled to the cold water inlet line, 

the hot water outlet line, the first water inlet, the first 
water outlet, the second water inlet and the second water 
outlet, wherein the configurable plumbing includes one 
or more controllable valves that, when in a first state, 
plumb the first water heater and the second water heater 
in a series configuration between the coldwater inlet line 
and the hot water outlet line, and when in a second state, 
plumb the first water heater and the second water heater 
in a parallel configuration between the cold water inlet 
line and the hot water outlet line; and 

a controller for selectively Switching the one or more con 
trollable valves between the first state and the second 
State. 

25. The water heater system of claim 24, wherein the 
controller switches the one or more controllable valves 
between the first state and the second state depending on the 
current or expected load on the water heater system. 

26. The water heater system of claim 24, wherein the 
controller switches the one or more controllable valves 
between the first state and the second state depending on a 
time of day. 

27. The water heater system of claim 24, further compris 
ing one or more additional temperature sensors positioned in 
the first or second hot water Supply lines and in communica 
tion with the controller. 

28. The water heater system of claim 24, further compris 
ing a temperature sensor positioned in the cold water Supply 
line and in communication with the controller. 

29. A method for controlling of a water heater system 
having two or more water storage tanks, the method compris 
ing: 

monitoring a first change in temperature of water in a first 
water storage tank; 

monitoring a second change in temperature of water in a 
second water storage tank; 

determining if the first change in temperature is different 
from the second change in temperature by at least a 
threshold amount; 
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controlling a setpoint temperature of the first water storage 
tank and a setpoint temperature of the second water 
storage tank in accordance with a first control algorithm 
if the first change in temperature is different from the 
second change in temperature by at least the threshold 
amount; and 

controlling the setpoint temperature of the first water stor 
age tank and the setpoint temperature of the second 
water storage tank in accordance with a second control 
algorithm that is different from the first control algo 
rithm if the first change in temperature is not different 
from the second change in temperature by at least the 
threshold amount. 

30. The method of claim 29, wherein the first control algo 
rithm is configured to adjust the setpoint temperature of the 
first water storage tank and the setpoint temperature of the 
second water storage tank to be substantially the same tem 
perature setpoint. 

31. The method of claim 30, wherein the second control 
algorithm is configured to adjust the setpoint temperature of 
the first water storage tank to be less than the setpoint tem 
perature of the second water storage tank. 

32. A water heater system, the system comprising: 
a water storage tank having a cold water inlet and a hot 

water outlet; 
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a cold water Supply line in fluid communication with the 
cold water inlet; 

a mixing valve having a first inlet fluidly coupled to the hot 
water outlet and a second inlet coupled to the cold water 
Supply line, the mixing Valving having an electrical con 
trol input; 

a mixed water outlet fluidly coupled to an outlet of the 
mixing valve; 

a temperature sensor, and 
a controller in electrical communication with the tempera 

ture sensor for controlling the mixing valve via the elec 
trical control input at the mixing valve. 

33. The water heater system of claim 32, wherein the 
temperature sensor includes a first temperature sensor posi 
tioned in the mixed water outlet, wherein the controller 
adjusts a ratio of cold water entering the mixing valve from 
the cold water Supply line to water entering the mixing valve 
from the hot water outlet to achieve a desired temperature at 
the mixed water outlet. 

34. The water heater system of claim 33, further compris 
ing a second temperature sensor positioned in the hot water 
outlet and in communication with the controller. 

35. The water heater system of claim 34, further compris 
ing a third temperature sensor positioned in the cold water 
Supply line and in communication with the controller. 
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