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SYSTEM AND METHOD FOR EVALUATING
CHANGES IN THE EFFICIENCY OF AN
HVAC SYSTEM

INCORPORAITON BY REFERENCE TO ANY
PRIORITY APPLICATIONS

Any and all applications for which a foreign or domestic
priority claim 1s i1dentified 1n the Application Data Sheet, or
any correction thereto, are hereby incorporated by reference
into this application under 37 CFR 1.57.

BACKGROUND OF THE INVENTION

Field of the Invention

This 1nvention relates to the use of thermostatic HVAC
controls that are connected to a computer network. More
specifically, communicating thermostats are combined with
a computer network in order to evaluate changes in the
operational efliciency of an HVAC system over time.

Background

Climate control systems such as heating and cooling

systems for buildings (heating, ventilation and cooling, or
HVAC systems) have been controlled for decades by ther-
mostats. At the most basic level, a thermostat includes a
means to allow a user to set a desired temperature, a means
to sense actual temperature, and a means to signal the
heating and/or cooling devices to turn on or off in order to
try to change the actual temperature to equal the desired
temperature. The most basic versions of thermostats use
components such as a coiled bi-metallic spring to measure
actual temperature and a mercury switch that opens or
completes a circuit when the spring coils or uncoils with
temperature changes. More recently, electronic digital ther-
mostats have become prevalent. These thermostats use
solid-state devices such as thermistors or thermal diodes to
measure temperature, and microprocessor-based circuitry to
control the switch and to store and operate based upon
user-determined protocols for temperature vs. time.

These programmable thermostats generally offer a very
restrictive user interface, limited by the cost of the devices,
the limited real estate of the small wall-mounted boxes, and
the 1nability to take into account more than two variables:
the desired temperature set by the user, and the ambient
temperature sensed by the thermostat. Users can generally
only set one series of commands per day, and in order to
change one parameter (e.g., to change the late-night tem-
perature) the user often has to cycle through several other
parameters by repeatedly pressing one or two buttons.

Because the interface of programmable thermostats 1s so
poor, the significant theoretical savings that are possible
with them (sometimes cited as 25% of heating and cooling
costs) are rarely realized. In practice, studies have fund that
more than 50% of users never program their thermostats at
all. Significant percentages of the thermostats that are pro-
grammed are programmed sub-optimally, 1n part because,
once programmed, people tend to not to re-invest the time
needed to change the settings very often.

A second problem with standard programmable thermo-
stats 1s that they represent only a small evolutionary step
beyond the first, purely mechanical thermostats. Like the
first thermostats, they only have two nput signals—ambient
temperature and the preset desired temperature. The entire
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advance with programmable thermostats 1s that they can
shift between multiple present temperatures at different
times.

SUMMARY OF THE INVENTION

There are many other sources of information that could be
used to increase comiort, decrease energy use, or both. For
example, outside temperature and humidity strongly aflect
subjective comifort. On a 95 degree, 90 percent humidity day
in August, when people tend to dress 1n lightweight clothing,
a house cooled to 70 degrees will feel cool or even uncom-
fortably cold. On a below-freezing day in January, when
people tend to wear sweaters and heavier clothes, that same
70 degree home will feel too warm. It would therefore be
advantageous for a thermostat system to automatically
incorporate information about external weather conditions
when setting the desired temperature.

Thermostats are used to regulate temperature for the
benefit of the occupants 1n a given space. (Usually this
means people, but 1t can of course also mean critical
equipment, such as 1 a room filled with computer equip-
ment.) In general, thermostats read temperature from the
sensor located within the “four corners™ of the thermostat.
With a properly designed system, the thermostat may well be
located such that the temperature read at the precise location
of the thermostat accurately reflects the conditions where the
human (or other) occupants tend to be. But there are many
reasons and circumstances 1n which that will not be the case.
A single thermostat may produce accurate readings 1n some
circumstances but not others; it may be located 1n a place far
from the occupants, or too far from the ductwork controlled
by the thermostat, etc. In one house, for example, the
thermostat may be located in a spot that receives direct
sunlight on hot afternoons. This could cause the thermostat
to sense that the local ambient temperature 1s extremely
high, and as a result signal the A/C to run too long, making
the rest of the home too cold, and wasting considerable
energy. In another house, the thermostat may be located 1n
a hallway without ductwork or where the nearby ducts have
been closed. In such a scenario, the thermostat 1s likely to
(correctly) report cold temperatures 1n the winter, leading
the heating system to overheat the rest of the house and
waste considerable energy.

These problems can be reduced or eliminated through use
of additional remote temperature sensors connected to the
thermostat’s control circuitry. However, such systems
require additional hardware, additional thermostat complex-
ity, and skilled installation and configuration.

It would therefore be desirable for a thermostat system
using only a single temperature sensor to take such sub-
optimal 1nstallations into account and to correct for the
erroneous readings generated by such thermostats.

Different structures will respond to changes 1n conditions
such as external temperature 1n different ways. For example,
houses built 50 or more years ago will generally have little
or no insulation, be poorly sealed, and have simple single-
glazed windows. Such houses will do a very poor job of
retaining internal heat in the winter and rejecting external
heat 1n the summer. In the absence of applications of thermal
measures such as heating and air conditioning, the inside
temperature 1n such houses will trend to track outside
temperatures very closely. Such houses may be said to have
low thermal mass. A house built 1n recent years, using
contemporary techniques for energy efliciency such as high
levels of insulation, double-glazed windows and other tech-
niques, will, 1n the absence of intervention, tend to absorb
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external heat and release internal heat very slowly. The
newer house can be thought of as having higher thermal
mass than the older house.

A conventional thermostat has no mechanism by which it
might take the thermal mass of the structure into account,
but thermal mass significantly affects many parameters
relating to energy etliciency.

The cost to an electric utility to produce power varies over
time. Indeed, the cost of production between low demand
and peak demand periods can vary by as much as an order
of magnitude. Traditionally, residential customers paid the
same price regardless of time or the cost to produce. Thus
consumers have had little financial incentive to reduce
consumption during periods of high demand and high pro-
duction cost. Many electric utilities are now seeking to bring
various forms of variable rates to the retail energy markets.
Under such schemes, consumers can reduce costs by taking
into account not just how much energy they use, but when
they use 1t.

Thus many consumers now can see real benefits from
optimizing not just the total number of kilowatt-hours of
electricity consumed, but also optimizing when 1t 1s used.
The optimum strategy for energy use over time will vary
based upon many variables, one of which 1s the thermal
mass of the structure being heated or cooled. In a structure
with high thermal mass, heating and cooling can effectively
be shifted away from high cost periods to lower cost
“shoulder” periods with little or no eflect on comiort. If, for
example, a utility charges much higher rates on hot summer
afternoons, it 1s likely that pre-cooling a high-thermal mass
structure just before the high-cost period and then shutting
down the air conditioning during the peak will allow the
house to remain comifortable. But in a house with low
thermal mass, the benefits of pre-cooling will quickly dis-
sipate, and the house will rapidly become uncomiortable 11
the air conditioming 1s shut off. Thus 1t would be advanta-
geous for a temperature control system to take thermal mass
into account when setting desired temperatures.

Many factors aflect the efliciency of HVAC systems.
Some may be thought of as essentially fixed, such as the
theoretical efliciency of a central air conditioner (often
expressed as 1ts SEER rating), the matching of a given
system to the characteristics of a given home, the location
and size of forced-air ductwork, etc. Other contributors to
efliciency are more dynamic, such as clogged filters, refrig-
erant leaks, duct leakage and “pop-ofls,” and the like.

Most of these problems are likely to manifest themselves
in the form of higher energy bills. But the “signature” of
cach different problem can be discerned from the way in
which each such problem aflects the cycle times of a given
HVAC system over time and relative to weather conditions
and the performance of other HVAC systems in other
houses. If two otherwise 1dentical houses are located next
door to each other and have gas furnaces, but one 1s rated at
50,000 BTUs and the other 1s rated at 100,000 BTUs, the
cycle times for the higher-capacity furnace should be shorter
than for the lower-capacity unit. If both of those same houses
have identical furnaces, but one has a clogged filter, the
cycle times should be longer 1n the house with the clogged
filter. Because cycling of the HVAC system 1s controlled by
the thermostat, those differences i1n cycle time would be
reflected 1n the data sensed by and control signals generated
by the thermostat. It would be advantageous for a thermostat
system to be able to use that information to diagnose
problems and make recommendations based upon that data.

These needs are satisfied by at least one embodiment of
the 1nvention that includes a system for calculating a value
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for the eflective thermal mass of a building comprising: at
least one HVAC control system that measures temperature at
at least a first location conditioned by said HVAC system,
and reporting said temperature measurements as well as the
status of said HVAC control system; one or more processors
that receive measurements of outside temperatures from at
least one source other than said HVAC control systems and
compare said temperature measurements from said first
location with expected temperature measurements wherein
the expected temperature measurements are based at least in
part upon past temperature measurements obtained by said
HVAC control system and said outside temperature mea-
surements; and one or more databases that store at least said
temperatures measured at said first location over time;
calculating one or more rates of change in temperature at
said first location; and relating said calculated rates of
change to said outside temperature measurements.

Another embodiment includes a system for calculating a
value for the operational efliciency of an HVAC system
comprising at least one HVAC control system that measures
temperature at at least a first location conditioned by said
HVAC system, and reporting said temperature measure-
ments as well as the status of said HVAC control system; one
or more processors that receive measurements of outside
temperatures from at least one source other than said HVAC
control systems and compare said temperature measure-
ments from said first location with expected temperature
measurements wherein the expected temperature measure-
ments are based at least in part upon past temperature
measurements obtained by said HVAC control system and
said outside temperature measurements; and one or more
databases that store at least said temperatures measured at
said first location over time; calculating one or more rates of
change 1n temperature at said first location for periods
during which the status of the HVAC system i1s “on’;
calculating one or more rates of change 1n temperature at
said first location for periods during which the status of the
HVAC system 1s “off”’; and relating said calculated rates of
change to said outside temperature measurements.

A further embodiment includes a system for evaluating
changes 1n the operational efliciency of an HVAC system
over time comprising at least one HVAC control system that
measures temperature at at least a first location conditioned
by said HVAC system, and reporting said temperature
measurements as well as the status of saad HVAC control
system; one or more processors that receive measurements
of outside temperatures from at least one source other than
said HVAC control systems and compare said temperature
measurements from said first location with expected tem-
perature measurements wherein the expected temperature
measurements are based at least 1n part upon past tempera-
ture measurements obtained by said HVAC control system
and said outside temperature measurements; and one or
more databases that store at least said temperatures mea-
sured at said first location over time.

A further embodiment includes a system for detecting and
correcting for anomalous behavior in HVAC control systems
comprising a first HVAC control system that measures
temperature at at least a first location conditioned by said
first HVAC system, and reporting said temperature measure-
ments as well as the status of said first HVAC control
system; at least a second HVAC control system that mea-
sures temperature at at least a second location conditioned
by said second HVAC system, and reporting said tempera-
ture measurements as well as the status of said second
HVAC control system; one or more processors that receive
measurements of outside temperatures from at least one
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source other than said first and second HVAC control
systems and compare said temperature measurements from

said first HVAC controls system and said second HVAC
control system and said outside temperature measurements;
and one or more databases that store said temperatures
measurements.

In at least one embodiment, the invention comprises a
thermostat attached to an HVAC system, a local network
connecting the thermostat to a larger network such as the
Internet, and one or more additional thermostats attached to
the network, and a server in bi-directional communication
with a plurality of such thermostats. The server logs the
ambient temperature sensed by each thermostat vs. time and
the signals sent by the thermostats to their HVAC systems.
The server preferably also logs outside temperature and
humidity data for the geographic locations for the buildings
served by the connected HVAC systems. Such information
1s widely available from wvarious sources that publish
detailled weather information based on geographic areas
such as by ZIP code. The server also stores other data
aflecting the load upon the system, such as specific model of
HVAC system, occupancy, building characteristics, etc.
Some of this data may be supplied by the individual users of
the system, while other data may come from third-party
sources such as the electric and other utilities who supply
energy to those users.

Combining these data sources will also allow the server to
calculate the effective thermal mass of the structures con-
ditioned by those thermostats. By combining data from
multiple thermostats 1n a given neighborhood, the system
can correct for flaws 1n the location of a given thermostat,
and can evaluate the efliciency of a given system, as well as
assist 1n the diagnosis of problems and malfunctions 1n such
systems.

This and other advantages of certain embodiments of the
invention are explained in the detailed description and
claims that make reference to the accompanying diagrams
and flowcharts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of an overall environment in
which an embodiment of the invention may be used.

FIG. 2 shows a high-level illustration of the architecture
of a network showing the relationship between the major
clements of one embodiment of the subject invention.

FIG. 3 shows an embodiment of the website to be used as
part of the subject invention.

FIG. 4 shows a high-level schematic of the thermostat
used as part of the subject invention.

FIG. § shows one embodiment of the database structure
used as part of the subject invention

FIGS. 6a and 6b show graphical representations of inside
and outside temperatures in two different homes, one with
high thermal mass and one with low thermal mass.

FIGS. 7a and 7b show graphical representations of inside
and outside temperatures in the same homes as 1n FIGS. 6a
and 6b, showing the cycling of the air conditioning systems
in those houses.

FIGS. 8a and 85 show graphical representations of inside
and outside temperatures 1n the same home as in FIGS. 6a
and 7a, showing the cycling of the air conditioning on two
different days 1n order to demonstrate the effect of a change
in operating efliciency on the parameters measured by the
thermostat.

FIGS. 9a and 956 show the eflects of employing a pre-
cooling strategy 1n two different houses.
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FIGS. 10a and 105 show graphical representations of
inside and outside temperatures in two different homes 1n
order to demonstrate how the system can correct for erro-
neous readings in one house by referencing readings in
another.

FIG. 11 1s a flowchart illustrating the steps ivolved in
calculating the effective thermal mass of a home using the
subject invention.

FIG. 12 1s a flowchart 1llustrating the steps involved 1n
determining whether an HVAC system has developed a
problem that impairs efliciency using the subject invention.

FIG. 13 1s a flowchart illustrating the steps involved 1n
correcting for erroneous readings 1n one house by referenc-
ing readings in another using the subject imvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows an example of an overall environment 100
in which an embodiment of the invention may be used. The
environment 100 includes an interactive communication
network 102 with computers 104 connected thereto. Also
connected to network 102 are one or more server computers
106, which store information and make the information
available to computers 104. The network 102 allows com-
munication between and among the computers 104 and 106.

Presently preferred network 102 comprises a collection of
interconnected public and/or private networks that are linked
to together by a set of standard protocols to form a distrib-
uted network. While network 102 1s intended to refer to what
1s now commonly referred to as the Internet, 1t 1s also
intended to encompass variations which may be made 1n the
future, including changes additions to existing standard
protocols.

When a user of the subject invention wishes to access
information on network 102, the buyer initiates connection
from his computer 104. For example, the user mvokes a
browser, which executes on computer 104. The browser, in
turn, establishes a communication link with network 102.
Once connected to network 102, the user can direct the
browser to access information on server 106.

One popular part of the Internet 1s the World Wide Web.
The World Wide Web contains a large number of computers
104 and servers 106, which store HyperText Markup Lan-
guage (HTML) documents capable of displaying graphical
and textual information. HIML 1s a standard coding con-
vention and set of codes for attaching presentation and
linking attributes to informational content within docu-
ments.

The servers 106 that provide offerings on the World Wide
Web are typically called websites. A website 1s often defined
by an Internet address that has an associated electronic page.
Generally, an electronic page 1s a document that organizes
the presentation of text graphical images, audio and video.

In addition to the Internet, the network 102 can comprise
a wide variety of interactive communication media. For
example, network 102 can include local area networks,
interactive television networks, telephone networks, wire-
less data systems, two-way cable systems, and the like.

In one embodiment, computers 104 and servers 106 are
conventional computers that are equipped with communi-
cations hardware such as modem or a network interface
card. The computers include processors such as those sold
by Intel and AMD. Other processors may also be used,
including general-purpose processors, multi-chip proces-
sors, embedded processors and the like.
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Computers 104 can also be handheld and wireless devices
such as personal digital assistants (PDAs), cellular tele-
phones and other devices capable of accessing the network.

Computers 104 utilize a browser configured to interact
with the World Wide Web. Such browsers may include

Microsoit Explorer, Mozilla, Firefox, Opera or Safari. They
may also include browsers used on handheld and wireless
devices.

The storage medium may comprise any method of storing
information. It may comprise random access memory
(RAM), electronically erasable programmable read only
memory (EEPROM), read only memory (ROM), hard disk,

floppy disk, CD-ROM, optical memory, or other method of
storing data.
Computers 104 and 106 may use an operating system

such as Microsoit Windows, Apple Mac OS, Linux, Unix or
the like.

Computers 106 may include a range of devices that
provide information, sound, graphics and text, and may use
a variety of operating systems and software optimized for
distribution of content via networks.

FIG. 2 1llustrates 1n further detail the architecture of the
specific components connected to network 102 showing the
relationship between the major elements of one embodiment
of the subject invention. Attached to the network are ther-
mostats 108 and computers 104 of various users. Connected
to thermostats 108 are HVAC units 110. The HVAC units
may be conventional air conditioners, heat pumps, or other
devices for transferring heat into or out of a building. Each
user 1s connected to the server 106 via wired or wireless
connection such as Ethernet or a wireless protocol such as
IEEE 802.11, a gateway 110 that connects the computer and
thermostat to the Internet via a broadband connection such
as a digital subscriber line (DSL) or other form of broadband
connection to the World Wide Web. Server 106 contains the
content to be served as web pages and viewed by computers
104, as well as databases containing information used by the
Servers.

In the currently preferred embodiment, the website 200
includes a number of components accessible to the user, as
shown 1n FIG. 3. Those components may include a means to
enter temperature settings 202, a means to enter information
about the user’s home 204, a means to enter the user’s
electricity bills 206, means to calculate energy savings that
could result from various thermostat-setting strategies 208,
and means to enable and choose between various arrange-
ments 210 for demand reduction with their electric utility
provider as mtermediated by the demand reduction service
provider.

FIG. 4 shows a high-level block diagram of thermostat
108 used as part of the subject invention. Thermostat 108
includes temperature sensing means 252, which may be a
thermistor, thermal diode or other means commonly used in
the design of electronic thermostats. It includes a micropro-
cessor 254, memory 256, a display 258, a power source 260,
a relay 262, which turns the HVAC system on and off in
response to a signal from the microprocessor, and contacts
by which the relay 1s connected to the wires that lead to the
HVAC system. To allow the thermostat to communicate
bi-directionally with the computer network, the thermostat
also includes means 264 to connect the thermostat to a local
computer or to a wireless network. Such means could be 1n

the form of Ethernet, wireless protocols such as IEEE
802.11, IEEE 802.15.4, Bluetooth, cellular systems such as
CDMA, GSM and GPRS, or other wireless protocols. The

thermostat 250 may also include controls 266 allowing users
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to change settings directly at the thermostat, but such
controls are not necessary to allow the thermostat to func-
tion.

The data used to generate the content delivered in the
form of the website 1s stored on one or more servers 106
within one or more databases. As shown in FIG. 5, the
overall database structure 300 may include temperature
database 400, thermostat settings database 500, energy bill
database 600, HVAC hardware database 700, weather data-
base 800, user database 900, transaction database 1000,
product and service database 1100 and such other databases
as may be needed to support these and additional features.

The website will allow users of connected thermostats
250 to create personal accounts. Each user’s account will
store information i1n database 900, which tracks various
attributes relative to users of the site. Such attributes may
include the make and model of the specific HVAC equip-
ment 1n the user’s home; the age and square footage of the
home, the solar orientation of the home, the location of the
thermostat 1n the home, the user’s preferred temperature
settings, whether the user 1s a participant in a demand
reduction program, etc.

As shown 1n FIG. 3, the website 200 will permit thermo-
stat users to perform through the web browser substantially
all of the programming functions traditionally performed
directly at the physical thermostat, such as temperature set
points, the time at which the thermostat should be at each set
point, etc. Preferably the website will also allow users to
accomplish more advanced tasks such as allow users to
program 1n vacation settings for times when the HVAC
system may be turned ofl or run at more economical settings,
and set macros that will allow changing the settings of the
temperature for all periods with a single gesture such as a
mouse click.

In addition to using the system to allow better signaling
and control of the HVAC system, which relies primarily on
communication running from the server to the thermostat,
the bi-directional communication will also allow the ther-
mostat 108 to regularly measure and send to the server
information about the temperature in the building. By com-
paring outside temperature, inside temperature, thermostat
settings, cycling behavior of the HVAC system, and other
variables, the system will be capable of numerous diagnostic
and controlling functions beyond those of a standard ther-
mostat.

For example, FIG. 6a shows a graph of 1inside temperature
and outside temperature for a 24-hour period 1n House A,
assuming no HVAC activity. House A has double-glazed
windows and 1s well-insulated. When outside temperature
302 increases, inside temperature 304 follows, but with
significant delay because of the thermal mass of the buld-
ng.

FIG. 65 shows a graph of inside temperature and outside
temperature for the same 24-hour period 1n House B. House
B 1s identical to House A except that it (1) 1s located a block
away and (1) has single-glazed windows and 1s poorly
insulated. Because the two houses are so close to each other,
outside temperature 302 1s the same 1n FIG. 6a and FIG. 65.
But the lower thermal mass of House B means that the rate
at which the inside temperature 306 changes in response to
the changes 1n outside temperature 1s much greater.

The differences 1n thermal mass will affect the cycling
behavior of the HVAC systems in the two houses as well.
FIG. 7a shows a graph of inside temperature and outside
temperature 1n House A for the same 24-hour period as
shown 1n FIG. 6a, but assuming that the air conditioning 1s
being used to try to maintain an internal temperature of 70



