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Heating and cooling to maintain temperature 

during weather changes are the primary 
cause for both daily and seasonal peaks in 

energy consumption.  

Not only is the cost of heating or cooling a home the 

largest component of the overall energy bill, heating 

and cooling equipment have considerable daily and 

seasonal variation in consumption patterns. Utilities 

must have adequate power generation to cover the 

most extreme days of the year. Some power plants are 

constructed to meet this demand and operate only a 

few hours a year, when the demand for electricity is at 

its peak. 

RESiDEntiAl EnERgy ConSumPtion

Sponsored By EcoFactor 

How Residential Energy is Used
U.S. Households

Source: U.S. Department of Energy  |  © Parks Associates
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The u.S. Department of Energy 
estimates that 43% of the Energy 
coNsumed by resideNtial households  

goes to heating and cooling the home. 

In some regions 
in the U.S, the 

percentage 
exceeds 50%.

During peak summer temperatures, air conditioners run 90-100% of 

the time to keep pace with the peak heat load condition.1

because heating and cooling are the largest component of the 

overall energy bill and contribute the most to the variability in de-

mand at different times of day and days of the year, there is a huge 

opportunity for heating and cooling controls that would reduce 

both the base cost and the variability. 

Residential Load Variability

©
 EcoFactor

Residential 27.4%
(~8,500 MW)

Residential 51.2%
(~35,500 MW)

Small Commercial 
28.9%

Small Commercial 
25.2%

Large C&l
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Wed, Mar 9, 2011 5:15 PM
ERCOT Load: 31,262 MW

Temperature 
in Dallas 64˚

Wed, Aug 3, 2011 5:00 PM
ERCOT Load: 68,416 MW

Temperature 
in Dallas 109˚
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Evolution of HEAting & Cooling ContRol SolutionS

While the hVac industry has expended considerable time and 

effort into improving equipment performance and the building 

industry improved building efficiency, the operation and control 

of equipment remain in the hands of the consumer.

unfortunately, the average consumer does not understand 

the operation of heating and cooling equipment; one example 

is the consumer tendency to believe, erroneously, that if the 

temperature set point is increased by several degrees, then the 

home temperature will change faster than if the temperature 

was changed by a single degree. This misunderstanding leads to 

significant waste.

Programmable ThermosTaTs 

most programmable thermostats allow the user to change the 

temperature setting for four different periods during the day. 

Users can program an awake time, a leave time, a return time, 

and a sleep time for each day. The savings from using a pro-

grammable thermostat are based on the setback temperature 

settings. Since the amount of heat flow between the inside and 

outside of a home is proportional to the temperature difference 

between inside and outside, increasing or decreasing the unoc-

cupied temperature set point affects energy usage. 

this figure shows how a typical programmable thermostat 

changes temperature set points to reduce energy consumption 

in the summer. 

even though most thermostats sold today are programmable, 

not everyone takes advantage of the programmable features. 

According to a Q4 2011 U.S. survey from 

Parks Associates, 54% of broadband house-
holds own a programmable thermostat. 

however, only 44% are highly confident 

that it is optimally programmed.  

the user interface for most lcd screens is not easily understood. 

Confused users do not want to take the chance to program their 

system and come home to a cold house in the middle of winter.

efforts to give consumers tools to conserve by programming 

their thermostat have not been effective. Complexity associ-

ated with programming and variability in personal schedules prevents 

many from capturing the potential savings from changing the set 

point temperature during periods when the home is not occupied.

©
 EcoFactor
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away FeaTure 

since much of the savings from the use of a programmable 

thermostat comes from programming a setback temperature 

during unoccupied periods, if a household does not have a period 

when everyone is away from the home consistently, the homeowner 

cannot take advantage of that feature and the resulting savings.

some new thermostats have a single button that works just 

like turning off the lights on the way out the door, allowing the 

consumer to set back the temperature by 2 to 4 degrees while 

they are out. When they return home, the homeowner can sim-

ply return the temperature to the normal set point. Because the 

temperature was set back by only a few degrees, the system is 

generally able to restore the home to the comfortable tempera-

ture quickly.

While this feature can help homeowners save money, it re-

quires them to remember to use it and to make the effort to walk 

to the thermostat and press the button before leaving. Since 

thermostats are installed in central locations in the home that 

reflect the overall temperature, they are generally not located 

near the main entry door. There may be one on the first floor and 

another on the second floor, requiring users to make a special trip 

to set back the thermostat when they leave. 

Therefore, only a small percentage of users actually 

use the away feature.  

adaPTive home/away algoriThm 

another issue with programming a specific time that everyone 

leaves the home and everyone returns is that people do not 

always leave and return at the same time every day. So on the 

days that they return home early during the winter, their house is 

too cold. On the days that they work late, the home is heated un-

necessarily early, wasting money. If the thermostat understands 

the precise time when someone leaves and returns to the home, 

it can eliminate these problems.

There are several approaches that use manual 
inputs or separate devices or sensors to measure 
the time of departure and return. 

the first method requires the owner to notify the system 

when they leave and plan to return. New systems use smart-

phone applications to simplify this task. 

aNother method involves using the GPS position of a mobile 

phone to know when someone has left the home and to esti-

mate the return time based on mobile phone movement. The 

GPS in a car could be used in the same way.

a third method uses sensors, either within the thermostat or 

as part of a security system, to detect when someone is home. 

Electric meters can also be used in conjunction with other sen-

sors to determine occupancy.

understanding the precise departure and return times allows 

the system to adapt to the variability in an individual’s schedule. 

As with the away feature in the thermostat, systems that require 

human interaction are less likely to be utilized. 

© EcoFactor

Variability in Actual Timing 
vs. Programmed Timing
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systems that  
automatically 

 adapt to occupant behavior 
would allow for a more effective 

approach to eliminating waste. 
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oPTimum away TemPeraTure seTTing 

In previous examples, the setback temperature is set to 85°F. 

the ideal setback temperature for each house depends on the 

weather, the building, and equipment performance. Therefore, 

the best setback temperature varies for each day of the year.

For many homes, the best setback temperature is simply the 

highest temperature that allows the system to recover to the 

comfort setting by the return time. 

From an energy perspective, the best temperature 

would eliminate all cycling at the setback temperature.  

The home temperature would drift up until the air conditioner 

must turn on in order to recover the home temperature to the 

occupied set point.

In this example, the temperature set point was set to 85°F. But 

the ideal setting for this day was 86°F.

because there is no good method for consumers to know what 

the best setback temperature is for their home on a given 

day, they are left to guess and, as a result, may waste energy 

by keeping their home too cool during unoccupied periods or 

cause discomfort by allowing their home to get too hot for the 

system to recover.

oPTimizing human comForT 

human comfort is dependent on many factors in addition to 

temperature. Humidity plays a big factor. In summer, 98% of 

people are satisfied with a temperature setting of 80°F at 20% 

humidity, 75° at 60% humidity, and 72° at 90% humidity.

setting a thermostat to a constant temperature 
setting, regardless of the humidity, will result in 

discomfort, wasted energy, or both. 

one day 75°f will feel fine. the next day it will feel too hot or 

too cold, causing the occupant to manually change the tem-

perature setting.

because most thermostats do not sense humidity, they do not 

control based on the combination of temperature and humid-

ity. They control using temperature, and therefore owners must 

make manual adjustments to maintain comfort. Since humidity 

changes throughout the day, temperature set points must also 

change to maintain comfort.

humidity is not the only factor that impacts comfort. Radiant 

temperature, the temperature of the floors, ceilings, and walls 

in a room, also has a large impact. The amount of air flow in a 

room is another key factor. At higher radiant levels, people feel 

comfortable at lower temperatures. Similarly, at higher air flows, 

people feel comfortable at higher temperatures.

human comfort is not only dependent on environmental fac-

tors. Activity level impacts comfort as well. Comfort is determined 

by how easy it is for the body to maintain a constant temperature. 

When active, the body generates more heat and needs a cooler 

climate to maintain comfort. When inactive, the body generates 

less heat and can maintain comfort at a higher temperature.

Given the multiple environmental and personal factors that 

determine an individual’s comfort level, no thermostat control 

algorithm is able to make changes automatically to account for 

all of these factors. 

As a result, energy is wasted overcooling 

homes. a new approach is needed. 

© EcoFactor
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nEW SolutionS

The cost to heat and cool a home is a function of equipment efficiency, building efficiency, 

and operation. 

is a measure of the performance of the furnace and air-conditioning equipment and ducting. 

the efficiency of the building is a measure of the insulation from outdoor temperatures and 
radiant energy as well as how airtight the building is. 

the third factor, operation, is a measure of how the consumer uses and controls the system by 
turning it on or off and setting temperatures. 

EquipmEnt EfficiEncy

Building EfficiEncy

opEration

New solutions use weather information and the operating history of the 

thermostat to build a mathematical model of equipment performance 

and building performance. Those models, together with programming and 

user inputs such as manual adjustments, are then used to determine the 

best set point for each time period in the day, automatically making small 

changes to minimize energy consumption without sacrificing comfort.

Models are also used to inform load shifting during 

demand response events. 

For example, the model can calculate the best temperature to pre-cool 

a home during summer, allowing the system to remain off during peak 

times. Other uses include notifying the home dweller when there is a 

change in building or equipment performance. Notifications can be some-

thing simple such as informing users to close a window when the air con-

ditioner is on or to replace an air filter. They can also be notifications such as 

alerts about degraded equipment performance. These analytics are valu-

able to both the homeowner and service contractors.

New data analytic systems add control capabilities to information gath-

ering. With both superior intelligence and control, data analytics-based 

control provides a knowledge-based automation approach to the problem. 

© EcoFactor
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data analytics presents a new approach  

to address this problem.  
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DAtA AnAlytiCS & moDEling

The behavior of a given home can be modeled in several 

ways. There are physical models that describe the thermal prop-

erties of the home and behavioral models that describe the oc-

cupancy and comfort of the inhabitants. The physical models of 

the home are created using a mountain of data collected each 

minute of the day from the thermostat and weather data sourc-

es. The thermostat provides the current set point and actual 

temperature in increments as fine as 0.2°F, the system operat-

ing mode, and the operating state (running, 1st, 2nd stage, etc.).

Weather data includes outside temperature, radiant load, 

humidity, and wind speed and direction. This data feeds a 

thermodynamic model of the home that can be used to pre-

dict the rate of temperature change when the system is run-

ning and when it is off. The input data and the thermodynamic 

model are then used to model system runtime.

The models understand the impact of different runtimes. 

Short run times, when the furnace cycles on for only a few 

minutes and then off, are sufficient to raise the air temperature 

only. Longer run times not only heat the air but can begin to 

store energy in the thermal mass of the home. Conversely, 

longer off times allow the air temperature to draw from the 

stored energy in the thermal mass and shorter off times reflect 

air temperature decreases due to higher loads.

A combination of inverse modeling techniques is used to 

create the physical model. The intellectual property that ena-

bles EcoFactor to develop a model based on only thermostat 

data and external data sources such as weather differentiates 

it well in the market. 

Prior to the EcoFactor approach, a home would have to be 

outfitted with 30-40 sensors costing thousands of dollars to 

accomplish similar results. 

EcoFactor’s proprietary modeling is effective with a single 

sensor in the home, the thermostat. EcoFactor’s intellectual 

property includes nine patents with broad coverage across 

connected devices and cloud computing, giving them a 

dominant position in this space.

Comfort Model 
While data analysis and the resulting building and equip-

ment performance models have many advantages over 

basic thermostat controls, EcoFactor has also developed a 

novel approach to tackling the waste associated with over 

cooling or heating a space. Behavior or comfort models are 

developed by modeling occupancy patterns and recording 

all factors that impact human comfort including temperature, 

humidity, and radiant energy.

In addition the models extract every speck of information 

possible from manual adjustments to the thermostat. The 

EcoFactor behavior models are continuously updated with a 

learning layer that evaluates new data and updates all of the 

individual models for the home. While the physical models 

have a plethora of data from which to develop the model, the 

behavior model has less information and therefore uses artifi-

cial intelligence to create the model.  The EcoFactor algorithm 

acknowledges the uncertainty that comes from insufficient 

data and continually incorporates new data to refine and rein-

force the model. The learning layer provides updates as more 

data is gathered. When the model encounters a new situation, 

where the original model was extrapolated, the machine learn-

ing system replaces the extrapolated portion of the model with 

the updated factors at the new conditions. 

For example, a model may be extrapolated to define the im-

pact of an outside temperature of 105 degrees, but the precise 

changes in behavior and the thermal changes are updated 

on the one day of the summer when temperatures reach 105 

degrees. Similarly, initial behavior models may have to be ex-

trapolated for demand response events, but those models are 

refined after the system learns from each event.

ecofactor, a leader in data analytics for 

residential energy management, uses a 

combination of thermodynamic modeling 

and data mining to develop a unique model 

for each individual thermostat.

Physical models 
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DAtA AnAlytiCS & moDEling

Ecofactor’s Knowledge-Based Automation

1. Equipment Performance Anomaly Detection 

After the equipment performance model is defined, any varia-

tion in actual performance as compared to the model can be 

identified and that information passed to the homeowner and 

used to adjust operation. The analytics engine can detect minor 

degradation of equipment performance due to conditions such 

as a clogged air filter or a small leak in refrigerant as well as more 

severe system performance issues due to damaged duct work, a 

damaged blower motor, etc.

2. Building Performance Anomaly Detection 

Building performance anomalies can also be identified. The sys-

tem can measure the impact of adding new insulation or replac-

ing windows on the overall building performance. Changes to 

the building performance over time can also be detected. 

3. Optimum Unoccupied Setback Temperature 

With models for building and equipment performance in hand, 

the knowledge based automation system is able to make smart 

decisions, calculating the ideal setback temperature for unoc-

cupied periods. The calculations use weather forecasts to predict 

temperature rise. It also uses the building performance model that 

includes the impact of thermal mass of the home to understand 

when the system must start for the temperature of the home to 

be at a comfortable level by the time people return home.

4. Modeling for Weather Impacts on Comfort 

EcoFactor collects weather data for a home’s specific zip code from 

a weather service that is fed into the comfort model to understand 

what adjustments should be made to temperature to maintain 

comfort at the lowest possible cost. The system automatically ad-

justs the thermostat throughout the day to maintain comfort and 

eliminate waste due to over heating or cooling a space.

5. Modeling for Variations in Occupancy 

EcoFactor uses data points from the thermostat to create the 

behavior model, which includes the occupancy status of the 

home. Understanding current occupancy status allows the 

EcoFactor analytics platform to adjust set points to maximize 

savings automatically.

6. Modeling for Variations in Activity, Human Comfort 

EcoFactor also uses manual adjustments made by the home-

owner to refine the comfort model for the home. Each manual 

adjustment is tracked and recorded to understand changes in 

homeowner behavior and adjust automated system controls 

to maximize both comfort and savings. The comfort model 

learns the homeowner preferences and makes automatic ad-

justments to maintain comfort at the lowest possible cost.

7. Micro Adjustments 

Once the comfort model is established, the thermostat moves 

to autopilot, automatically making small adjustments to the 

temperature set point to maximize comfort and eliminate all 

of the waste associated with over heating or cooling a space. 

The comfort model is also used to make adjustments auto-

matically based on prior history of manual adjustments and 

eliminate waste due to mis-operation. Micro adjustments can 

be made during all operating periods of the day. Micro adjust-

ments are also made to different control parameters within 

the thermostat to maximize equipment efficiency.

For example, during some periods of the day, the air condi-

tioner may cycle on for only a few minutes. This short cycling 

of the system is less efficient and also reduces the lifetime 

of the HVAC equipment. EcoFactor’s models can accurately 

predict runtime and eliminate short cycling by automatically 

detecting it and then adjusting the temperature dead band, 

eliminating short-cycling conditions and reducing overall 

runtime of the system.

© EcoFactor

Using Manual Adjustments 
to Model Comfort
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DAtA AnAlytiCS & moDEling
QuAntifying EnERgy SAvingS

many different approaches are used to quantify savings for 

energy-efficiency programs. Energy audit companies often 

make claims based on past experience or national studies. Rarely 

are those savings estimates validated after the work is complete. 

utilities use a more disciplined methodical approach when 

evaluating energy efficiency.

a pilot program is designed, and participants are recruited to 

evaluate a specific product or technology. The study participants 

are usually then divided into groups. One group is a control 

group that receives no treatment, and a second group is pro-

vided with the new product or service. Each pilot participant is 

closely monitored, and measurements compare the two groups.

While this approach is thorough, it has several flaws. The first 

source of error comes from sampling. Sampling error occurs 

when the participants in the study do not accurately represent 

the overall population. Consumer attitudes and motivations to-

ward energy savings can be broken into many different segments. 

Individual attitudes regarding comfort, control, and savings vary 

dramatically. Some people prioritize control over savings and 

comfort; others favor savings over comfort and control. Over or 

under sampling these different segments will have a significant 

impact on the results.

Given that participation in energy pilots is voluntary, it is likely 

that utilities oversample the segment interested in energy sav-

ings and under sample the majority of the population that are 

not actively engaged in energy-saving programs. 

once the pilot is completed, the results are used to estimate 

the impact on the overall population. Unfortunately, in most 

cases, there is no good method to determine the effectiveness of 

the program on the overall population after deployment.

many behavior-based programs fall into this category. Partici-

pants are given feedback in the form of real-time energy infor-

mation, comparative data on energy consumption, and recom-

mendations on how to change their behavior to reduce energy 

consumption.

studies indicate that these behavior-based programs result in 

an average of 2-3% savings for an individual consumer.

in most of these programs, consumers are advised to make 

investments in better insulation, new windows, CFL or LED 

bulbs, or new appliances based on typical savings. If the program 

collects more detailed information on the home, the savings 

estimates can be refined; however, the actual savings remain 

dependent on many factors. While gamification and other ap-

proaches to consumer engagement may improve the engage-

ment of some customers, most consumers spend only minutes 

each year thinking about energy. Solutions that automate sav-

ings rather than depend upon individual initiative are more likely 

to succeed with a broad customer base.

before connected devices and  
smart meters, validation of actual 

savings was not feasible.  

With the advent of connected devices, savings can 

be quantified with much greater precision than ever 

before. EcoFactor uses a groundbreaking approach, us-

ing data analytics to create physical models of the home 

to model equipment runtime. The runtime model can 

be combined with fuel type and cost of fuel to calculate 

savings in dollars as well as return on investment. Using 

the runtime model, EcoFactor can estimate what the 

runtime would have been, if no micro adjustments were 

made, and compare that to the actual runtime. The dif-

ference is the savings. 

Instead of estimating the savings, or 

applying a static sample to a dynamic 

population, EcoFactor calculates the actual 

savings for each thermostat in each home. 

this approach is far superior to using 

results from a study or a statistical sample.
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baseline comParisons

the industry has a significant problem when it comes to com-

paring results of savings from different HVAC energy-efficiency 

programs. The root of the problem is that there is no consistent 

baseline from which comparisons can be made.

the industry needs to define a baseline  
case from which vendors can estimate  

the equipment runtime and resulting 

energy cost. 

in the case of thermostats, since according to a Q4 2011 Parks 

associates survey, 54% of people do not program their thermo-

stats to automatically change temperature set points through-

out the day, the baseline case for thermostat control should be 

when the thermostat is held at a constant temperature. If the 

baseline case is set to 72 degrees, the savings are more substantial 

(in the air-conditioning context) than if the baseline is set to 75 

degrees or the EPA’s recommended 78 degrees for the summer.

Without a standard baseline, there is no way to compare sav-

ings between different approaches. One vendor may claim up 

to 20% savings, but without knowing the basis for that claim, 

consumers have no means to make a valid comparison. Because 

this is the case, vendors are encouraged to use a low number 

such as 72 degrees as the baseline for comparison. EcoFactor 

uses a baseline of 75 degrees, which represents the most realistic 

summertime temperature set point.

calculaTion oF savings 

ecofactor uses a two-step approach to calculating savings. 

When new customers begin using the EcoFactor service, they 

use an online tool to help guide them through the process of 

programming their thermostat. The savings from this first step 

are calculated to be up to 16% as compared to the baseline con-

dition, a constant 75°F temperature set point. That means that 

the AC unit runs 16% less time after consumers use the program-

ming wizard than it would have if the temperature remained at a 

constant 75°F.  Although the savings from properly programming 

a thermostat are real, this portion of the savings are not counted 

when EcoFactor reports savings to customers.

the second step, the modeling process, usually takes approxi-

mately two weeks to complete. During that time, the system is 

operating like a programmable thermostat and collecting data 

to create the model. After the two-week data collection period, 

the models are developed, and the system begins to make micro 

adjustments, automatically making changes in the background 

and continuing to learn and refine models. 

Average Temperature Baseline, 
Programmable Thermostat, 

and Micro Adjustments 
based on Data Mining and Analytics

© EcoFactor

Baseline

12 AM 12 PM 6 PM 11:59 PM6 AM

Average 75°F

Programmable
Thermostat

16% Savings

Micro
Adjustments

+20% Savings

36% Savings

MICROADJUSTMENTS

Micro adjustments, the 20 to 30 small 

changes to the temperature and other 

thermostat parameters each day, provide 

up to an incremental 20% savings, 

so that overall, the systems runs up to 

36% less time than it would have at the 

baseline condition. 
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from a utility perspective, the objective of demand response 

programs is to maximize the load that is reduced during the 

DR event. Traditional thermostat-based demand response pro-

grams have override rates as high as 10%.2 People sign up for the 

program, but when the time comes, they manually override the 

thermostat set point changes. In many cases, the manual adjust-

ments actually result in longer equipment runtimes during the 

demand response events. 

When people become uncomfortable and 

discover that their thermostat set points 

have been changed, a common reaction is 
to not merely undo the DR-related set point 
increase but to push back by choosing a set 

point that is lower than the normal set point. 

the ac system must run longer to reach this new set point, 

thus consuming more energy than it would have without the 

DR event.

instead of inflicting pain during a dr event that reduces 

participation and long-term effectiveness of a program, a data 

analytics-based approach seeks to eliminate the pain and expand 

participation, thereby maximizing effectiveness of the DR pro-

gram. The EcoFactor load-shifting solution uses a combination of 

both physical and behavioral models to define the pre-cooling 

strategy and event strategy. Pre-cooling uses the thermal mass 

within the home as a thermal battery, storing energy before the 

event that will be used to cool the home during the DR event. 

EcoFactor has developed a proprietary solution that models the 

thermal mass in the home and controls the temperature set 

point to maintain comfort and store energy prior to DR event. 

the simplest context for optimizing a dr event is 
when the home is unoccupied.

during this condition, the model only needs to calculate the 

setback temperature that will keep the AC unit off during the 

event. For example, many programs use a 4-degree set point 

change at the start of a demand event to allow the system to 

remain off for the majority of the event. A typical day-ahead de-

mand response event will last anywhere from 1 hour to 3 hours. 

The objective is to keep the home cool and comfortable before 

and during the event and, at the same time, shift load away from 

the event. Using the physical models for the home, EcoFactor 

calculates how much thermal energy it must store in the home 

to allow the AC to remain off during the event. 

the solution gets more complicated when the home is occu-

pied. A behavioral model is then layered on top of the thermal 

model to adjust the pre-cooling and event strategies to assure 

that the individual homeowner will remain comfortable. The 

behavioral model takes into account the previously expressed 

preferences of occupants in order to minimize “angry” overrides 

and thus runtime.

the combination of the physical models and behavioral mod-

els radically improves all metrics. The number of people that 

opt out of an individual event is small; the number of people 

who cancel their subscription to the program is small; and the 

total load shed during the event is maximized.

traditioNal DEMAND RESPONSE 

PROGRAMS do not account for comfort;

therefore, some public utility commissions 

have limited the maximum load shed  

permitted during an event to 67%, 

—which means—

 the AC system remains off two-thirds or 
67% of the time during the DR event. 

uSing DAtA AnAlytiCS to imPRovE DEmAnD RESPonSE

2 http://www.coned.com/documents/Con%20Edison%20Callable%20Load%20Study_Final%20Report_5-15-08.pdf
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since consumer comfort is a priority in the ecofactor ap-

proach, as soon as a consumer makes a manual change to the 

thermostat either during pre-cool or during the DR period, 

EcoFactor stops making micro adjustments, using the manual 

change in temperature set point as an expression of dissatisfac-

tion. That feedback is used to refine the behavioral model for 

an individual home so that future events will include micro ad-

justments intended to increase comfort and hopefully reduce 

the number of manual adjustments. Understanding how an 

individual reacts to one event allows the model to learn that 

behavior and prevents opt outs in future events. 

QuanTiFy resulTs oF dr Programs 

most dr programs are evaluated by placing meters on a small 

sample of homes and applying the results of that sample to the 

overall population. This approach has several sources of error. 

first there is sample error, meaning that the sample may not 

accurately represent the population. 

the second is that the sample does not account for changes 

over time. Participation in any program that causes discomfort 

will reduce over time as people opt out and actively work to 

disable the equipment installed on the premises.

connected devices allow measurement 
in near real time.  

since the status of every thermostat is reported once per 

minute, the knowledge-based automation system knows 

whether the AC unit is running or not running. 

connected devices allow utilities to understand 

the precise impact of a specific program almost 

immediately after the event takes place.

Nevada energy has implemented ecofactor’s pre-

cooling approach and has achieved outstanding 

results. In the last 2-hour demand response event 

in Las Vegas and Reno for the 2012 DR season, 

Nevada Energy was able to achieve 94.5% off in Las 

Vegas and 99% off in Reno. That means that during 

the 120 minutes of the event, the average system 

only ran just over one minute in Reno and less than 

seven minutes in Las Vegas.

these are actual results measured across all sys-

tems in real time, not simulated, estimated, or 

extrapolated from a limited sample. These results 

include everyone who opted out of the event by 

manually adjusting their thermostat. 

overall, Nevada energy was able to achieve an av-

erage load shed of greater than 3.0 KW per home, 

which is significantly better than the results previ-

ously achieved by other residential thermostat load-

shed programs used by NV energy.

Ecofactor casE study —nevada energy  
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PARtnERSHiP oPPoRtunitiES

consumer value ProPosiTion 

from a consumer perspective, the ecofactor solution is a smart 

investment. Most investments in energy-saving equipment have 

a ROI measured in years or even decades. Solar panels and new 

appliances offer good energy savings but require a significant up-

front investment. The EcoFactor solution requires only a nominal 

investment in hardware and provides an immediate cost savings.

in the near future, as the installed base of Internet-enabled 

thermostats grows, consumers will be able to connect to the 

EcoFactor service using their existing connected thermostats, 

eliminating the need for any up-front investment.

in addition to the energy savings, the ecofactor solution 

provides additional functionality and convenience in the form 

of remote access using a smartphone application and operating 

feedback that identifies degradation of equipment or building 

performance.

load-shiFTing aPPlicaTions 

While load shifting is most often deployed as part of a utility-

led, incentive-based DR program, the technology can be applied 

to many use cases. 

•	 Critical peak incentive-based DR programs.

•	 Using HVAC system load to offset supply variability in areas 

with high renewable generation capacity, storing energy in 

thermal mass during periods of excess supply (i.e., high wind 

generation at night when loads are small), or shedding load for 

short periods when renewable supply is reduced.

•	 Programs to minimize the impact on consumers of time-of-

use rate structures. Utilities can offer consumers tools that au-

tomatically adjustment to dynamic pricing, providing comfort 

at lower cost.

•	 Programs to aggregate load and bid into wholesale forward 

capacity or day-ahead energy markets. Because connected 

devices have very low latency, the system is not restricted to 

day-ahead markets. Low latency means that participation in 

hour-ahead or real-time markets is also possible.

PaThs To markeT 

Perhaps the most intriguing aspect of the EcoFactor solution is 

its ability to deliver value to both the consumer and the utility. 

The energy-savings capability can be bundled with numerous 

products and services and delivered through multiple channels. 

Cable and telecom partners, security service providers, thermo-

stat and HVAC OEMs, and dealers are all potential partners that 

would reap huge benefits by offering the EcoFactor service.

the ecofactor software as a service business model is suitable 

for service providers with ongoing billing relationships with 

consumers. Cable and telecom operators, working to leverage 

their connection to the home and to the consumer, are adding 

numerous services to their portfolios, and energy services have 

a unique potential.

if the service saves a cable subscriber $15 per month, it may 

be thought of as giving her hbo for free. Security service firms 

could offer a similar value proposition; the energy savings pays 

a portion of the fee for a security monitoring service. In addition 

to the energy savings, service providers can act as aggregators of 

demand response capacity, providing additional savings to the 

consumer and/or revenue to the service provider. 

hVac dealers with long-term service contracts to maintain 

hVac equipment can also add the EcoFactor service to their 

contracts and deliver savings to the consumer that nearly pays 

for the maintenance contract. Bundling EcoFactor with a new 

system sale provides HVAC dealers with a unique solution that 

saves consumers money over a competitor’s system. 

A service that saves consumers 
money effectively lowers 

 the cost of the overall  
service bundle. 
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Parks associates research indicates that consumers 
will pay a multiple of the annual energy savings 
when purchasing new equipment.

utilities are also a large channel. Although most utility’s actions 

are dictated by regulatory compliance, making them slow-mov-

ing, those utilities that have aggressive DR or EE goals for the 

residential sector are ideal candidates. 

as is the case today, different bundling options and packages 

of services will emerge as energy-efficiency programs are added 

to the portfolios of service providers. Some companies will 

discount the hardware and installation cost in return for higher 

monthly fees or longer contract periods. Others will pass through 

the hardware and installation costs or bundle them with other 

equipment sold at higher margins.

on the recurring-revenue side, some businesses will discount 

the monthly fees for the energy savings and will capture profit 

as an aggregator. In industries with high churn, they will use the 

service to minimize churn and reduce customer acquisition costs. 

Others will simply try to maximize recurring revenue. Utilities are 

in a unique position by virtue of their business model. They can 

choose to give away the savings for energy efficiency in return 

for participation in demand response programs where they will 

mitigate risk and potentially drive profit from energy markets.

the ecofactor solution is provided to partners using a soft-

ware-as-a-service business model. EcoFactor can be used with 

a variety of communicating thermostats. Since EcoFactor does 

not sell thermostats, the partner is free to choose any compatible 

thermostat. EcoFactor has integrated with both ZigBee HA and 

Z-Wave thermostats and is currently expanding to include WiFi 

devices. ZigBee and Z-Wave devices require a gateway to convert 

the ZigBee or Z-Wave signals to Ethernet to the home router. 

Wi-Fi thermostats do not require this separate bridge. In each 

case, the on-site provisioning process takes only a few minutes 

for an installer to complete.

ecofactor partners with local, regional, and national hVac 

service providers for installation services. Some of EcoFactor’s 

partners are also pushing hardware providers to make the de-

vices easy for consumers to self-install.

ecofactor has numerous partners in the utility space. Utili-

ties are especially interested in delivering a demand response 

program with minimal negative feedback from consumers. 

Because the EcoFactor solution models comfort and building 

performance, it can greatly reduce customer complaints after a 

demand response event.

comcast is ecofactor’s most notable mso partner. As cable and 

telecom operators add home security and home control services 

to their array of service offerings, adding an enhanced energy 

management system including EcoFactor’s solution provides 

another means to create value for consumers.

the data analytics solution applied to thermostat control has 

many other applications. The existing solution can most easily 

be ported to water heater control. Water heaters represent the 

second-largest energy load in the home, and the built-in energy-

storage capability make electric water heaters well suited for 

demand response programs.

ConCluSionS
data analytics is the ideal tool to identify and eliminate all 

forms of waste in a control system. Creating a model to char-

acterize building performance, equipment performance, and 

homeowner comfort allows controls to be optimized for both 

comfort and cost, eliminating waste from:

•	 Mis-operation, excessive manual adjustments

•	 Changes in humidity

•	 Building envelope issues that affects its ability to resist the 

influence of outside weather conditions

•	 Changes in upcoming weather

•	 Changes and variability in repetitive occupancy periods

•	 Incorrect setback temperature settings for unoccupied periods

•	 Changes and variability in irregular unoccupied periods

the same technology can be applied to other devices in the 

home as well, expanding the potential for savings beyond the 

significant reduction in runtime of HVAC equipment to other 

large loads in the home.
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EcoFactor is the leading residential energy management company that enables home service providers 

to offer an energy management service to their customers that does not require them to compromise 

comfort or change behavior. The EcoFactor platform uses data from communicating thermostats to 

determine the unique thermal characteristics of each home and automatically optimize energy use to eliminate waste and save money.

Based in Redwood City, Calif., EcoFactor was founded in 2006 to provide an automated alternative to behavior-based residential energy man-

agement solutions. EcoFactor is privately held and funded by Claremont Creek Ventures and RockPort Capital Partners. www.ecofactor.com
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