
 
 

 

Universal Disaggregation for Smart Meters 
 
Introduction 
Disaggregation, the science of itemizing energy consumption by appliance, enables 
personalized and actionable appliance-level insights to be presented to the consumer 
to help them manage their energy bills. This increases consumer engagement, positively 
influences sentiment towards the utility, and helps the utility meet energy efficiency, 
customer satisfaction, and other programmatic goals.   
 
Bidgely’s Universal Disaggregation solution leverages the company’s expertise as the 
industry leader in energy disaggregation and combines it with a comprehensive 
rule-based model to provide 100% load disaggregation for smart meter homes. The 
result is a level of accuracy and engagement unmatched by other disaggregation 
solutions on the market. 
 
This paper details the core elements of Bidgely’s Universal Disaggregation solution for 
smart meters - data inputs, methodology, functionality, and accuracy - while 
highlighting some of the unique technical and functional benefits Bidgely provides.  
 
 
Data Inputs 
Bidgely works closely with the utility to gather (1) energy 
consumption data and customer ID for each residential 
AMI meter. This data is in kWh format and can be at 
intervals of 5, 15, 30, or 60 minutes. Alongside this 
consumption data, Bidgely sources (2) weather 
information by postal code - which can include sunrise, 
sunset, cloud cover, and temperature - from any number 
of third-party data providers. Tying these two data sets 
together is the (3) postal code associated with each 
customer ID. 
 
Additional consumer metadata, such as home profile, appliance profile, or completed 
survey information, can help fine-tune the disaggregation, but is not required. 
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Methodology 

 
 
Bidgely’s Universal Disaggregation provides 100% home energy itemization for every 
consumer with suitable Data Quality (please see section ‘Known Limitations and Areas 
for Improvement’ below). The methodology, depicted above, can be broken into two 
main parts: True Disaggregation, which identifies the major appliances being used in 
the home, and Rule-Based Modeling, which accounts for the small remaining portion of 
appliances that are not identified with True Disaggregation. Bidgely’s Universal 
Disaggregation methodology also leverages demographic data on such factors as gas 
vs electric heating, as well as appliance categories like Pool Pump and Air 
Conditioning, to ensure the highest possible accuracy in its analysis. 
 
Bidgely’s smart meter disaggregation uses patented AMI disaggregation algorithms to 
detect and extract appliance fingerprints from smart meter data. Visual examples of 
some of the largest energy-consuming appliances in the home - which can account for 
60-70% of the home’s energy usage - are shown in the images that follow.  
 
Appliances Itemized  
As standard, there are 12 appliance categories that are included with Bidgely’s 
Universal Disaggregation for Smart Meters in North America, Europe, and Australia. 
Depending on the granularity of the meter data, some of these appliances - water 
heater,  refrigeration - may be identified via true disaggregation or rules-based 
disaggregation. 
 

Disaggregation 
Categories 

15/30 Minute Data  60 Minute Data 

Always On  True Disagg  True Disagg 

Heating   True Disagg  True Disagg 

Cooling  True Disagg  True Disagg 
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Pool Pump  True Disagg  True Disagg 

Electric Vehicle1  True Disagg  True Disagg 

Lighting  True Disagg  Rules-Based Disagg 

Water Heater  True Disagg  Rules-Based Disagg 

Refrigeration  True Disagg  Rules-Based Disagg 

Laundry2  Rules-Based Disagg  Rules-Based Disagg 

Entertainment  Rules-Based Disagg  Rules-Based Disagg 

Cooking  Rules-Based Disagg  Rules-Based Disagg 

 
1 Under development, part of the product Roadmap  
2 Includes washing machine, dryer, and dishwasher 

 
Always On / Baseload 
Always On consists of appliances that are always plugged in and drawing electricity. To 
help visualize Always On consumption at a daily level, the blue dashed line in the 
image below corresponds to the lowest measured consumption interval for the day at 
~25W, extrapolated across the entire day. 
 

 
 
Heating and Cooling 
By correlating temperature data with energy consumption, it is possible to visualize 
Heating and Cooling usage. In warmer months (June - September in the Northern 
Hemisphere), a rise in energy consumption corresponds to an increase in Cooling 
usage; while in the colder months (October - February), a rise in energy consumption 
signals an increase in Heating usage. 
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Refrigeration and Water Heater 
Refrigeration can be visualized by examining periods of low activity in the home, in 
which the regular pulses of the compressor motor are detectable. As highlighted in the 
image below, the refrigerator pulses are quite consistent throughout the day. Similar to 
refrigeration, Water Heater has pulses that occur throughout the day, but they are 
typically less frequent, and much larger in amplitude.  
 
 
 
 

 
 
Lighting 
Lighting is characterized by a consumption “arc”, most notably in the evenings, as 
visualized below. Lights are turned on when the resident comes home from work, more 
lights are needed for the evening activities (dinner, TV, laundry, etc), and lighting then 
tapers off as the resident gets ready for bed. 
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While the major appliance examples shown above can account for 60-70% of the 
whole home energy usage, there remain smaller, less frequently used appliances that 
cannot be identified by disaggregation. For these appliances, Bidgely utilizes a 
highly-evolved rule-based model to deliver 100% itemization. This rule-based model 
accounts for seasonality, size of home, number of occupants, amount of energy 
remaining after true disaggregation, typical minimum and maximum energy used by an 
appliance category, and vacation detection, among other factors. It also includes user 
input and feedback on such elements as appliance ownership to avoid errors such as 
showing a statistical category even if a user might not own any appliance in that 
category. When the user hasn’t filled out his/her appliance profile, Bidgely assumes a 
default appliance profile specific for that region as the input for the rule-based model. 
 

Real-World Relevance 
Bidgely’s Universal Disaggregation is based on data from each home’s smart meter. 
As a result, the appliance itemization dynamically reflects what is actually going on in 
the home, providing each customer with a rich and relevant experience.  
 
A legacy solution in the marketplace is Statistical Itemization, which utilizes research 
and survey data to create a fixed allocation model of typical appliance usage. As 
shown below, by using fixed-allocations for appliance consumption, statistical 
itemization models do not accurately represent the energy usage in the home, 
providing no insights nor relevance to the customer. 
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Statistical Itemization    Bidgely Itemization 

 

 
Baseline 
In the baseline scenario, the 
statistical model is somewhat 
accurate, but does not reach 
Bidgely’s level of accuracy. 

 

 

 
Vacation 
When the customer goes on 
vacation, the statistical 
model remains the same, 
while Bidgely’s itemization 
changes significantly, 
reflecting the many 
appliances that are idle. 

 

 

 
Life Event 
When the customer has a 
major change (e.g. has a 
baby) the statistical model 
remains the same yet again, 
while Bidgely’s itemization 
tracks the increased heating 
usage, as the family is now 
keeping the home warmer for 
the baby.   

 
 
Accuracy 
Bidgely uses high-resolution smart meter or CT clamp data from tens of thousands of 
homes (from 10+ countries)  as the basis for measuring its AMI disaggregation accuracy. 
This data is used to collect  ground truth for various appliances. It is then downsampled 
to 30/60 min data granularity, Bidgely’s algorithms are run on it and the results are 
compared with the ground truth.  We measure two key parameters with regards to 
disaggregation accuracy: 
 

1. Appliance detection identifies if an appliance has been used within a given time 
period. From a customer engagement standpoint, accurate detection is critical; 
simply put, customers know when they use an appliance. As a result, any false 
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positives (detecting an appliance that isn’t present), or repeated false negatives 
(not detecting an appliance that is present), can make customers lose 
confidence in the disaggregation solution. Bidgely’s appliance detection 
accuracy ranges from 80-100% depending on the appliance category. 

 
2. Consumption estimation accuracy is the difference between disaggregated 

consumption and actual consumption. Minor inaccuracies in appliance-level 
consumption estimation don’t have a significant impact on the consumer’s 
bottom line (e.g. a 10% error on an appliance that consumes 20% of the home’s 
energy is only a 2% error in terms of whole home consumption). As such, the 
need for high accuracy with consumption estimation is not as critical as it is with 
appliance detection. The following reflects the accuracy levels of true 
disaggregation categories with 15 - 30min interval data.  

 

Itemized 
Appliance 

Home-Level Detection 
Accuracy* 

Consumption Estimation 
Accuracy* 

Always On  100%  85-92% 

Heating  80-90%  80-90% 

Cooling  85-95%  80-90% 

Pool Pump  90-95%  80-85% 

Lighting  100%  70-80% 

Elec. Water 
Heating 

80-85%  75-85% 

Elec. Vehicle 
Charging 

80-85%  80% 

Refrigeration  100%  70-85% 

      *accuracy ranges will vary by region, granularity of data and season 
 
Features and Functionality 
As outlined below, Universal Disaggregation is the driving technology for many of the 
key features of Bidgely’s platform, and it enhances the personalization of each 
consumer’s experience. 
 
100% Itemization 
Disaggregation educates consumers on where 100% of their energy usage is going - 
and which appliances are costing the most 
Personalized Tips & Recommendations 
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Disaggregation personalizes actionable insights for each consumer (see callout for 
more detail) 
Appliance-Level Neighbor Comparison 
Disaggregation enables appliance-level comparisons to similar homes - far more 
insightful than whole home comparisons 
Email/SMS Alerts 
Relevant and timely communication, including budget alerts, usage alerts, mid-cycle 
alerts, and monthly summaries, benefit from disaggregation. For example, the 
mid-cycle and monthly summary reports provide itemized appliance information and 
relevant savings tips, so not only do customers know where their money is going, they 
also have ways to save right at their fingertips 
Audit and Survey 
Traditional surveys require customers to fill dozens of questions; Universal Disaggregation 
eliminates the need for customers to answer questions at all. Not only does this increase 
the survey completion rate for the utility, it also makes for a much happier customer 
 

Truly Personalized Recommendations 
Personalized insights and recommendations are a way to educate and engage the 
consumer about their energy usage. Bidgely has created a comprehensive insights 
and recommendations engine which leverages Universal Disaggregation in its 
methodology: 
 

Filtering | Weather and seasonality, as well as any home or appliance profile 
information, help to identify the base set of recommendations 

Static Scoring | Each recommendation is scored based on the required effort 
and cost, as well as the expected return, with low cost/low effort/high return 
recommendations scoring highest 

Appliance Usage | Using disaggregation, Bidgely identifies and prioritizes the 
higher-usage appliances in the home, as they will have the biggest potential 
savings impact 

Appliance Efficiency | By comparing disaggregated appliance usage across 
similar homes, Bidgely can infer appliance efficiency, helping to fine-tune 
recommendations 

 
The result of Bidgely’s recommendation methodology is a level of personalization 
and relevance for each consumer that is unavailable with any other disaggregation 
solution. 

 
Known Limitations and Areas for Improvement 
No Historical Data 
AMI disaggregation requires a certain minimum amount of user data to generate 
accurate results. This can vary from a few weeks with some appliances (e.g. Always On) 
to some months for other appliances (e.g. HVAC). Before this minimum data level is 
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available, the true AMI disaggregation output will be unstable, and this will affect the 
accuracy of the statistical disaggregation output and the overall 100% itemization. 
 
Bidgely keeps improving its algorithms to reduce the minimum required historical data 
to generate useful disaggregation outcomes. 
 
Disconnections 
Data disconnections result in an incomplete set of energy data across an evaluation 
time period, which can negatively affect the accuracy of 100% itemization. 
 
Incorrect Appliance Profile 
Since the statistical portion of the 100% itemization model is based on general 
appliance ownership and usage statistics for a region, having the correct appliance 
profile for each user is Important. Every user starts with a default appliance profile that is 
based on localized statistics and research; this profile is accurate for a vast majority of 
users. However, if a user’s appliance profile deviates from this default in a significant 
way, their statistical disaggregation can have lower accuracy.  
 
To address this limitation, Bidgely has designed its UI to make it very easy for any user to 
modify their appliance profile to the correct settings. Also note that the statistical 
itemization typically makes up a relatively small portion of the 100% itemization; as such, 
the overall effects of an inaccurate appliance will be limited. 
 
Low Monthly Usage 
Bidgely sets a low usage threshold that, while varying with geography, season, and user 
appliance profile, is typically around 80kWh. For a small portion (around 3-5%) of the 
users with the lowest monthly consumption, this low threshold exceeds their typical 
usage, causing the algorithm to fail and the results not being available for the specific 
months. Bidgely is working continually on reducing this threshold. 
 
Significant Profile or Behavior Changes 
In the case where there is a substantial change in the user’s energy consumption 
behavior, the algorithm can output with reduced accuracy. For example, if there is 
first-time usage of a new appliance (such as an electric heater), true disaggregation 
can show a reduced accuracy for some time. The duration of this inaccuracy depends 
on the appliance type, and can range from one to a few months. As mentioned earlier, 
disaggregation accuracy increases in the presence of more data, so as time passes 
and the “new” appliance is used more often, this limitation goes away. 
 
 
Summary 
In the residential energy sector, accurate disaggregation enables personalized and 
actionable appliance-level insights to be presented to the consumer to help them 
manage their energy bills. This increases consumer engagement, positively influences 
sentiment towards the utility, and helps the utility meet energy efficiency, customer 
satisfaction, and other programmatic goals.  
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Bidgely’s Universal Disaggregation solution leverages the company’s expertise in true 
disaggregation and combines it with a comprehensive rule-based model to provide 
100% load disaggregation for smart meter homes. As a result, the Bidgely platform has 
features and functionality that provide a level of consumer engagement unmatched 
by other disaggregation solutions on the market. 
 
Despite being the established leader in energy disaggregation, Bidgely is not resting on 
its laurels. By leveraging robust machine learning experience across an ever-growing 
global customer base, Bidgely is continually improving its disaggregation algorithms to 
achieve greater detection and estimation accuracy, identify additional appliances, 
and increase utility consumer engagement.  
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