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Electrical energy disaggregation in 
the home using a single sensor
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Energy usage is 
vastly misunderstood
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Overestimate ‘visible’ energy
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Consumers incorrectly believed they could save 2X more 
energy by reducing lighting rather than hot water usage 

400 homes survey by  Kempton et al.

Saturday, July 12, 14



Lack of appropriate feedback
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Based on 36 studies between 1995-2010. Summarized by Ehrhardt-Matinez et al.
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Aggregate Energy Usage
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$264
Aggregate Energy Usage
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Disaggregated Energy 
Usage
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HVAC
$73

Water Heater
$44

Dryer
$33

Electronics
$14

Others
$7

DVR
$21

Disaggregated Energy 
Usage
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not just ‘visible’ 
energy uses
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>20% reduction: Gardner et al. (2008) and Laitner et al. (2009)

Appliance 
Level

Saturday, July 12, 14



Courtesy: Belkin, Inc.
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Real-time Appliance Level 
Personalized Feedback
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How to Sense Appliance Level 
Energy Usage?
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microwave!
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refrigerator!
microwave!
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refrigerator!
microwave!

coffee 
maker!
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refrigerator!
microwave!

coffee 
maker!
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ElectriSense: Single Sensor
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ElectriSense: Single Sensor
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Leverage Noise From Electrical Appliances
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Switched Mode Power Supply
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SMPS based appliances are becoming 
increasingly prevalent
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Efficient and small in size
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Switching Operation generates high frequency 
Electro-Magnetic Interference (EMI)

Supply Load

Inductor
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Switching Operation generates high frequency 
Electro-Magnetic Interference (EMI)

Supply Load

Inductor
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Switching Operation generates high frequency 
Electro-Magnetic Interference (EMI)

Supply Load

Inductor
EMI

Saturday, July 12, 14



EMI
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EMI
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What EMI on power line looks like
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What EMI on power line looks like
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Washing Machine EMI
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Washing Machine EMI
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Electrical Energy Disaggregation
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Electrical Energy Disaggregation

What?

Saturday, July 12, 14



Electrical Energy Disaggregation

What? How much?
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Electrical Energy Disaggregation

What? How much?

Contactless Current 
Sensor
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Contactless Current Sensor (CCS)

Contactless Current Consumption Sensor, CHI 2010
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Contactless Current Sensor (CCS)

Contactless Current Consumption Sensor, CHI 2010
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Contactless Current Sensor (CCS)

Self-calibrating Current Sensor, UbiComp 2014
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Pool Pump
31%
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Pool Pump
31%

DVRs
11%
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Commercialized by Belkin Inc.
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Deployed Across 
U.S. Through 

Utilities & Direct 
Installations

Commercialized by Belkin Inc.
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Deployed Across 
U.S. Through 

Utilities & Direct 
Installations

Open Source 
Energy Datasets 

for Research 
Communities

Commercialized by Belkin Inc.
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ElectriSense
Sidhant Gupta
| sidhant@microsoft.com
| sidhantgupta.com

Thank You!
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