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Negatve Effects
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* Less robust grid

* Harmonic and reactive power
generated.

* Peak demand response

challenges
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Efforts

* From the residents point of view: Load Disaggregation

+ From the construction point of view: ZNE and electrical
storage.

* From the grid point of view: APFC

UCI Siane e Calit?2 d-S\PlLuUg




Load Signature Analysis and Disaggregation

* For residents to better
understand how energy is
consumed, the device
performs:

* Detect
* Measure
+ Identity
* Report
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Hardware Design

Initialization

Process
Raw

Inputs InquS Board Power
Attenuatlor.‘n or Clock Supply
Voltage Inputs Accumulation
Outputs
Surge Protection Indication LEDs
Current Inputs Circuits and Test Points
USB Serial
Interface
Multifunction
Clock Input Metering IC
ARM CPU Wi-Fi
Dongle
Ref Voltage Inputs Buffer/voltage
translator




Device Identfication (Machine Leanring)

* The system performs forward
and backward machine
learning algorithm based on:

+ Power (Real, Reactive) and
Current

+ PF

* Harmonic Analysis
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User Intertace

Smart Power For the Smart Home:
Plug Load Report

Select Area of the house

/\

* Reports energy consumption, l=l
devices detected and status

* Features a clean and simple
user interface

Total Energy Bill:
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T'raining mode

Please Help Identify The Following Item(s)

Device Deteced:
ID: 00086
Power Consumption: 25.6 Watts

Power Factor: 0.54

* Training mode:

* Asks for users’ assistance to
identify a load then
remembers it for later
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Industrial Design
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Conclusion and Future Works

+ The load disaggregation system is capable of:
« Detect, recognize and monitor loads at a household level

« Perform machine learning techniques on distinguishing
loads and learning on new appliances

+ Future:
+ Potential integration with the Smart Meter

+ Conduct user behavioral studies to introduce additional
savings to the users.
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Example Daily Load Profile for Smart Home
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Example Results from Field Test of APF Device
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Major Conclusions from APFC Field Evaluation

* Power factor correction performs well in every scenario tested.

— Even for power factor as low as 0.52 with non-linear waveform
distortion, the device corrected power factor to 0.98.

— Reactive power was reduced dramatically, by 60-85%

 However real power consumption increases simultaneously
— Power increases are associated with thermal losses in APFC device
— ~20W continuous draw + variable draw associated with VAr correction

* Improved power factor should have real benefits for utility
infrastructure costs and management of grid reliability

— Current decreases so required ampactiy for distribution infrastructure is
reduced

— Transmission losses are proportional to current so distribution efficiency
increases

— Utility infrastructure to correct voltage droop resulting from reactive
loads can be reduced

— The need for harmonics power quality management can be reduced
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EnergyPlus Modeling of ZNE Home

» Started with T24 compliant home
* Focus on how solar impacts typ. net-load profile

* Tested impact of various energy efficiency
measures

* (Can improved envelopes,
efficient HVAC designs,
controls, and elect. storage
provide grid benefits
by easing the variation in
net-load profile?

y

*'

UNI\'FRSIT\OFCAI' FOR[\'A WESTERN COOLING EFFICIENCY CENTER



Net Load Profile for T24 Compliant Homes
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Parametric Analysis of Alt. Design Options
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HVAC Elect. Loads for Four Alt. Designs
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Resulting Net Load Profiles (Winter)
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Limited electric storage charge and discharge rates
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Major Conclusions from Modeling

* For ZNE home owners, all electric systems are more cost
effective than gas appliances and equipment.

* Peakin residential electric load on the grid are largely
unaffected by addition of solar because generation and peak
loads are not coincident.

* The potential benefits of a shift toward ZNE may not be realized
unless deployed alongside electric storage measures

* Electric storage can worsen the net-load profile if it is not
controlled appropriately.

 We recommend that California pursue a diversity of tactics to
manage the grid stability concerns related to broad integration
of solar and other intermittent renewable resources. To some
extent, this should include on site storage, or other active load
shifting technologies.
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