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Milestone in
Renewable
cnergy

Four Gigawatts of Solar Energy
Produced in California and
Placed on the Power Grid
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What Does this Mean?

e Hope

e Jechnical Hurdles




More Carbon-Neutral
More Sustainable

Less Environmental Impact

Improved Quality of Life
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Technical Hurdles

Rapid Variability

Generation and Usage
Alignment

Distributed Coordination

Steady-State Overvoltage

Transiti
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Traditional Power Flow

e Unidirectional

e Regulated

Normal Power Flow
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Overvoltage on Feeder Lines

e | ocalized Effects

Reverse Power Flow

Z/ Z/ 2/ 2/
Transformer N lf‘ . .f‘ " .f" . -f‘
%’f | | | |

Line Voltage

Maximum Voltage

Minimum Voltage

California Smart Grid Center graphic by Andrew Spencer & Deborah Frost




Addressing Overvoltage

o Curtailment

o Electrical Storage

Reverse Power Flow with Dispatchable Loads
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Research
Objective

Facilitate the adoption of
renewable energy by
mitigation of undesirable
impacts of distributed
power generation
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Flectrical Storage

Price

Complexity
Safety Concerns

Space Consideration
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Thermal Storage

o Stores excess power o \Water heaters are:
generation as thermal
energy ° Slmple

e Familiar

e Relatively Inexpensive

California Smart Grid Center graphic by Robert Wortman




Design Requirements

e Smart Default

e Manual Option
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Controller Prototypes

Rapid Prototype Reference Prototype
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Controller nas 4 Systems

Control System

Voltage and current
sensing system

Line power path

Mechanical support
elements of chassis and
internal power

California Smart Grid Center graphic by Deborah Frost




Control System

Requirements
e Automatic Mode e |ndependent mode

e Manual Mode e Wireless communication
coordinating with AMI

Rapid Prototype Reference Protot
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Voltage and Current

Requirements
e MonitorVoltage
e Heater Element Continuity
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L ine Power Path

Requirements

e Safety
e Switching of the Load

e Setting Voltage Levels

Rapid Prototype | Reference

photos by Deborah Frost




Chassis and Internal Power

Requirements
e Safety
e System Power Needs

Rapid Prototype
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lest Rig

o Retail Water Heater

e Equipped with
Temperature
Monitoring
Thermocouples

e Functional Plumbing
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Testing and
Analysis

Operational Findings
with rapid prototype

Design Findings
with reference prototype
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Operational Findings

Thermal Characterization of the Heater
e Functionality of the components
e \Water’s traditional heating curve still holds true

2kW  Temperature (C) vs Time 1.5kW Temperature (C) vs Time
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Temperature (C)
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Operational Findings

Wireless Capabilities
e Severe Interference
e |mprovised Shielding
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Operational Findings

Quantitative Test on Change in Voltage
e Varies with Voltage Setpoint
e mostly linear, but erratic
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Operational Findings

Quialitative Test on Change in Voltage
e Varies with Location
e Statistically normal, but high variance

Residential Homes Campus Buildings Apartment Locations

Number of Samples
Number of Samples
Number of Samples

(23 Sample Points) (85 Sample Points) (44 Sample Points)
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Operational Findings
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Design Findings

e Microcontroller

Energy
e Voltage Sensing Path Efficiency

e Power Switching Device

System
Integration
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Conclusions

e Mark Jacobson’s Road Map

e Anticipating a need for
almost 80 GW of residential
PV in order for California to
become powered
completely by renewables
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What Questions Do You H
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