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Grid-Friendly™ Appliances (GFAs)
Help Keep the Lights On
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heat, AC, HW, refrig.
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Future Apps and
Services

Business and
Customer Care

Smart Charging of
PHEVs and V2G

Distributed
Generation and
Storage

Grid Optimization

Demand Response

Communications
Layer

Power Layer
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Integrated Cyber Security
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Advanced Control Systems
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Enterprise network
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e.g. - Real time energy markets

Application data flow to/from end-user Energy Management Systems

Application data flow for PHEVs

Monitoring and discharge of distribuled assets

Sell-healing grid: Faull prediction, outage management,
remate switching, minimal congestion, dynamic control
of valtage, weather data infegration, centralized
capacitor bank controd

Advanced demand maintenance and demand response;
Load forecasting and shifting

Destnbation and Substation sutomation, asset
protection, advanced sensing, PO management,
sutomated fecder reconfiguration

Remote meter reading, remote disconnect/connect, tamper and theft
detection, short internal readings, customer prepay, mobile workforce

Consumer Energy Management Systems

e.g. - WMWMmM

propay. historcal energy 0atn, comparisen of saergy ue
10 piers/oeighbors, TOU pricing info, carton footprint data.

Simple integration of distribuled generation
assets

Point of consumption voltage readings
mmmwmm
and visualization of appliance energy use)

Real-time customer access to meter data;
‘meter sends “last gasp" signal In advance of

management fault/outage
Network Gateway Smart Meter
WAN FAN/AMI HAN
Backhaul network between FAN and Missing link in end-10-end network; Network linking loads and appliances for

the Utility @ now being deployed at scale utility and consumer control and mgmt
=
=
=
w

Routers, towers, repeaters, wired backhaul  Relays, mod , bridges, points, Grid aware d s: points,

routers smart ther ts & i energy portals,
home nelwo'k infrastructure
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é Generation Transmission Substation Distribution Home/Buliding Distributed Generabon and Slorage
= Centralized Genaration: 138-750 kV Automatic correction: Phaser Measurement Smart Meters; Introduction of 2-way power
3 Coal, Natural Gas, Frequency and Units Automation of Home/ flow: Solar PV, Micro Wind
%‘-. Nuclear, and Increasing cables reduce line loss, Power Factor Issues. Sensors; Dynamic Sag Building Systems; next Turbines, Fuel Cells,

- Renewables (CSP, Bulk carry 3-5 times power - peneration appliances Distributed Storage and
g 5 Wind) (HVDC, FACTS) Dynamic Thermal Ratings Integration PHEVs; DC Microgrids

Utility Infrastructure Consumer
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___wind-thermal bundling
of CG scheme

_ solar-thermal bundling
of CG scheme
DG scheme wind power
with UH=1000

___ DG scheme wind power

; with UH=1500

DG scheme solar power

with UH=1000

DG scheme solar power

with UH=1300

Power supply cost per kWh /¥ /kWh

2015 2020 2025 2030
Time /year
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