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m The Challenge of Renewable Energy

California Renewable Goals
AB327 Expansion January 5th, 2015

Governor Brown proposed an ambitious expansion of
California’s renewable energy goals, from one-third
by 2020 to 50 percent by 2030

— 33% renewables by 2020
—  50% renewables by 2030

Brown also proposed that the state set guidelines to
cut fossil fuel use in cars and trucks in half over the
next fifteen years, and double energy efficiency in
existing buildings over the same time.

Renewables at PG&E

With 175,000 solar installations—which
accounts for more than 25 percent of all rooftop
solar in the United States.

In fact, we add a new solar customer every 11
minutes, or more than 4,000 each month. We're
also among the fastest at getting new solar
customers connected to our energy grid.

21% *Nuclear

Natural Gas

27%

w *Large Hydro
21%

*Renewable

Unspecified

Note: Power mix includes all PG&E-owned generation plus PG&E's power purchases.
Due to rounding conventions, the numbers above may not add up to 100%.

PG&E Power Mix 2012




!! The Duck Curve — The Impact of DG

Distributed Generation on the Grid
« Enhancing Capability

The duck curve shows steep ramping needs and overgeneration risk

MW Sample Net Load — March 31, 2012
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‘H! Distributed Resources — Scale

Power Grid Evolution - Solutions must be secure and scalable
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Smart Inverter Interconnection

CPUC Smart Inverter Working Group - Rule 21

Example if Smart Energy Profile (SEP 2) is the Communications Protocol between Utilities and other Parties

Utility Aggregator/ Retail Energy
Provider / Fleet Operator

Utility DER-Related Applications .
Utilities can also use smart meters

R . Aggregator DER-Related Applications
to monitor hourly net metering data

Internal Utility Protocol

ONP3 if IEC 61850 SIWG Data Internal Protocol
SCADA Profile Mapped to SEP 2 as A‘s‘:f:f{l:"
Transmittal Protocol IEC 61850 SIWG Data Profile Mapped | .-

Communication media: to SEP 2 as Transmittal Protocol

A

» Utility private WAN

7

e Cellular system
e Internet
-
-

- f

I
I
I

/
DER System under direct utility
management

DNP3 if SCADA I IEC 61850
ModBus, GOOSE
DER Inverter/Controller

AMI network
Telecom provider mixed
media

Power line carrie

Residential or Small
Facility DER Management Commercial DER System *
IEC 61850 SIWG Data Profile Mapped System (FDEMS)
to SEP 2 as Transmittal Protocol e Commercial IEC 61850 SIWG Data Profile Mapped Ag-:]':g:‘:'
e Industrial to SEP 2 as Transmittal Protocol Protocol
Facility Protocol e Power Plant
e Microgrid ModBus, GOOSE
Facility DER-Related Applications ili
* Military DER Inverter/Controller
SEP 2 BACnet
4emmm——)) |EC 61850 data objects over SEP2
IEC 61850 Model IEC 61850 Model
ModBus, GOOSE ModBus - —— -~ DNP3 for direct SCADA management
~¢— — p» Aggregator selected protocol
DER Inverter/Controller DER Inverter/Controller

Phase 1 — Autonomous Control
Phase 2 — Interconnection Requirements



m Managing the Power Grid

Utility Grid — Control Network
*  Closed Network

*  High Capacity

* Low Latency

*  Protocol Standard
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— ICPP Utility Grid Solar Generation Facility (Ivanpah)
Solar Aggregator
*  WiFi LILILILI
«  Ethernet
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*  Medium Latency (Minutes)
*  Protocol Standard

— IPv6 Inverter Network
— Proprietary

Residence

- AMI

*  WiFi

* Increased Latency (15+ Minutes)
*  Protocol Standard

—  IPv6
— |EEE 2030.5

Individual Residence



Smart Inverter Communication

Rule 21 Phase 2 - Mapping Functionality

Use Cases to Requirements

Real Power
Limit Power
Volt Parameters
Reactive Power
Power Factor
Volt VAR Curve
Ramp Rates
Frequency Support
Freq. Watt Curves
Emergency Response
Disconnect / Reconnect
Ride Through Curves
Scheduling DER Output, Modes, and/or Functions
Registration

Approval

System Health and Monitoring

Status, Capability, Metering

IEEE 2030.5 Protocol

Real Power
Object level support
Reactive Power
Object level support
Frequency Support
Object level support
Emergency Response
Disconnect / Reconnect — Object level support
Ride Through Curves— Object level support
Anti Islanding setting — not currently supported
Scheduling DER Output, Modes, and/or Functions
Object level support
Registration
Out of band process
System Health and Monitoring
Status, Capability, Metering - Object level support




m Smart Grid Communication Lab

Utility Implementation — Communication Testing Capability

Vendor Clouds
Aggregators

Direct Communication
Rule 21 Requirements
IEEE 2030.5
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Modular Generation Test Facility

Distributed Generation and Storage

500 kW interconnection and internal load
capability

«  Grid connected or off-grid testing

* PV inverters, micro-turbines, engine gen-
sets, fuel cell, battery storage, flywheel
storage

- Battery storage technologies
*  Flywheel energy storage

* Interconnection of distributed generation
and storage technologies




Smart Inverter Working Group

Phase 3

Current Functions

(0F:ToT:1011114Y Mandatory Optional Resources
Monitor DER Status and Output X * Photovoltaic
Connect or Disconnect DER X * Battery storage

Limit Maximum Real Power + Fuel cell
Set Real Power X * Wind
Set Energy Storage charge /discharge rates X « Thermal
Load and generation following * Hydro
Real power smoothing * Biogas
Set Storage Ramp Rates + Biomass
Frequency-Watt + Cogeneration
Storage Frequency-Watt « Compressed Air
Voltage-Watt * Flywheel
Dynamic Volt-Watt « Combination DER
Dynamic Reactive Current Support
Scheduling settings and modes Actors
Utilities
DER Group Management Aggregators
Group Creation, Maintenance ,Monitoring
Power Dispatch, Forecasting
Voltage Regulation, Group Curve settings,
Provide Price, Request Cost of Service

Independent System Operator
Individuals

Commercial Entities




Building A Sustainable Power Grid

Networks Communication Protocols Communication Protocols
«  Operational Data Network *  Power Grid *  Home Energy Management
—  Control network — SCADA —  AMI: IPv6
* Legacy protocols — .
*  Corporate Data Network gacy p IIEE 2030.5
- DNP3 — Thread
— Data Network ,
- ICCP «  Commercial Energy Management
— Open ADR
Nuclear Power Plant S
Utility-scale Distributed

Transmission Lines Storage Storage

Natural Gas
Generators

Do S ////// //,,,
ver P Distribution
Hydro Power Plants Rooftop Solar

Substations Plug-in Electric
Vehicles

Information needs to flow between systems securely, unconstrained by
protocol, or network

Wind Farms

Solar Farms / Power Plants
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