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Grid Modernization Planning

With Grid Modernization Examples
from Xcel Energy’s Integrated
Distribution Plan (2019-2028




Xcel’s Grid Modernization Goals

MODERNIZATION
LABORATORY
CONSORTIUM
5. Depart t of Energy

» Transformed customer experience
7 New programs and service offerings
1 Engaging digital experiences
7 Enhanced billing and rate options
[ Timely outage communication

» Improved core operations
1 Additional monitoring, control, analytics and automation

» Facilitation of future capabilities
1 Designing for interoperability
1 In alignment with industry standards and frameworks
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Advanced Grid Intelligence and Security
Initiative

The foundational investments of the initiative include:

» Advanced Metering Infrastructure (AMI)

» Field Area Network (FAN)

» Advanced Distribution Management System (ADMS)

» Fault Location, Isolation, and Service Restoration (FLISR)

Xcel Energy, Integrated Distribution Plan (2019-2028): Advancing the Grid at the Speed of Value, Nov. 1, 2018
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Advanced Grid Initiatives Timeline

Foundational
Invastmeants

Mear-Term (2018 —2022)
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Medium-Term (2023-2027)

_Underlying IT infrastructure
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Long-Term (2028-2032)

Planned or
Potential
Future
Investments

 Substation Upgrades and Additional Distribution Automation

| Customer Platform

- = Regulatory Approved | | = Mear-Term Investment

| | = Other Planned ¢ Budgeiec -=Pmnua| Future
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Advanced Metering Infrastructure (AMI)
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Motivation: Current AMR system will be discontinued

U.S. advanced electric utility meter adoption (2007-2016)
millions of customers
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Budget for both AMI and FAN:
» Capital Costs:
Timeline: Between $450 and $600 million
» Late 2019: » O&M Costs:
Limited installation of AMI meters as part of the TOU Between $110 and $150 million

pilot
» Between 2020 and 2023:

1.3 million advanced meters deployed
Xcel Energy, Integrated Distribution Plan (2019-2028): Advancing the Grid at the Speed of Value, Nov. 1, 2018
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Advanced Metering Infrastructure (AMI)
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» AMI is dependent on:

1 The parallel deployment of the FAN for communication (used to transmit
iInformation to and from the meter to the AMI head-end application)

» The following applications depend on AMI:
1 ADMS

1 Outage management programs (due to its last-gasp functionality)
1 HAN

1 Demand Response Management System (DRMS)

March 7-8, 2019 7
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Advanced Metering Infrastructure (AMI)
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The collection of interval meter data is the primary capability
delivered by AMI

This leads to a number of advantages for both consumers as
well as the utility

March 7-8, 2019 8
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Advanced Metering Infrastructure (AMI)
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Benefits from a customer perspective:
Energy usage insights

Enhanced rate offerings

Targeted DSM program offerings
In home interfaces

Improved billing features

Reduction in customer outage minutes due to faster response
capability

vvvyvyyy
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Advanced Metering Infrastructure (AMI)
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Benefits from a grid perspective:
» Greater awareness of customer outages
» Lower meter retirement date due to fewer meter failures
» Elimination of costs associated with meter reading and meter
complaints
» Easier identification of energy theft and vacated premises
» Closer alignment of rates with the real time cost of energy:
] Incentivize load reductions at peak times
» Distribution System Management Efficiency:

1 AMI information can be used as an input for more granular distribution
planning analysis

1 More efficient use of capital dollars to plan and design the system
1 Increased efficiency of distribution maintenance costs

March 7-8,2019 | 10
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Field Area Network (FAN) Gl
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Motivation:

This communication network is necessary for the implementation of most
other grid modernization programs
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Budget for both AMI and FAN: | a Y A
1 WISUN b DA Device
> Capltal COStS l A:celsrl.l’om(
Between $450 and $600 million E WiMAX WiSUN

» O&M Costs:
Between $110 and $150 milion Timeline:

Between 2018 and 2023
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Field Area Network (FAN)
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The FAN uses two wireless IEEE technology standards:

» A WIMAX network
1 High-speed connectivity
1 Based in Northern States Power’s substations
1 Point-to-multi-point

» A WISUN network

] Lower speed
1 Communicates directly with the AMI infrastructure and the Distribution

Automation (DA) field devices

1 Mesh network:
* Allows the network to improve as more devices are brought online and within the
FAN, since adding more nodes to the network gives the devices more options to

communicate with their access point.
March 7-8,2019 | 12
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Advanced Distribution Management System s

(ADMS)
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Motivation:

Provide an integrated operating and decision support system to assist control
center operators, field personnel, and engineers

The core software functionsinclude:
» Distributed Network Modeling

» Distribution Supervisory Control and Data Acquisition (SCADA) Monitoring and
Control

» Unbalanced Load Flow and Network Topology Processing

Timeline:
Initial rollout by 2020

March 7-8, 2019 13
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Fault Location, Isolation, and Service ”//:72\\3
Restoration (FLISR) ’
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Motivation:

Improving distribution system reliability by isolating a faulted segment of a feeder and
automatically restoring power to available un-faulted segments.

FLISR is a core application within ADMS

Budget:
Approximately $66 million
Timeline:
Nine-year deploymenttimeline

March 7-8,2019 | 14
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Fault Location, Isolation, and Service ’////\'
Restoration (FLISR)
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» The FLISR application relies on three primary components to operate:
1 ADMS, for the central control and logic
1 FAN, for wireless communications to each device

1 Intelligent field devices (reclosers, overhead switches and pad mount
switchgear), to detect faults, isolate where possible and operate when
commanded by ADMS.

» FLISR will involve implementing four principal components:
1 Reclosers
1 Automated Overhead Switches
1 Automated Switch Cabinets
1 Substation Relaying

March 7-8,2019 | 15
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Fault Location, Isolation, and Service s
Restoration (FLISR)
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Benefits:

» Real-time situational awareness:
[ Ability to see the real-time load across many critical points on the distribution system
] FLISR can be executed even when parts of the distribution system are abnormal

1 FLISR can make decisions for the future loading of the system due to ADMS’s system
loading predictions

» Ability to operate devices remotely:

1 Complex switching enabled by automated feeders and remotely controllable devices
[1 Limited need to manage software on each individual device

» Improved Data for System Planning and Reliability:
1 Key data from FLISR can be used to plan and design the future system

v

All this done with the goal to reduce outage durations to customers

March 7-8,2019 | 16
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Xcel’s Data Strategy Framework

Customer

Usage
Data

» Customer self-use

» Xcel program/service
targeting

» Customer sharing with
31 parties (w./ consent)

Operations

« QOutage management * Asset health optimization
* Voltage management * NWA and other scenario analysis
* Monitoring and control * Annual planning

March 7-8, 2019 17
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Customer and Operational Data e
Management — Potential Tools
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For customers For company operations
» HAN: » Demand Response Management
] Connects electronic devices, System (DRMS):
such as thermostats, security 1 Enables new capabilities for DR
systems, energy display » \olt-Var Management (1VVO):

devices, and smart appliances,
into a common customer
network that allows these
devices to communicate with
each other.

1 Automates and optimizes the
operation of the voltage regulating
devices or VAr control devices on
distribution feeders

1 Benefits:

* Reduction of Distribution Electrical
Losses

* Reduction of Electrical Demand and
Energy Consumption

* Increased Ability to Host DER
* Demand Response

March 7-8,2019 | 18
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Time-of-Use Rate Pilot
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This pilot will provide select residential customers with variable pricing based on the
time of day energy is used.

Goal:

Encourage shifting energy usage to daily periods where the system is experiencing
low load conditions.

» Implementation area:
1 Minneapolis and Eden Prairie
7 AMI and FAN technology deployed to 17,5000 residential customers

» Timeline:

[ Installation of both FAN and AMI, in connection with the TOU pilot, will begin
in 2019. Baseline information will be collected, and the pilot will launch in
2020.

March 7-8,2019 | 19
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Battery Storage Projects
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» Penna Station/Panasonic Battery Demonstration Project
1 1.5 MW of solar installations and a 1 MW/2MWh battery at the Denver airport
1 Examining how a battery storage facility can be used to:
* Facilitate the integration of renewable energy
* Enhance reliability on the distribution system
* Assist in providing voltage management and peak reduction
* Provide power to Panasonic in case of a grid outage by functioning as a microgrid

» Stapleton Battery Storage Project
] 6 in-home batteries and six larger batteries in the Stapleton neighborhood

1 Examining how battery storage can be used to:
* Increase the ability to accommodate more solar energy on the system
* Manage grid issues such as voltage regulation and peak demand
* Reduce energy costs

March 7-8,2019 | 20
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Electric Vehicle Pilots
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» Fleet EV Service Pilot
1 Xcel would install, own, and maintain EV infrastructure for fleet operators
1 Fleet operators participating in the pilot would pay time-of-use rates

1 3 probable fleet customers:
* Metro Transit
* Minnesota Department of Administration
* City of Minneapolis

» Public Charging Pilot
1 Xcel would install, own, and maintain EV public charging station infrastructure only
[1 Customers participating in the pilot would pay time-of-use rates

] Increase publicly available charging options to support longer distance driving, address
range anxiety, and provide charging solutions for those unable to charge at home
1 2 probable community charging locations:
e Saint Paul
* Minneapolis

March 7-8,2019 | 21
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Potential New EV Pilots
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» Residential EV Subscription Service Pilot:

1 Preset monthly subscription fee for dedicated EV charging service during off-peak
hours, with additional charges for on-peak charging

» Residential Smart Charging Pilot:

1 Studying how a combination of incentives or rewards encourages smart charging of
EVs, enabling the management of EV charging as a demand-response resource

» Workplace Smart Charging Pilot:

1 Studying the provision of workplace EV charging coupled with DER, such as solar
generation. The pilot will assess—and explore options to mitigate—the coincidence of
workplace charging and system peak.

» Vehicle-to-Grid Demonstration with School Buses:

[ Studying the potential of electric school buses as grid resources. During the school
year, daily driving schedules could support off-peak charging during nighttime and
weekend hours; during the summer, the buses could operate as grid resources,

charging when demand for power is low and discharging power when system demand
is high.

March 7-8,2019 | 22
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Potential Evolution in Planning Practices GR

Distribution Grid Services

Locational Value of Source DER as non-
DER W E O E WS
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Formalized integration with Transmission Planning
and Resource Planning

+ Peak Load Variations + DER Variations

+ Forecasted DER

Traditional Peak Forecast Planning

March 7-8,2019 23
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Plans for High DER
Penetrations:

With Examples from PG&E's
Distribution Resources Plan and
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PG&E Distribution Resources Planning
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» PG&E’s traditional distribution planning process includes:
1 Forecasting load and peak demand
1 Power flow modeling to simulate performance to determine needs
[ ldentifying and developing capacity additions to meet needs
» Distribution Resources Plan 2015 - The goal of the DRP is to integrate
DERs into the distribution planning process
1 DER Growth Scenarios
] Integration Capacity Analysis (Hosting capacity)
[ Locational net benefits analysis
» Distribution Investment Deferral Framework
1 Grid Needs Assessment
1 Candidate deferral projects

March 7-8, 2019 25



1. DER Growth Scenarios

DERs may significantly impact peak load

Estimated DER impacts at current time of PG&E system peak
14,000

12,000

10,000 —Scenario 1 - "Trajectory

—Scenario 2 - "High"

8,000 ——Scenario 3 - "Very High"

6,000

4,000

MW at System Peak (4-5 PM Aug)

2,000

T
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T

PG&E, Distribution Resources Plan Webinar, Aug. 3, 2015
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1. DER Growth Scenarios =
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Energy efficiency and solar have greatest 7=
Impact on peak load GR
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E 7,000
£ 6,000
%
> 5,000
® 4,000
o
] 3,000
m
g 2,000
% 1,000
S -
£
1,000
= ( ) (2008 2017 2020 2025
-2014)
M Distributed Wholesale Energy Storage 6 6 40 97
CHP from Feed in Tariffs 9.6 30 50 83
M Retail Storage 7.4 34 68 156
W Retail Non-PV DG 92 153 220 347
Wholesale DG 302 443 590 631
M Retail PV 396 916 1,317 2,052
m Energy Efficiency 1,318 1,770 2,134 2,809
H Demand Response 627 845 834 841
B Electric Vehicles (16) (48) (95) (248)
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1. DER Growth Scenarios

Impacts depend on DER characteristics and ”//\/<\\\—

local load profiles

« Variable impact driven by:

» Coincidence of DER impact with local
distribution asset load profile (e.g., evening
peaking feeders with high solar deployment)

* Resource characteristics (e.g., generation
profile, associated communications and

controls, dispatchability, geographic location,

intermittency)

* Services provided

. Utility currently has limited visibility,
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operational control and ability to influence
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GF

MODERNIZATION
LABORATORY
CONSORTIUM

U.S. Department of Energy

123456728 9101112131415161718192021222324

Hour Ending

—— PV Generation Profile ——Res Load Profile

FIGURE 2-28: TYPICAL RESIDENTIAL LOAD PROFILE AND
SOLAR GENERATION PROFILE ON AN AUGUST DAY

+ Deployment is currently optimized on customer economics, not utility cost

drivers

PG&E, Distribution Resources Plan Webinar, Aug. 3, 2015
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1. DER Growth Scenarios —

Other findings from growth scenarios GR
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» DERs likely to cluster ]
» To estimate DERSsS, we need to understand
load and adoption patterns

» Past behavior may not be indicative of
future behavior

Residential Non-Residential
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1. DER Growth Scenarios
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Uncertainty, Impact and Risk GRIL
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Electric Energy Energy Demand
Vehicles Efﬁcienci Storaie Resionse
IEPR High High High High Medium
Method Medium Medium Medium High Medium
Shapes/Profile Low Med to High Medium High Low
Charge Not Medium Not Not Not
Location Applicable Applicable Applicable Applicable
Lumpy {NT}* Low Medium Medium Low Low
Lumpy (LT) ** High Medium Medium High Medium
Impact Large Medium Large Small Small
Risk High Medium High Low Low

*NT = Mear-Term
** LT = Long-Term
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Example in PG&E service area GRID
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Source: https://www.pge.com/en_US/for-our-business-partners/distribution-
resource-planning /distribution-resource-planning-data-portal.page
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Demand Forecast GRID
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1. DER Growth Scenarios

Peak load forecast
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Division Facility Type Year 2018 Peak Load (MW) Year 2019 Peak Load (MW) Year 2020 Peak Load (MW) Year 2021 Peak Load (MW) Year 2022 Peak Load (MW)
| v | 7| v | v | v
Yosemite Feeder ORTIGA 1105 9.94 9.95 10.01 10.07 10.1
Yosemite Feeder ORTIGA 1106 8.33 8.43 8.77 8.86 9.1
Yosemite Bank ORTIGA BANK 1 16.86 16.96 17.36 17.5 1T
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1. DER Growth Scenarios

DER Growth Forecast GRIIL
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DER Growth - Ortiga Bank 1 Peak load ~ 17 MW
1.2

1 I
— . . .

Year 2018 2019 2020 2021
mDR mAgEE mCommEE wDomEE mIindEE EV's mNon-res PV mResPV

Aggregate DER [MW]
o o
(@) co

o
~

0

Source: https://www.pge.com/en_US/for-our-business-partners/distribution-
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2. Integration Capacity Analysis

Hosting capacity analysis - granularity

Line Section Line Section

Line
Sections

Line Segments

PG&E, Distribution Resources Plan Webinar, Aug. 3, 2015

GR
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Analysis was granular
down to line sections
within each feeder

* PG&E was able to
perform the analysis
down a very granular
level on specific line
sections within each
distribution feeder

» This is very important to
be able to capture the
limiting aspects of the
tapered radial distribution
system design

* Industry studies and
analyses typically only
consider or have the
ability to do this analysis
at the substation level

March 7-8, 2019
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2. Integration Capacity Analysis

PG&E analyzed 102,000 line sections within M=
>3,000 circuits GRID

LABORATORY

PG&E analyzed all three
Solar Photovoltaic (PV) and Renewable Auction Mechanism (RAM) Program Map phase line sections for all
o the 3,000+ distribution
circuits

 Results for approx.

102,000 line sections

* Average of 34 line sections per
feeder

» Largest number of line sections for
one feeder was found to be 310

» Locational results
published by each DER

type
* Granular down to fuse
devices

* Initially colored by PV

g & 3 ; e
Google u.d-uubvssmhmgmozms.osgumouu-auusenwe.fs..\.,.mou.ms-vaqu;smmt 'chn- Report & map emrdr ReSUItS

map width: 4 50 miles, map height: 2.57 miles
: * Line Section IC / Feeder IC
 Distribution Lines

[Fresno, CA e b eton * Red, Amber, Green color

« Transmission Lines

scheme with green being higher
capacities

PG&E, Distribution Resources Plan Webinar, Aug. 3, 2015 Mareh 78,2019

CONSORTIUM
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2. Integration Capacity Analysis

Hosting capacity analysis for Hydro/Biogas in PG&E GRI!I
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Typical DER Use Case: Hydro, Bio-Gas, and other DER with constant full output using machinery
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Breaker Recloser Sectionalizer Voltage Regulator  Autotransformer Fuse NOTE: Results based on
Device (Ordered by typical placement from sub to end of line) July 12015 ICA data

PG&E, Distribution Resources Plan Webinar, Aug. 3, 2015 March 7-8,2019 | 37



Hosting Capacity Analysis in California: s

Integration Capacity Analysis - ICA

>
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Since 2015 ICA 1.0 was used only as a rough guide to developers for avoiding
locations that require upgrades.

In September 2017 CPUC ruled on the final ICA methodology (“ICA 2.0”) for
interconnection case and ordered I0OUs to provide maps by July 2018:

] 10Us to implement ICA across their entire distribution systems, using the
iterative method to meet the interconnection use case.

] Criteria to be considered: thermal overloads, voltage violations, protection, and
safety limitations.

1 Hosting capacity to be determined for three DER types (generation, PV, load)
and two operational flexibility scenarios (no reverse flow, reverse flow up to
substation).

In Sep. 2018 I0Us closed public access to their ICA 1.0 maps due to confidentiality,
physical and cyber-security. After CPUC asked IOUs to make ICA maps publicly
available again, IOUs reopened portals with ICA 2.0 maps on 12/28/18.

ICA 2.0 maps include detailed, 576-hour power flow modeling down to every
circuit, line section, and node on the grid, with monthly updates.

ICA 2.0 built on the same input data used for Locational Net Benefits A%a%%i%og (18
Distribution Deferral Opportunity Reports. aren T8,
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2. Integration Capacity Analysis =0
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ICA 2.0 Maps Published December 2018 T
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Example of ICA 2.0 maps, showing color-coded capacity and
detailed information for the specific identified point, as well as
circuit load profiles with 576 hourly values

http://clean-coalition.org/news/ica-press-release-january-2019/
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ICA 2.0 Lessons Learned
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» PG&E
1 Long ICA processing time: determining HC for a single feeder using iterative
method and CYME software can take from several hours to several weeks
depending on feeder complexity. PG&E had to increase number of CYME
licenses 10 times for their ~3,000 circuits.

[ Load-flow convergence issues: small percentage of circuit did not converge in
CYME tool

» SCE

1 ICA processing time: average time of 10.50 hours per circuit. SCE developed a
node reduction methodology.

1 Input Data: SCE had to use CYME Gateway tool for data extraction from SCE'’s
network, AMI and SCADA datasets

1 Operation of voltage regulation devices: SCE had to develop an enhanced ICA
calculation engine to account for capacitors and voltage regulators

» SDG&E

1 System-wide ICA implementation cost: Approximate estimate $450,000
(SDG&E has ~3.3 million consumers through ~1.4 million electric meters).

ch.7-8,2019. | 40

Costs include ongoing administration and updates, associated IT and Ticensi g.



ICA Working Group - e

Summary of Recommendations
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» ICA Working Group monitors and provides consultation to the IOUs on the developmeht and
refinements of the ICA methodology. December 2016: I0Us submitted their final Demo A
reports. March 2017: ICA Working Group submitted Final ICA WG Report (short-term
refinements report).

» March 2018: Final ICAW G Long-Term Refinements Report

[]
[]

WG agrees that additional evaluation of ICA methodologies is required.

Planning use case — No final recommendation on methodology. The challenge
Is how to integrate load and DER growth projections. CPUC guidance needed
on timing of implementation and exact planning use case definition

DER Spatial Modeling — interconnection case: at each node; planning case: at
locational granularity supported by accurate DER forecast

Smart inverter functions - Additional IOU testing and WG review needed

Operational flexibility (allows utilities to make operational decisions in
emergency situations) - Real-time visibility of DER needed for same HC levels

Queued DER projects — WG Consensus about inclusion
Data Sharing — Recommendation for common data APIs

Voltage Regulating Devices and Load shape methodology — Additional IOU
work and WG Review Varch 7-8,2019 | 41
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ICA 3.0 Plans
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» Current ICA maps pertain to just the distribution grid. ICA 3.0 will add
constraints related to the transmission grid that could affect
Interconnection — for example, other projects being proposed for that part

of the transmission grid.

» ICA2.0 maps model each circuit, but they do not show how a circuit may
affect neighboring circuits. ICA 3.0 will dynamically model multiple
circuits and theirimpact on one another.

» ICA 3.0 will aim to update the maps in real-time, to ensure that the
results are never out of date.

http://clean-coalition.org/news/ica-press-release-january-2019/
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3. Locational net benefits -
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Locational Net Benefits Analysis GRID

LABORATORY
CONSORTIUM
U.S. Department of Energy

» Start with CPUC/E3 cost-effectiveness calculator and add location-
specific values and additional avoided cost components

» Applications of LNBA

1 2 use cases for LNBA — project deferrals

* LNBA Public Tool and Heat Map to provide information for candidate distribution
deferral opportunities

* Prioritizing candidate distribution deferral opportunities
1 3" use case — cost-effectiveness; incorporate DER integration costs. Develop

location-specific T&D avoided cost values to inputinto DER Avoided Cost
Calculator (DERAC)

Help developersfind potential project sites

Locational Net Benefits Analysis Working Group, Final LNBA WG Long Term Refinements Report, 1/971%“ 76,2019 | 43
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3. Locational net benefits

Avoided energy

» Originally DERAC calculator used NP-15
price for PG&E and SP-15 price for

SCE/SDGE
» Move to DLAP (default load aggregation
point) price because 10U pays this price to | o Averaseime
serve load ) S s S Bh
» How to forecast DLAP? | PR " .
] Historical or forecasted hourly DLAP energy ' B
prices; modify heat rates using CPUC/E3 T
capacity expansion RESOLVE model to "? e
reflect future resource mix D ’iW

1 Hourly production cost model — higher
resolution, more accurate, but waiting for IRP
proceeding which is developing hybrid
resource adequacy/production cost model

March 7-8,2019 | 44
https://www.caiso.com/Documents/PricingStudyResults-ImplementationCosts-BenefitsDiscussionPaper_LoadGranularityRefinements.pdf
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3. Locational net benefits =
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Avoided capacity G
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» Add locational variation to
capacity value
1 Use Local Resource Adequacy
based on CAISO’s 10 Local
Capacity Requirement Areas
» Resource adequacy report
provides recent, aggregated
contract price information
(1 These represent short-run
avoided costs not CONE (cost of
new entry) which would represent
long-run avoided costs
» Capacity value of DER is
Increased by planning reserve
margin (15%) and loss factor

llllll

es

March 7-8, 2019 45
https://www.caiso.com/Documents/2019LocalCapacityRequirementsFinalStudyManualdocx.pdf
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3. Locational net benefits _\\\\x
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Avoided losses: Urban feeders have low losses; V4
not location-sensitive GRID
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1.2% losses means
that1 MW DER
reduces line losses by

Oakland C 1110, 12 kV, Urban, Peak Load
12 kW

0—0—/\/_‘—‘\ —+=—12011110 - Mid
06 i

=#—12011110 - Min

~#—12011110 - Peak

04 I—I——'(“'—_.\'./'_H——.\-

0 9301 1330.3 2215.9 2986.4 3596.7 4337 4936.8 5797.8 6513.6 7228.7
Distance(R) from Sub =

1000 ft

Source: PG&E Line Loss Study, 11/13/17 March 7-8,2019 | 46



3. Locational net benefits
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Rural feeders are longer and more location-sensitiveGRI[

Corning 1104, 12 kV, Rural, Peak Load

et

2mi

Source: PG&E Line Loss Study, 11/13/17
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Sum of DER Loss Percent Bank + Line
10

b
4 - Load_Condition -
—4— 163912102 - Mid
~8—163912102 - Min
~dr= 163912102 - Peak

Reverse power
flow causes losses
to increase

March 7-8, 2019 | 47
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Avoided losses
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» For deferral framework and heat map tool use cases, use
locational differentiation of losses

» For cost-effectiveness DERAC use case, don’t change until
granular line loss factors are available

» Reactive power/voltage support capabilities

1 Utilities need to develop methodology to calculate hourly VAR
requirement profile. Tools being developed in ICA work. Use this to
determine upgrade deferrals. Waiting for Rule 21 proceeding to
determine reactive power requirements and power factor assumptions

» Conservation Voltage Reduction
» Situational Awareness

arch 7-8,2019 48

Locational Net Benefits Analysis Working Group, Final LNBA WG Long Term Refinements Report, 1/9718



4. Distribution Deferrals —
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Distribution Investment Deferral Framework (DIDF) GR
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Transparent process to create

Grid Needs Assessment (GNA)

6/1

candidate deferral shortlist, grid mod GNA Filing e

investments, & proactive hosting Miipl Grd Neods Por Projct
capacity upgrades to accommodate <_>
forecasted DER growth bboR

Filing Technical and Timing Screens

5 year planning horizon
Grid Needs Assessment (GNA)
Investment projects o
Advice Letter Filing Final Candidate

Technical and timing screens DeferralList (TBD)
1 Capacity, reactive power, voltage,

reliability (backtie), resiliency _

Candidate Deferrals

21 Projects

Prioritization Metrics
DPAG and IPE Feedback

(microgrid)
) \ ) PG&E'S 2018
7] Can DER provide required service? NEEDS ASSESSMENT

[1 Operating date 2021-2022

Prioritization metrics
1 Cost Effectiveness Bl oo
1 Forecast Certainty

March 7-8,2019 | 49
1 Market Assessment Source: PG&E’s 2018 Distribution Deferral Opportunity Report, Sep. 4, 2018



4. Distribution Deferrals

Grid Needs Assessment

» GNA

[]

(N I N R N B B

Location

Distribution service required

Date needed

Equipment/Facility rating
Forecasted deficiency over 5 years

What mitigation options are possible? Can
they be mitigated through distribution
switching and load transfers?

» Bay Area Distribution Planning Region (DPR)
overview:

[l
U
[

4453 MW peak demand, 90% residential
549 MW of DG (81% is inverter-based)
659 circuits; 242 substations

» Bay Area DPR grid needs & mitigation:

[]

[]

37 needs fordistribution capacity
* 29 could be met through switching/transfers
* 8 needed investments
7 needs for reliability reasons
* None could be met through switching/transfers
* Al needed investments

T
=
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NORTHERN
REGION

CENTRAL
VALLEY
REGION

o)

March 7-8,2019 | 50

Graphic showing four Distribution Planning Regions: PG&E



4. Distribution Deferrals =
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Examples of planned investments Gl
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In- Distribution e )
" . ) LNBA Deficiency | Service
Facility Type Proposed Work Service Service ..
. Range Eligible
Date Required
($/kW-yr) (Y/N)
Central Install new bank at ) $100-
Bank ) 5/1/21 Capacity 3.99 Y
Coast Substation S500
Cenglg Bank Replace Bank #3 5/1/21 Capacit >100- 2.00 Y
Coast P pactty $500 '
Installation to reduce the y
Central Reliability / $100-
Feeder number of customers on 5/1/22 1.00 Y
Coast Other S500
nearby feeder
Replace recloser and
Central Distribution | boostertot f d Reliabilit
i | uti ooster to transfer an 12/1/22 iability / $0-$100 293 y
Coast Line reduce number of Other
customers
Install new feeder to o
] Reliability /
Diablo Feeder reduce load on 2 other 5/1/21 Other S0-S100 5.78 Y
feeders

March 7-8, 2019 51
Source: PG&E 2018 GNA and DDOR 9/7/18 Webinar
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Candidate Deferral examples Gl
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4. Distribution Deferrals

Est. LNBA | Unit Cost Expected performance and operational requirements
Dist.
p K . : . of Trad.
At B ervice Mitigation Grid Need Duration
Req.
eq ($k) (MW) (Hours)
. ) $100-
Install new bank at Substation Capacity $500 $6,500 [CUSTOMER CONFIDENTIAL]
4100 [CUSTOMER CONFIDENTIAL]
Replace Bank #3 Capacity $500 $5,500 3-00AM-
1.50 Jun-Sep 12 8
4:00PM
12:00AM
Installation to reduce the number | Reliability S100-
$1,485 1.20 Jan-Dec 365 - 24
of customers on nearby feeder / Other S500
12:00AM
Replace recloser and booster to A . 12:00AM
Reliability
transfer and reduce number of / Other S0-$100 $250 2.23 Jan-Dec 365 - 24
customers 12:00AM
12:00AM
3.68 Apr-Aug 153 - 24
Install new feeder to reduce the Reliability $0-$100 $1 250 12:00AM
load on 2 other feeders / Other ’ 12:00AM
2.10 Jun-Aug 92 - 24
12:00AM

h 7-8,2019 2
Source: PG&E 2018 GNA and DDOR 9/7/18 Webinar March 78,2019 | 5



4. Distribution Deferrals \\\*\

GNA GRID
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- ey
1 gatEnter.an Address  Demand Forecast Scenario 1
Ele - La Grange
L 1 ° GNA Scenario
(i13) Modesto  Empire Waterford o
er| Area West Modasts Hickman
Percent Loa Loading 2022 Ceres | Hughson
CU STOMER CONFIDENTIAL
Las Than 60
e Montpalier
ol Denair
70.01-80
OLio0 Turlock Hopetan ®
| . 90.01-100
Ballico
LonaL120 Jet Delhi
More Than 120
aE Hilmar
Landing Livingston
Planned Investment
Estimated LNBA Range ($/kW-yr) x
© 101
W - 5100 GNASubstationArea
1 s100-5500 FacilityType: Bank
¢ FacilityName: ORTIGA BANK 1

$500-$+

PrimaryDriver: Demand Growth

LeGrand

Athlone

Candidate Deferral 3
Estimated LNBA Range ($/kW-yr) DistributionServiceRequired: Capacity

}D s0 AnticipatedNeedDate: 712018
FacilityRatingMW: 15.84
PercentLoading2018: 106.44
PercentLoading2019; 107.07 Chowchilla
PercentLoading2020: 109.60 &

PercentLoading2021: 110.48
PercentLoading2022: 112.18

< 5100
$100-$500
$500-$+

Download data

Hamburg
N Fgms Firebaugh-— \'
Bautista Bmadwew By - )
oo gy )
s Landing L
Arbios o
Castrovill4 Wood Rarch Messc

Paicines. La Jolla Ranch o
e Jamesan
1) 9
irina
Tranquillity
e San Joaguin
Corral

—
Helm
@

(Cantua Creek

Source: https://www.pge.com/en_US/for-our-business-partners/distribution-
resource-planning /distribution-resource-planning-data-portal.page March 7-8,2019 | 53



https://www.pge.com/en_US/for-our-business-partners/distribution-resource-planning/distribution-resource-planning-data-portal.page

4. Distribution Deferrals

Planned Investment |
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e Carbona Springs
] - .
Ma SE’ Enter an Address L e — Demand Forecast Scenario r 1
P - v@ P & GNA Seenario -
aterfor
Legend Veralls Modesto  empire -l © Planned Tnvestment

~ution Area West Modesto ~) Candidate Deferral by

Percent Loading 2022 e Mughson
CUSTOMER CONFIDENTIAL
Bear Valley
Less Than 60
M 00070 Westley Mentpelier
Denair Merced Falls
C ) - Hornitos
80.01-50 Turlock Hopeton @
e g Patterson
u Ballico.
10001120 Jet Delhi Catheys Va
More Than 120
Diablo Grande Cows Hilmar )
Landing Livingston Winton
Planned Investment Stomar
Estimated LNBA Range ($/kW-yr) Atwater
0 Stevinson
o Newman )
<5100 (a9 Merced
o . : L = = . Planada
$100-5500 x |
$500-5+ Q 20f2
- LNBA Range ($/kW-yr)
Candidate Deferral Le Grand
Estimated LNBA Range ($/kW-yr) FeederlID: 254311106 Athlane
s0 Substation/Feeder: Bank
< 5100 Bank/Feeder Project Investment: Santa Nella Bank 1 and New Feeder
$100-5500 In-Service Date: 5/1/2022
$500-5+ Dist. Service Required: Capacity Chowehilla
Estimated LNBA Range ($/kW-yr): $100-$500 Sharon
San Martin B } (5
Capacity (MW): 5.4 = Fairmead
DER Service Eligible (Y/N): v
ke Download data Dairyland Mader
BMtS " Dos Palos
: Snrelos v
Amesti ] M
wdom Dunneville ® :
Watsonville .
River Daks
Hamburg
Farms
San Juan Hollister (5] Giespuoh
@ Bautista
Broadview Benito
S Ridgermark Farms
Tres Pinos
Prunedale Arbios 4
Castroville
@ Wood Ranch Mendota
Paicines La Jolla Ranch K
Jamesan E
b Mercey Hot ]
Borond Springs
va Salinas
Chaney Ranch - Murietta Farm Tranquillity ¢
L4 Spreckels, (jo1} Levis
1 Llanada San Je
Panoche R
L Chyslar ®
Ll Pinnacles Helm
D)
o ohes San Benito LI ()
Carmel Valley
P e =]

Source: https://www.pge.com/en_US/for-our-business-partners/distribution-
resource-planning /distribution-resource-planning-data-portal.page
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4. Distribution Deferrals

Candidate deferral

Carbona Springs
Li -
Mal GaiEnter an Address i s Grange | /Demand Forecast Scenario
P - vE@ S £ GNA Scenario -
aterfor -
Logend | Vernalis Modesto=empire Frl Planned Investment
~ ~-ution Area West Modesto
Percent Loading 2022 Coe Hughson © candidate Deferral iby
CUSTOMER CONFIDENTIAL
Bear Valley
Less Than 60
-
g Derair Merced Falls
- snelling
e o R Hopeton @ Hormitos
i Patterson
90.01-100
™ 9 Ballico
100.01-120 Jat Delhi Catheys Vi
M vore Than 120 L
%
1of2 @
Planned Investment
Estimated LNBA Range ($/KW-yr) Candidate Deferral - Estimated LNBA Range ($/kW-yr)
0 FeederID: 254311106
<5100 Substation/ Feeder: Bank
Planada
U s100-s500 Bank/Feeder Project Investment: Santa Nellz Bank 1 and New Feeder
$500-5+ In-Service Date: 5/1/2022
Dist. Service Required: Capacity
Candidate Deferral X Le Grand
Estimated LNBA Range ($/kW-yr) Estimated LNBA Range ($/kW-yr): $100-6500 “Athlone
50 Unit Cost of Traditional Mitigation ($k): 7500
<5100 Deficiency (MW): 0.6
$100-5500 DER Service Eligible (Y/N): ¥
s500-5+ Month: Jun-fug Chowchilla
DaysPerYear: 22 = Sharon
San Martin
Hours: 1:00PM-7:000M Fairmead
Duration: &
€3]
he Download data Dairyland ® age
‘\/ Bito" " Dos Palos
e an Felipe ¥ 3
pdom Dunneville
13
@)
Watsonville
River Oaks @
Hamburg
Farms
San Juan Hollister (-] Firebaugh
@ Bautista
Broadview Behito
rms
4 ek e
Tres Pinos
Prunedale Arbios
Castrovlle
@ Wood Ranch Mendota
Paicines La Jella Ranch Ke
q Mercey Hot - Jamesan
[ Borond Springs 9
v Salinas
Chaney Ranch  purietta Farm Tranquillty
b Spreckels (=t
= Llanada Ea San Joaquin
ancche
ool Chualar @
R [&]
e Pinnacles Helm
Gogzales v =HIEElD Cantua Creek
Garmel Valley
A S 9

Source: https://www.pge.com/en_US/for-our-business-partners/distribution-

resource-planning /distribution-resource-planning-data-portal.page
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Questions to ask utilities
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» Whatare your grid modernization goals?

» Which grid mod investments are foundational? And which build on those
foundations?

» Whatare the costs and benefits of each grid mod investment?

» Have you considered time-series profiles (not just system peak) in your
growth forecasts?

Have you considered uncertainty and risk in your growth forecasts?

Are your energy, capacity, loss calculations appropriate for the
application?

» How do you consider the benefits from smart inverter capabilities such as
voltage regulation?

» How do you screen and prioritize deferral projects?

vy

March 7-8, 2019 56
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» Xcel Energy’s Integrated Distribution Plan (2019-2028): Advancing the

Grid at the Speed of Value, Nov. 1, 2018.

» PG&E Distributed Resources Plan, 2015,
http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=5141

» PG&E Maps https://www.pge.com/en_US/for-our-business-
partners/distribution-resource-planning/distribution-resource-planning-
data-portal.page

CA Distributed Resources Plan Working Groups https://drpwg.org/
PG&E’s 2018 Distribution Grid Needs Assessment June 1, 2018

\4

\4
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Any Questions? GR
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Contact Debbie Lew at
debra.lew@qge.com
303-819-3470
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