GR

MODERNIZATION
LABORATORY

eeeeeeeeeeeeeeeeee

Grid Modernization Investment
Economics

Dr. Fredrich (Fritz) Kahrl, 3rdRail Inc.
For Berkeley Lab

Integrated Distribution System Planning
Training for Western States
March 5, 2020

February 26, 2021 1



=
%=

MODERNIZATION
LABORATORY
CONSORTIUM

U.S. Department of Energy

Disclaimer

This document was prepared as an account of work sponsored by the United States Government. While this document
is believed to contain correct information, neither the United States Government nor any agency thereof, nor The
Regents of the University of California, nor any of their employees, makes any warranty, express or implied, or assumes
any legal responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by its trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof, or The Regents of the University of California. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof, or The Regents of the
University of California. Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer.

Copyright Notice

This manuscript has been authored by an author at Lawrence Berkeley National Laboratory under Contract No. DE-
AC02-05CH11231 with the U.S. Department of Energy. The U.S. Government retains, and the publisher, by accepting
the article for publication, acknowledges, that the U.S. Government retains a non-exclusive, paid-up, irrevocable,
worldwide license to publish or reproduce the published form of this manuscript, or allow others to do so, for U.S.
Government purposes
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Grid modernization investment economics (

» Consensus on the vision of a
modern electric grid:
information-rich, automated,
flexible, secure, reliable, resilient

» Less consensus on the focus
and timing of investments to
achieve that vision

» Managing costs and risks is an
important obstacle to grid
modernization

February 26, 2021 3



Utility regulation and grid modernization

» Regulated utility investments in the grid
are shaped by federal and state regulation
— most importantly for utility rates and
cost recovery.

» Regulators must balance consumer
protections and utility risks and incentives:

o Cost-of-service regulation gives utilities a
built-in incentive to over-invest

o Regulators conduct after-the-fact review to
determine if utility investments were “used
and useful” and costs prudently incurred

o To mitigate risk, utilities may ask regulators
for pre-approval of investments, shifting
risks onto ratepayers.

» Getting incentives right is a central
challenge in grid modernization.

Utility plans for
grid investments

Utility makes
grid investments

Regulator
authorizes
utility to include
investment
costs in rates
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Key regulatory issues for grid =
modernization Gl
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/ Transmission system: The high voltage (“bulk power”)\
transmission system is regulated by the Federal Energy
Regulatory Commission (FERC). States regulate siting

and inclusion of transmission costs in retail rates.

Key regulatory issues: Growing need for transmission to
integrate renewables, impacts of declining loads and
distributed energy resources (DERs) on transmission
needs, siting and interstate coordination, wildfire risk/

Distribution system: The lower voltage distribution \
system is regulated by state public utility

commissions (PUCs).

Key regulatory issues: Encouraging demand

flexibility, improving reliability, increasing resilience

to extreme events, encouraging efficient DER
investments, mitigating impact of high PV levels on
system reliability and costs, beneficial electrification/

5




Why is evaluating grid modernization costs and ’4772\\:3
risks complex and challenging?
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" Grid modernization will ideally be supported by a )
holistic vision and investment strategy, but
component investments may support different
\_ Objectives and have different evaluation methods. )
Resources 4 Grid modernization investments may support )
distribution-level resources, but resource and
VS:. grid investments often have different
Grid \_ evaluation methods. )
. é I
Joint & Inter- Grid modernization investments often have benefits
dependent that are hard to isolate and depend on
i other investments.
Benefits 9 P

Grid modernization technologies are subject to
significant uncertainty — e.g., over costs, timing of
need, technology maturity, deployment challenges.

ebruary 26, 2021 6
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» Volume IV includes an | Sonezoze o
economic evaluation
framework for grid

modernization investments M Odern
o Aims to inform approaches Do ° °
istribution

to evaluating economics

and managing costs and &
risks of grid modernization G rl d
investments

Strategy &
» No textbook approach — DS P)( 'P“,‘a'ﬂ::‘;;“;ﬂf:’e“book
multiple reasonable paths to [ |

achieving the same broad
goals

U.S. Department of Energy. Modern
Distribution Grid Volume 1V: Guidebook
(final draft)
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https://gridarchitecture.pnnl.gov/modern-grid-distribution-project.aspx

Economic evaluation framework

» Framework has three
basic stages:

Planning

Deployment

Evaluation

» Stakeholder input
throughout the
process can help
regulators reduce
information
asymmetry, improve
outcomes

See “Example performance metrics” in extra slides.
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Develop/prioritize objectives,

set spending limits
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)\

Coordinate regulatory
processes

-

Identify investment needs,
priorities, timelines

N (O

Link needs to objectives,

_ develop performance metrics

)\

A

Evaluate investments using
targeted approach

4

Evaluate investments,

adapt investment strategies

Make investments
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Prioritizing objectives
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» Different jurisdictions will identify and emphasize different objectives for

modernizing distribution grids
» Priorities will shape economic evaluation frameworks

Priority objective Customer choice Distributed energy | Reliability and

resource integration |resilience
Investment priority Advanced metering  Monitoring, sensing,

infrastructure that and control systems  distribution

competition DER penetration management

response time
Example priority Communications Communications Communications

investments and network, data network, ADMS, GIS, network, ADMS, GIS,

functionality management, VVO OMS, FLISR
advanced meters

Feeder upgrades,

enables full retail that enable higher automation, outage

systems that reduce
outages and improve

ADMS - Advanced Distribution Management Systems; GIS - Geographic Information System;

VVO - Volt-var optimization; OMS — Outage Management System; FLISR - Fault location, isolation, and service
restoration

February 26, 2021 9



Targeting economic evaluation

>

Joint and interdependent benefits

— core platform investments that are
needed to enable new capabilities and
functions in the distribution grid

Standards compliance and policy
mandates — utility investments that are

needed to comply with safety and
reliability standards or to meet policy
mandates for proactive investments to
integrate DER

Net customer benefits — utility
investments from which some or all
customers receive net benefits in the
form of bill savings

Customer choice — utility
investments triggered by customer
interconnection, opt-in utility programs,
and customer-driven reliability
improvements, paid for by individual
customers

Investment Driver

Joint Benefits

Policy and
Standards
Compliance

Net Customer
Benefits

-
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Economic Evaluation Method

\.
/

s

N

Least-Cost Best-

~

Fit

J

7

Customer Choice

~

Benefit-Cost
Analysis

Self-Supporting
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Using decision trees to aid categorization: Hawaii example

Standards and

Safety Policy
Self-Supporting CUT_“P“E”CE Compliance Net Benefits
Will it be installed by He..qu.lr.ed based on Expenditure needed to Expenditure lowers costs
customers on margin re"ab'l't}' 3’_“1 safety support and enable for all ratepayers?
neutral rates? criteria? commission policies?
o— o - o - o—»
Yes Yes Yes Yes

Evaluated based on
total resource cost
and an estimate of

Evaluated with Evaluated with

Customer opt-in . .
P Hawaiian standard Hawaiian standard

projects — no cost
effectiveness test
required

practice lowest practice lowest
reasonable cost reasonable cost
assessment assessment

the potential cost
shift between
customers

Source: Hawaiian Electric Companies, 2017, Modernizing Hawaii’s Grid for Our Customers,
https://www.hawaiianelectric.com/Documents/about us/investing in the future/final august 2017 grid modernization strategy.pdf



https://www.hawaiianelectric.com/Documents/about_us/investing_in_the_future/final_august_2017_grid_modernization_strategy.pdf

Strategies for managing costs and risks: ”//?Z\:g
stakeholder initiatives and utility planning
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» Developing objectives and priorities for grid modernization through
Stakeholder initiatives
o Examples: Maryland (PC44), Michigan (MI Power Grid), New York (Reforming
the Energy Vision), Ohio (PowerForward), Rhode Island (Power Sector
Transformation)

» Providing greater transparency on needs, priorities, costs, and risks by
requiring utilities to develop long-term grid modernization plans, with
nearer-term action plans

o Examples: California (Grid Modernization Plans), Hawaii (Grid Modernization

Strategy), Massachusetts (Grid Modernization Plans), Minnesota (Integrated
Distribution Plans)

February 26, 2021 12


https://www.psc.state.md.us/transforming-marylands-electric-grid-pc44/
https://www.michigan.gov/mpsc/0,9535,7-395-93307_93312_93593---,00.html#:%7E:text=About%20MI%20Power%20Grid&text=Launched%20in%20October%202019%2C%20MI,for%20Michigan%20residents%20and%20businesses.
https://www3.dps.ny.gov/W/PSCWeb.nsf/All/CC4F2EFA3A23551585257DEA007DCFE2
https://puco.ohio.gov/wps/wcm/connect/gov/38550a6d-78f5-4a9d-96e4-d2693f0920de/PUCO+Roadmap.pdf?MOD=AJPERES&CONVERT_TO=url&CACHEID=ROOTWORKSPACE.Z18_M1HGGIK0N0JO00QO9DDDDM3000-38550a6d-78f5-4a9d-96e4-d2693f0920de-nawqRqj
http://www.energy.ri.gov/electric-gas/future-grid/
https://www.edison.com/content/dam/eix/documents/innovation/10-Year-Vision-for-Grid-Modernization.pdf
https://www.hawaiianelectric.com/clean-energy-hawaii/grid-modernization-technologies/grid-modernization-strategy
https://psc.ky.gov/pscecf/2016-00371/rateintervention%40ky.gov/03312017030028/National_Grid_Intro-Overview.pdf
https://www.xcelenergy.com/staticfiles/xe-responsive/Company/Rates%20&%20Regulations/IntegratedDistributionPlan.pdf
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Strategies for managing costs and risks: M=
analysis, pilots, metrics, and incentives
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» Requiring utilities to conduct alternatives analysis and risk scoring for
investments
o Example: Minnesota PUC required Xcel Energy to conduct alternatives

analysis and risk-ranking of investments in its Integration Distribution Plans
(Docket 18-251, Order Accepting Report and Amending Requirements)

» Encouraging and approving well-designed grid modernization pilots

o Examples: Austin Energy (advanced distribution management system), Xcel
Minnesota (advanced metering and time-of-use pricing), Rocky Mountain
Power Utah (customer-sited solar + battery demand response), Oregon
(storage), New York State Electric & Gas (flexible interconnection)

» Using budget caps to limit potential rate impacts

o Example: Massachusetts DPU pre-authorized specific categories of grid-
facing utility investments for three-year term, subject to a budget cap

» Designing performance metrics and linking these to utility incentives

o Examples: lllinois ICC created performance metrics for grid modernization that
are linked to utility earnings; Minnesota PUC (Docket 17-401) required Xcel
Energy to develop performance metrics and a reporting schedule

February 26,2021 | 13


https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=eDocketsResult&userType=public&docketNumber=776&docketYear=17
https://www.energy.gov/sites/prod/files/2015/02/f19/Voices%20of%20Experience%20-%20Advanced%20Distribution%20Management%20Systems%20February%202015.pdf
https://e21initiative.org/xcel-energys-time-of-use-pilot-in-minnesota-demonstrates-the-positive-impact-of-early-collaboration-by-stakeholders/
https://www.utilitydive.com/news/utah-approves-rocky-mountain-powers-600-battery-apartment-dr-project/558011/
https://www.oregon.gov/puc/utilities/Pages/Energy-Grid-Modernization.aspx
https://www3.dps.ny.gov/W/PSCWeb.nsf/All/B2D9D834B0D307C685257F3F006FF1D9
https://www.mass.gov/info-details/grid-modernization#grid-modernization-annual-reports-
https://www.ilga.gov/legislation/ilcs/fulltext.asp?DocName=022000050K16-108.5
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=eDocketsResult&userType=public&docketNumber=401&docketYear=17#%7BA025276E-0000-C611-824F-D1573C3FE154%7D

Potential roles of legislators
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» State legislators can play several potential roles in managing the costs
and risks of grid modernization — for example:

o Affirm or set grid modernization objectives and priorities
o Provide guidance or policy on desired levels of grid resilience

o Proactively address issues that may require legislative intervention (e.g.,
equity issues, data privacy and access, interoperability and cybersecurity
standards, facilitate DER aggregation by third parties, encourage
performance-based incentives for utilities)

o Provide state funding where there are broader public benefits of grid
modernization (e.g., resilience, environment)

February 26, 2021 14
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Questions state legislators and regulators M=
can ask
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What types of grid modernization investments support the state's
objectives and priorities for grid modernization?

How do regulated utilities’ grid modernization plans support the state’s
objectives and priorities?
o For each planned investment, which objectives and priorities does it support?

What are the drivers of different investments and how should they be
evaluated?

What are reasonable levels of spending and rate impacts for grid
modernization investments?

What performance metrics should be used to evaluate investments?
How should risk management be incorporated into investment
prioritization and decision-making?

How should the different regulatory processes affected by grid
modernization be coordinated — e.g., for utility planning, procurement,
programs, cost recovery, rate design?

February 26, 2021 | 15
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For more information
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» Background reading:
B DOE’s Modern Distribution Grid project

B Berkeley Lab, Benefit-Cost Analysis for Utility-Facing Grid Modernization Investments:
Trends, Challenges, and Considerations

B |IREC and GridLab, A Playbook for Modernizing the Distribution Grid
B NCCETC, The 50 States of Grid Modernization
» Public Utility Commission documents
B California PUC, Decision on Track 3 Policy Issues, Sub-Track 2 (Grid Modernization)
B New Hampshire PUC, Staff Recommendation on Grid Modernization
B Minnesota PUC, Staff Report on Grid Modernization

Dr. Fredrich (Fritz) Kahrl Lisa Schwartz, Deputy Leader
3rdRail Inc. Electricity Markets and Policy Department
(510) 365-5375; fkahri@outlook.com Berkeley Lab

(510) 486-6315; Icschwartz@lbl.gov

https://emp.lbl.gov/
Click here to stay up to date on our publications and webinars and follow us
@BerkeleyLabEMP
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https://gridarchitecture.pnnl.gov/modern-grid-distribution-project.aspx
https://emp.lbl.gov/publications/benefit-cost-analysis-utility-facing
https://gridlab.org/wp-content/uploads/2020/05/Grid-Modernization-Playbook-report-1.pdf
https://nccleantech.ncsu.edu/
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M212/K432/212432689.PDF
https://www.puc.nh.gov/Regulatory/Docketbk/2015/15-296/LETTERS-MEMOS-TARIFFS/15-296_2019-02-12_STAFF_REPORT_AND_RECOMMENDATION.PDF
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7bE04F7495-01E6-49EA-965E-21E8F0DD2D2A%7d&documentTitle=20163-119406-01
mailto:lcschwartz@lbl.gov
mailto:fkahrl@outlook.com
https://emp.lbl.gov/
http://visitor.r20.constantcontact.com/manage/optin?v=001kdAkoVU6ITzX4UcDVi5Hi_3_6nou7uI7jLuglvRGnAWeLqnwLWUxGdnPXbNb0OwVLhS039Ihlxai4hVKbyUwxjmPCETCnBV56yFq_eMIjHXLe_3iMBWmg009whFsKqVIX12TJ5wE6E63jmMEfQC6JKXdXN2UgQTl
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Example performance metrics
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Example category Example performance metrics
» Performance
. . Deployment Extent of planned deployment or number of
metrics will vary Poy : oL S
installations
-aCFI'OS.S . Customer satisfaction Customer experience ratings, customer
jUI'ISdICtIOﬂS, engagement metrics
according to Reliability System-wide or targeted SAIDI, SAIFI, CAIDI, CAIFI
differing
objectives and Resilience Service interruptions and restoration time after
priorities extreme events
Safety Emergency events and response times, accidents
and injuries
Economic efficiency Investment and operating cost savings
Network and data Interconnection times, data access times,
access developer satisfaction
Retail competition Number of customers choosing a competitive
retail option
Program or rate Customers enrolled in EV and other time-of-use
participation rates, utility programs b
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