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THE NARUC CENTER FOR 
PARTNERSHIPS & INNOVATION
• NARUC staff team dedicated to providing 

technical assistance to members.

• CPI identifies emerging challenges and 
connects state commissions with 
expertise and strategies to inform their 
decision making.

• CPI builds relationships, develops 
resources, and delivers trainings.

• All CPI support is federally funded via 
cooperative agreements with DOE and 
NIST.
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Newly updated CPI fact sheet with recent 
publications, upcoming events, new 
member working groups
• under Quick Links at: www.naruc.org/cpi
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Carbon management site visit

Late June

National NEVI Conference 
(NASEO / AASHTO led)

Late June

NARUC Summer Policy 
Summit in Austin

July 16 – 19

Western energy justice 
workshop (NASEO led)

Late July

*Microgrids site visit & 
workshop in MD w/NASEO

Late Aug.

NCEP Annual Meeting in 
Indianapolis

Early Sept.

Regional cybersecurity 
training

Mid Sept.

New England energy justice 
workshop

Late Sept.

Gas site visit -- CO

Early Oct.

Integrated energy resilience 
training (2 of 6)

Mid Oct.

Mid-Atlantic energy justice 
workshop (NASEO led)

Late Oct.

NARUC Annual Meeting in 
La Quinta, CA

Nov. 12 - 15

Integrated energy resilience 
training (3 of 6)

Early Dec.

March
April

May July

August

NovemberSeptember

June October December

NARUC Members

Open Invite

Regional

* Limited space available
Draft February 23, 2023



• February 27 – Evaluating Cost-Effectiveness of Grid Mod Investments
• March 20 – Forecasting Loads and Distributed Energy Resources
• April 10 – Reviewing Utility Distribution Plans
• May 1 – Advancing Equity Considerations in Distribution System Planning
• May 22 – Non-Wires Alternatives
• June 12 – Developing Requirements for Utility Distribution Plans 

IDSP PEER-SHARING WEBINARS
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Evaluating the Cost-Effectiveness of 

Grid Modernization Investments

Fredrich (Fritz) Kahrl, 3rdRail, Inc.

Paul De Martini, Newport Consulting

Consultants to Berkeley Lab

PUC peer-sharing webinars on integrated distribution system planning 

Hosted by NARUC, Berkeley Lab and Pacific Northwest National Laboratory

February 27, 2023
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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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► The electricity industry has a 
generational opportunity to 
modernize distribution grids.

► Key drivers of grid modernization 
are resilience and
reliability, electrification, 
distributed energy resources 
(DERs), and new information 
and communication 
technologies.

► Public utility commissions 
(PUCs) across the U.S. are 
struggling with how to evaluate 
the cost-effectiveness and 
allocate the costs of investments 
that expand and modernize 
distribution grids.

Grid modernization investment cost-

effectiveness
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Investment categorization

► Distribution investments are frequently lumped together in grid 

modernization proceedings, but for cost-effectiveness evaluation and cost 

allocation it’s important to categorize investments according to type and 

drivers.

► In terms of type, a high-level taxonomy of investments might include:

◼ Existing infrastructure replacements and upgrades (e.g., 4 kV to 12 kV 

upgrades)

◼ Line extension and service upgrades (e.g., new service requests, amperage 

upgrades)

◼ Distribution capacity expansion (e.g., substation upgrades)

◼ Hardening (e.g., undergrounding, steel/concrete poles, raising equipment)

◼ Grid management (e.g., grid monitoring hardware and software)

◼ Administrative (e.g., meters and backend software, billing software)
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Investment drivers and cost-effectiveness 

evaluation methods

► Investments can be grouped under 
four key drivers:
◼ Joint and interdependent benefits

— core platform investments that are 
needed to enable new capabilities and 
functions in the distribution grid (e.g., 
distribution management systems)

◼ 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 (e.g., replacements and 
upgrades)

◼ Net customer benefits — utility 
investments from which some or all 
customers receive net benefits in the 
form of bill savings (e.g., advanced 
metering infrastructure)

◼ Customer choice — utility investments 
triggered by customer interconnection, 
opt-in utility programs, and customer-
driven reliability improvements, paid for 
by individual customers (e.g., line 
extensions, hardening)

► The investment driver points toward an 
appropriate cost-effectiveness evaluation 
method (right side of figure).

Joint and 
Interdependent 

Benefits

Standards 
Compliance and 
Policy Mandates

Net Customer 
Benefits

Customer Choice

Least-Cost
Best-Fit

Benefit-Cost 
Analysis

Self-Supporting

Investment Driver
Cost-Effectiveness 
Evaluation Method
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Applying economic evaluation methods

► Least-cost best-fit (LCFB) and benefit-cost analysis (BCA) are often 

conflated, but they are used in different situations and answer different 

questions.

► LCBF – used for most distribution infrastructure investments and platform 

software investments

◼ Given that we want some functionality/capability on the distribution system or 

that we want to meet some safety, reliability, or regulatory goal, what is the 

lowest cost way to do so?

► BCA – used for investments in advanced meters (often but not always), 

non-wires alternatives, utility resource procurement and programs

◼ Will an investment enhance welfare (benefits > costs) for all or a subset of 

customers?

► There may be overlap between BCA and self-supporting investments, 

which historically have been addressed through cost-sharing mechanisms 

(e.g., free footage allowances in line extension).
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Example: applying cost-effectiveness 

methods

► A state legislature develops a new statute requiring distribution utilities to 
meet minimum performance standards (e.g., outage frequency and duration, 
service restoration times) during extreme weather events.

► The PUC orders regulated utilities to review performance standards, 
approaches, and propose spending to meet these standards. The order also 
requires utilities to integrate microgrids that several communities have 
proposed.

► Evaluation and cost allocation
◼ LCBF: The law deems major hardening investments (e.g., raising substations in 

flood zones) to be in the public interest and that taxpayers will pay for them, up to 
a specified dollar cap. 

◼ LCBF: Investments that exceed the cap and more minor investments that are 
needed to meet the standard are financed by the utility, included in the utility’s rate 
base, and paid by the utility’s customers, if the Commission determines the costs 
are prudently incurred.

◼ BCA: Net of wholesale benefits, the utility finds that microgrids are not a least-cost 
approach to meeting the performance standard. 

◼ Self-supporting: The utilities file a tariff for microgrid exports based on avoided 
costs. The PUC approves the tariff. Microgrid customers pay for net microgrid 
costs (incremental costs minus tariff revenues) and the higher reliability that it 
provides.
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Distribution expenditure evaluation challenge

► Transformation of energy use from fossil fuel to clean 

electricity will place considerable demands on the 

electric grid.

► Distribution systems will require expenditures, both 

capital investments and operational expenses (e.g., 

software as a service and non-wires alternatives), to 

enable policies and meet customer needs.

► Nearly all grid expenditures result in incremental costs* 

and related rate impacts, as most are not offset by 

utility operational savings.

► External factors such as inflationary effects on 

equipment and labor costs create an additional 

challenge.

► This requires navigating several interrelated factors 

(see figure) that will ultimately shape a financially 

reasonable trajectory to address desired outcomes.

Affordability 
& Equity

Policy &
Customer

Drivers

Utility 
Constraints

Grid Needs

Inflation 
& Other External 
Cost Drivers

Evaluate utility distribution expenditure plans within a holistic frame

* While non-wires alternatives may avoid capital costs, they typically require utility payments to DER 
aggregators or directly to participating customers. These payments are usually treated as operating 
expenses. Both traditional and non-wires solutions are incremental costs that impact retail rates, although 
capital investments impact rates differently than operating expenses.
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Project vs. portfolio cost-effectiveness

► But evaluation of individual grid modernization projects is not sufficient to determine 

whether an overall distribution expenditure plan is reasonable.

► It also is necessary to consider if the proposed portfolio of expenditures:

◼ Clearly addresses more than one identified statutory and/or regulatory objective

◼ Represents an integrated set of projects that are complementary

◼ Represents a set of projects that are part of a series of expenditures to address identified 

statutory and/or regulatory objectives

◼ Represents a prioritized set of expenditures given the urgency of grid needs that address 

identified statutory and/or regulatory objectives and utility financial and resource constraints

◼ Represents an optimized set of expenditures respecting customer affordability and equity 

considerations

► Distribution expenditure plans require a multi-objective decision-making framework to 

evaluate these considerations.

Project cost-effectiveness is the first step to evaluate an overall distribution plan. 

The objective is to achieve the highest value per dollar expended –
“value-spend efficiency”
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Development of multi-objective distribution plans

Improve Asset 
Health & Safety

Address asset 
conditions that 
lead to failure

Improve 
Reliability

Reduce 
frequency & 
duration of 
outages

Increase 
Capacity

Expand 
capacity to 
address load 
growth & DER 
adoption

Improve 
Resilience

Address climate 
threat risks to 
critical grid 
infrastructure

Promote Equity

Ensure benefits 
of the grid are 
fairly 
distributed

Planning
Objectives

Integrated distribution planning should address the development of 
prioritized and optimized multi-year distribution plans.
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DOE’s Modern Distribution Grid guide

► Volume IV of the guide 

includes an economic 

evaluation framework for 

grid modernization 

investments.

o Aims to inform approaches 

to evaluating economics 

and managing costs and 

risks of grid modernization 

investments

► No textbook approach —

multiple reasonable paths to 

achieving the same broad 

goals
U.S. Department of Energy. Modern 

Distribution Grid Volume IV: Guidebook

(final draft)

https://gridarchitecture.pnnl.gov/modern-grid-distribution-project.aspx
https://gridarchitecture.pnnl.gov/modern-grid-distribution-project.aspx
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Economic evaluation framework

► Framework has three 

basic stages:

► Stakeholder input 

throughout the 

process can help 

regulators reduce 

information 

asymmetry, improve 

outcomes

Develop/prioritize objectives, 
set spending limits

Identify investment needs, 
priorities, timelines

Link needs to objectives, 
develop performance metrics

Evaluate investments using 
targeted approach

Make investments

Evaluate investments, 
adapt investment strategies

Coordinate regulatory 
processesPlanning

Deployment

Evaluation
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Strategies for managing costs and risks: 

stakeholder initiatives and utility planning

► Developing objectives and priorities for grid modernization through 

stakeholder initiatives

o Examples: Hawaii (Grid Modernization Strategy), Michigan (MI Power Grid), 

New York (Reforming the Energy Vision), 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)

https://dms.puc.hawaii.gov/dms/DocumentViewer?pid=A1001001A17A05B01613H26476
https://www.michigan.gov/mpsc/0,9535,7-395-93307_93312_93593---,00.html#:~: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
http://www.energy.ri.gov/electric-gas/future-grid/
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://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
https://www.xcelenergy.com/staticfiles/xe-responsive/Company/Rates%20&%20Regulations/IntegratedDistributionPlan.pdf
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Strategies for managing costs and risks: 

analysis, pilots, metrics, and incentives

► 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: Illinois 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

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#{A025276E-0000-C611-824F-D1573C3FE154}


Evaluating the Cost-Effectiveness of Grid 
Modernization Investments

Grace Relf, Hawaii Public Utilities Commission
NARUC Webinar on Integrated Distribution Planning

February 27, 2023

Hawaii Public Utilities Commission
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Hawaii Public Utilities Commission

Presentation 
Roadmap

• The Hawaii Context

• Integrating Distributed Energy 
Resources (DERs)

• Advanced Metering Infrastructure (AMI) 

• Evaluating cost-effectiveness

• Performance Incentive Mechanism (PIM)
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Setting the stage: State Policy
• 100% carbon neutrality goal by 

2045

• Climate change emergency 
declaration

• Renewable Portfolio Standard of 
100% by 2045

Hawaii Public Utilities Commission 17

Source: HECO 2021 Sustainability Report



Setting the stage: Regulatory Context

• Regulated entities:

• Vertically integrated investor-owned utilities on each island –
together, the Hawaiian Electric Companies (HECO)

• Kauai Island Utility Cooperative (KIUC)

• Independent energy efficiency administrator – Hawaii Energy

• HECO is now regulated under Performance-Based 
Regulation (PBR)

Hawaii Public Utilities Commission 18



Investments for Integrating DERs

Hawaii Public Utilities Commission 19

• Distribution planning is part of 
Integrated Grid Planning (IGP)

• DERs are already being 
dispatched for grid services by 
the utility & aggregators

• Valuation of DER grid services is 
occurring via IGP modeling

• “Freeze” scenario assumes no 
DER growth & calculates 
avoided costs



Investments for Integrating DERs

Hawaii Public Utilities Commission 20

• Existing costs recovered via a 
surcharge

• New costs covered via 
approved rate base budget, 
including:

• Customer Interconnection Tool

• Billing updates

• New software

• Exploring a PIM for DER grid 
services



Advanced Metering Infrastructure 
(AMI)

Hawaii Public Utilities Commission 21

• Full deployment expected 2024

• Companies are required to 
track all costs and benefits

• Costs are recovered as a “major 
project” expense, net of 
benefits

• Methodology for quantifying 
benefits expected 2024



Categories of AMI Benefits

Hawaii Public Utilities Commission 22

• Reliability

• Identify & restore power 
outages

• DER integration

• Economic

• Reduce operating costs

• Increased customer programs 
and tools

• Customer Satisfaction

• Energy usage portal & data 
access

• Improved billing accuracy



Advanced Metering Infrastructure PIM
• Reward for customers with AMI delivering at least 2 of 3 identified benefits:

• Customer authorization to share data with 3rd parties

• Customer enrollment to receive energy usage alerts

• Customer enrollment in a next-generation DER or time-of-use 
program

• Potential rewards are between $1 and $2 million for 
meeting the following targets (% of total customers 
delivering at least 2 benefits):

• 2021: 2.5 – 5%

• 2022: 10 – 15%

• 2023: 20 – 30 %

Hawaii Public Utilities Commission 23



Performance

• AMI PIM:

• Companies have 
requested modifications 
to the PIM citing 
challenges to benefit 
implementation

• Requested modification 
of the target 
denominator

• Requested modification 
to the benefits included

Hawaii Public Utilities Commission 24
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Mahalo!
Grace.e.relf@hawaii.gov
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Evaluating Cost Effectiveness of 
Grid Modernization Investments: 

A Michigan Perspective

Joy Wang

Michigan Public Service Commission

February 27, 2023 
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https://www.michigan.gov/mpsc


Disclaimer

■ All views expressed are solely my own and do not express 
the views of the Michigan Public Service Commission.  

■ The Commission speaks through its orders.

Slide | 28
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Agenda 

■ Michigan background
■ Reviewing utility investments
− Challenges
− Approaches/Questions 

■ Current and Next Steps

Slide | 29
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Michigan Background: Rate Cases

■ Projected test year
■ Varied frequency
− Annually for large electric utilities
− About every 2-3 years for major gas utilities
− Less frequently for smaller investor owned 

utilities (IOUs)

■ Challenges
− Limited visibility into the future (12 month test 

year)

Slide | 30
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Michigan Background: 
Distribution Plans■ To provide better visibility into investments long into the future

■ Guiding principles
− Safety 
− Reliability and resiliency
− Cost effectiveness and affordability
− Accessibility

■ Time horizon: 5, 10, and 15 year horizons

■ Filed in MPSC Case No. U-20147 by three IOUs
− Consumers Energy Mar 1, 2018 June 

30, 2021
− DTE Electric Jan 31, 2018

Sept 30, 2021
− Indiana Michigan Power Apr 3, 2019 Sept 

30, 2021

■ Future distribution plans to be filed by:
− Alpena Power Company by Sept 30, 2024
− Northern States Power Company by Sept 30, 2024

Slide | 31

https://www.michigan.gov/mpsc
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https://mi-psc.force.com/s/filing/a00t000000RaQapAAF/u201470070


Reviewing Utility Grid Mod 
Investments

■ Reasonableness and prudency review in rate 
cases
− Distribution plans informational only

■ Projected test year provides forecasted costs 
and short outlook
■ Frequency and volume of rate cases can be 

overwhelming
− Ex. MPSC Case No. U-20836 DTE Electric rate case
□ Application filed on 1/21/2022
□ 3,711 pages of testimony and exhibits
□ Commission orders

− Rate case: 11/18/2022
− Denied petition for rehearing: 2/2/2023

□ New rate case (U-21297) filed: 2/10/2023
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Challenges in Reviewing Utility Grid 
Mod Investments
■ High number of testimony and exhibit pages
■ Still lacking investment details
− Discovery/audit questions requesting information 

on:
□ Project descriptions
□ Business cases
□ Projected benefits and amounts
□ Further details on capital and O&M costs

− Commission directions to provide more of the 
above

Slide | 33

https://www.michigan.gov/mpsc


Challenges in Reviewing Utility Grid 
Mod Investments
■ Past pilots not clearly defined & lacked clear 

findings
− 2/8/2021 order in No. U-20645 adopted definition 

of pilot and objective criteria for utility pilot review
□ A pilot is a limited duration experiment or program 

to determine the impact of a measure, integrated 
solution, or new business relationship on one or 
more outcomes of interest.

− Objective criteria for review requires details on:
□ Pilot need and goals
□ Pilot design and evaluation plan
□ Project costs & benefits
□ Timeline
□ Stakeholder engagement plan
□ Public interest

Slide | 34
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Challenges in Reviewing Utility Grid 
Mod Investments
■ No uniform benefit-cost analysis (BCA) in MI 

currently
− Utilities have own BCAs or project prioritization 

developed in house
□ What is included/excluded?
□ Comparisons across utilities difficult

■ Interest in developing MI-specific jurisdictional 
BCA
− In U-20898, Commission requested proposals for 

MI-specific uniform BCA requirements for 
evaluating pilot proposals
□ Received utility proposals in early Feb 2023

Slide | 35
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Review Approaches/Questions for 
Utility Grid Mod Investments
■ Do project goals help meet the detailed need?

■ What do the forecasted costs assume and why?

■ How do projected benefits compare to costs?

■ Did the Company spend the prior approved forecasted amount?
− Did it over or underspend it?  If so, why?

■ If it was piloted, did the Company collect data to answer the initial 
questions to justify full deployment?

■ What alternatives were examined?  Why were they not selected?

■ What is future functionality and longevity?  Are stranded assets a 
concern?

■ Does the project have internal approval to proceed?
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Current and Next Steps

■ Meetings with the utilities to better 
understand:
− Advanced Distribution Management System 

capabilities
− Distribution system investments

■ Development of MI-specific jurisdictional BCA 
for pilots
■ Pursue pilots to inform future innovation 

deployments
− Expedited pilot review for innovative pilots 

approved on 2/23
− Explore alternative business models
□ Approval of transit battery/eBus batteries pilot in 

U-20836
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Questions?

Joy Wang
wangj3@michigan.gov
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