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What is Grid Modernization and Why Is It Important?

More than 2,000 communities in the United States are served by public power utilities. These utilities
typically provide electric, water, or gas service. Similarly, there are over 900 electric cooperatives that cover
more than half of the nation’s landmass and serve more than 40 million people. Both public power utilities
and electric cooperatives are vital parts of local economies, as they have a strong focus on serving their
communities. Electric power grid and water services are delivery systems that interface to each home and
business in a community. Historically, the utilities” primary concern was the delivery of reliable power and
water to its customers. However, the utility landscape is changing due to technical and societal drivers. Grid
modernization allows preparing the power delivery grid to address these drivers, which include:

e Evolving expectations of customers regarding reliability and resilience
e Increasing dependency of our digital economy on electric power

e Evolving changes to weather patterns (e.g., more frequent and more severe storms and catastrophic
events, such as tornados and hurricanes)

e Impacts of human events (e.g., sabotage, terrorism, etc.)

e Stress imposed on the existing grid by the adoption of new technologies, such as distributed energy
resources (DER) and transportation electrification

e Increased residential demand due to epidemic or pandemic events

Grid modernization enables key capabilities and features for a modern and future grid, including [1]:

e Greater RESILIENCE to hazards of all types

e Improved RELIABILITY for everyday operations

e Enhanced SECURITY from an increasing and evolving number of threats

e Additional long-term AFFORDABILITY to maintain our economic prosperity

e Superior FLEXIBILITY to respond to the variability and uncertainty of conditions at one or more
timescales, including a range of energy futures

e Increased SUSTAINABILITY through energy-efficient and renewable resources

Examples of grid evolution and modernization drivers include the growing frequency and impact of major
weather events, and the increasing adoption of renewable generation (particularly wind and solar) and
electric transportation, as shown in Figure 1, Figure 2 and Figure 3.

U.S. electricity generation by major energy source, 1950-2019 (TWh) U.S. electricity generation from renewable energy sources, 1950-2019 (TWh)
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Figure 1. U.S. Electricity Generation by Major Source (1950-2019). Source EIA [2]
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Figure 2. U.S. Billion-Dollar Disaster Events 1980—2020 (CPI Adjusted). Source: NOAA [3]
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Figure 3. U.S. Plug-In Electric Vehicle (PEV) Sales by Model. Source: U.S. DOE [4]
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Grid Modernization Roadmap

The objectives of a grid modernization roadmap are to enhance and strengthen grid planning, operations,
and engineering activities, as well as to identify and prioritize key infrastructure investments in support of
the utility vision and goals. A grid modernization roadmap allows for the identification and prioritization of
strategic programs to realize a modern and future grid. The grid modernization program goals are to:

e Increase reliability and resiliency

e Increase real-time monitoring, protection, automation, and control

e Increase overall operational efficiency

e Comply with regulatory and policy requirements (e.g., electrification, distributed energy resources,
emissions reduction, etc.)

The key steps for a grid modernization effort are shown in Figure 4. To take a utility’s vision and create a
roadmap, itis important to have a planning team involved from beginning to end. The planning team should
be cross-functional and multidisciplinary to have all key areas represented. The communication plan should
include the utility departments, but also include members of the board of directors and key customers.
Due to the evolving drivers for grid evolution and modernization previously discussed, a utility may want to
start by reviewing their vision to make sure it aligns with their present mission.

Create a Planning Team
Create a Communication Plan

Define your Utility’s Value and Mission Statements

Develop an Action Plan for Various Programs
Review and Modify Regularly

Figure 4. Key Steps for Developing a Grid Modernization Roadmap

“Our utility saw a strategic benefit in working with Quanta to develop a coordinated Modernization
Roadmap as part of a long-term plan to modernize core operational systems and technology. It is critical
to appropriately select an order of these investments to maximize operation benefits and improve
customer experience at an effective cost and in a planned manner.”

Joseph G. Bunch | General Manager and CEO
Utilities Commission, City of New Smyrna Beach
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This paper focuses on the development of a grid modernization roadmap. A grid modernization roadmap
leverages industry best practices to set the basis for transforming and preparing for the future according
to the utility’s vision and goals. The roadmap outlines key initiatives or programs needed for the
organization to improve the overall performance of the power delivery system. This involves taking full
advantage of planning-team discussions and workshops to develop a roadmap that meets a utility’s needs.
For example, a utility focused on improved reliability might consider implementing grid modernization
programs such as feeder automation, targeted undergrounding, and/or Outage Management System
(OMS) deployment.

The development of a grid modernization roadmap includes the following steps:

1. lIdentify key components of the utility’s vision and goals.
Develop a preliminary list of key programs needed for achieving the utility’s goals.
Benchmark existing utility practices and potential programs against industry trends and leading
practices.

4. Develop a benefit-cost analysis to create a metric for prioritizing the grid modernization programs.
Costs and benefits should be weighted by relative importance to meet utility goals (e.g., reliability and
resilience, sustainability, efficiency, etc.) and parameters such as investment, risk, complexity, maturity,
and others.

5. Sequence and categorize programs. Once the programs are prioritized, proper sequencing of the
programs must be considered. Programs are categorized as foundational and non-foundational.
Foundational programs impact one or more other subsequent programs and are direct pre-requisites.
Foundational programs must be deployed first and are given higher priority in the overall roadmap
timeline.

The process for creating a grid modernization roadmap shown in Figure 5. The team must determine the
appropriate balance of quantitative and qualitative analysis. Utility goals, best practices, cost, risk, and
technical options all play a role in the overall evaluation.

Industry Wide Perspective

Industry Trends &
Best Practices

v

Define Top-down
Grid Modernization
Programs

Clustering,
Reconciliation & [&d
Alignment
Bottom-up Program
Requirements

I

Utility Team
Interviews,

prelminasy Gnd Review, Discussion FmaliceGrd Cost Benefit
Modernization g s &ed Modernization g . —  Roadmap
and Finalization Prioritization
Programs Programs

Brainstorming &
Discussions

Local Utility Perspective

Figure 5. Grid Modernization Process Overview
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®

I Programs — Building Blocks for Grid Modernization

A grid modernization roadmap consists of a prioritized portfolio of programs. Programs are projects or
initiatives that can be implemented to realize the desired functionality, capability, or other specific utility
goals. For example, if one of the utility’s key drivers is reliability improvement, then programs that reduce
the frequency and duration of service interruptions are potential options to be considered (e.g.,
implementing feeder automation [5], deploying an OMS, or enhancing vegetation management practices).
If a utility wants to support providing enhanced information to customers, program options could include
website upgrades to enhance customer interaction or an interface to hourly consumption from an
Advanced Metering Infrastructure (AMI) program with smart meters. Note: A program can support several
utility’s drivers. For example, AMI will improve reliability, this is accomplished by faster notification of
service interruptions via last gasp messages (instead of customer trouble calls) and will enhance customer
information by providing usage information. Figure 6 shows examples of potential grid modernization
programs.

Figure 6. Programs Realize Key Features and Capabilities of a Modernized Grid
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Once a program is identified, it is prioritized based on information such as:

e Benefits: Quantitative and qualitative benefits from implementing the program

e (Capital costs: Initial, fixed, one-time investment required to implement program

e O&M costs (annual): Recurring costs, including operations, maintenance, licenses, etc.

e Anticipated savings: Qualitative discussion of areas for expected savings

e Assumptions: Relevant assumptions used to calculate costs (e.g., unit costs, customer base, etc.)

Additional factors such as program complexity, technology maturity, implementation risks, organizational
readiness, etc., can be considered in the benefit-cost analysis and prioritization. Figure 7 shows examples
of prioritized programs.

Selective
Undergrounding - Overhead
System Hardening

PRIORITY 3 PROGRAMS

Energy Conservation - Work Mgmt System+
Real-Time Monitoring and Control - Qutage Mgmt
System = DER Evaluation and Implementation = Cyber
and Physical Monitoring & Response * Advanced Distribution
Mgmt System = Holistic Asset Mgmt and Condition-Based Maint
PRIORITY 2 PROGRAMS

Improved V ion Management - Dama|

o

PRIORITY 1 PROGRAMS

Customer Education / Survey = Telecommunications Systems * Modern Distribution Planning = Geographic
Information System = Advanced Metering Infrastructure * Employee Training / Change Management

FOUNDATIONAL PROGRAMS

Figure 7. Prioritized Programs are the Building Blocks of a Grid Modernization Roadmap
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For the development of the grid modernization roadmap, however, the sequencing and scheduling of the
prioritized programs must be considered (see Figure 8). Foundational programs are required for other
programs (e.g.,, AMI is a prerequisite for OMS, telecommunications is a prerequisite for real-time
monitoring and control, etc.), and they can be sorted into priority levels for implementation. Foundational
programs are considered strategic and are often the highest priority from a roadmap perspective.

jprogram#1  Highest Priority — Foundational Program

Program #21 r\‘

VQI'" ,1 Program #2
| /
Program #20 [ | I Program #3
5
|
Priority 4 Program #19[™.__ 4 ]
| | Program #4
3
|
2 -
| _,] Program #5
| Program #6
......... 4
S d " program#7  Priority 1
A
7 { { \\ - Foundational Programs
If' _." 'xl \ X ] Program #8
/ H H N A iori
Y i : 8 - Priority 1 Programs
i H \ | Program #9 doade il
i 1 b Priority 3 Programs
Program #13 N - ty 8
Program #10

Program#u{ 'l Program #11
Figure 8. Grid Modernization Roadmap
Once the roadmap is complete, the team needs to communicate it to stakeholders and begin to develop

an action plan for the program rollouts. It is important to plan periodic reviews of the program
implementation and overall status.
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AMI and Smart Meters

AMI and smart meters are typically foundational since AMI provides significant information on grid
operation, enables new functions critical to renewables, and provides timely information to a utility and
customer. For smaller utilities, an AMI program may be the major basis for a grid modernization plan. For
this reason, we will provide additional information on AMI systems and their role in grid modernization.

AMI System Consist of:
Smart Meters

Communications =
AMI Headend E@ _ y)

Interfaces to other systems

MDM (May be Virtual Servers for
° BI”IHB Virtual) AMI, OMS, ete. )
5 @R > Vendor Cloud
* Outage
* Planning

Customer
Information Print Server
System

Other City IT
Systems

Firewall
Cell, Fiber, Private
., Radio, etc.

Utility Enterprise Local Area Network (LAN) /
Wide Area Network (WAN)

Utility Offices

Electric, Water, and Gas
Smart Meters

Workstations

Figure 9. AMI System Overview

“Like most small cities that operate utilities, Newberry’s elected officials are very much in tune with the
sentiments of our customer base. Our staff presented the concept of automated metering infrastructure
to our city commission as a means to address some deficiencies in meter reading. The city commission
quickly realized the value in providing daily and hourly utility consumption data to our customers, and
the opportunities it would provide in making decisions related to utility consumption. The commission
directed staff to initiate a project to implement AMI technology in Newberry. Our team recognized the
complexity of deploying AMI, and while all are experts in their area of operation, they wisely
recommended that we partner with a third-party consultant to make sure we realized the benefit of a
consultant’s experience. We selected Quanta Technology after a thorough evaluation of several firms.
Their expertise and experience in successful AMI deployment projects was key to their selection as our
project partner.”

Mike New | City Manager
City of Newberry, FL
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AMI Relationship to Grid Modernization

As previously noted, AMI has a strong relationship to grid modernization since it supports many other
programs that can be implemented. An AMI system provides a utility and its customers with higher-
resolution consumption data and two-way communications, which support key elements of a modern grid

(6].

These benefits or use cases cannot be achieved by merely installing the network and
meters. Many will require integration with ADMS or other software solutions that
allow the data to be analyzed, visualized and paired with other data.

Reduce/eliminate estimated reads
Revenue protection
. Reliability metrics
Demand response verification/thermostat programs
. Demand response and load shifting for EV charging
*  Enables new rate options (e.g., time of use and prepay)

Improved power quality

Validation of voltage compliance

Visualizing the data/Increased system visibility
Volt/VAr optimization (VVO) and conservation
voltage reduction (CVR)

Switching analysis

Load forecasting and projected growth
Equipment investments and upgrades (e.g.
distribution transformers, substation
transformers, etc.)

Line loss studies

Circuit phase load balancing

Identifying
Unsafe

Validation of primary circuit model
GIS and network connectivity corrections
Mater to transformer mapping/transformer
load management

y Phase identification and mapping

Model
Validation

Identifying unregistered
customer-owned systems
Understanding the impacts of
customer-owned systems
Determining DER capacity
Informing policy

Verifying outages through meter pings
Estimating restoration times
Service order automation through remote
connect/disconnect

*  Identifying outage locations
Determining cause of outage
Customer communications

*  Determine fire-caused outage using

Proactive maintenance

+  lIdentifying over and underloaded transformers Source: Voices of Experience,
temperature data 8 Td .fy. J bid dictiibuti | | d Leveraging AMI Networks and
Identifying which phase of wires are down entifying bad distribution voltage regulators an Data, U.S. DOE

distribution capacitors
Identifying hot sockets

Figure 10. AMI and Grid Modernization

AMI Benefits and Savings

An AMI system offers many benefits to a utility. These benefits include the following:

e Use of net metering to enable more widespread use of solar or other renewables

e Improved customer satisfaction with customer web portal features such as:

11

Detailed views into electric and water usage during the month with at least an hourly granularity
Flexible payment options including bill-date selection, different rates (TOU, demand, etc.), prepay,
and levelized billing

Alternate rate comparison capability to allow customers to examine “what if” scenarios had they
been on an alternate rate

Customer alerts and notifications based on budget and/or electric consumption targets, outages,
leaks, etc.

Ability to schedule power re-connect/disconnect

Improved city outage response and restoration speed with detailed knowledge about location and
extent of outages in near-real-time (each meter provides outage information to an OMS system for
processing to determine the location)

© 2020 Quanta Technology, LLC All rights reserved.



Promotes environmental responsibility by reducing truck rolls and enabling remote resolution to
address customer concerns such as billing-read verification

Tamper and theft notification
Improves overall conservation with features such as:

= Detailed customer electricity and water usage information to identify high electric or water usage
in shorter timeframes before they become critical

= |dentification of water leaks in shorter timeframes
= |dentification of system losses with system water balance and electric consumption analysis
A communications canopy that other programs can utilize

An AMI system will also result in savings for a utility. Examples of savings include the following:

Administrative cost reduction — bill-check/re-reads and estimates
Elimination of route meter reading

Less on-site time for outage restoration

Removal of on-site meter connects/disconnects

Reduced non-technical losses of electric and water

Improved electric and water revenue from replacing slow meters
Detection of water leaks

Vehicle costs/fuel reductions

Overtime cost reduction for after-hours reconnects

Rapid tamper detection — revenue loss reduction

Cash float — shorter read-to-bill cycles

Meter replacement recovery (partial)

Reduced sewer forgiveness on service-side leaks

Water balance — loss reduction

Many of the quantifiable benefits (hard savings) are shown in Table 1. This list includes specific items that
should be used in a benefit-cost analysis. This list may be expanded for any utility based on other hard
savings they might identify. Benefits that are harder to quantify (i.e., “soft benefits”) are also shown in Table
1. Although difficult to do, it is possible to quantify some benefits depending on the utility’s decision to
pursue a particular program (e.g., the employee safety line item). For instance, a utility could gather
information on lost time and other expenses associated with accidents on customer premises related to
meter reading. Many other soft benefits can be identified depending on each utility’s drivers. For example,
one might list improved environmental responsibility as a soft benefit of reduced truck rolls.

Table 1. AMI Benefit-Cost Analysis Topics

Hard Savings . Soft Benefits

Administrative cost reduction — bill-check/re-reads Employee safety — reduced on-customer-premises
and estimates time
Elimination of route meter reading Customer usage data and alerts
Less outage/restoration on-site time Faster detection of theft
No on-site power quality checks Faster notification of outage and restoration
12 © 2020 Quanta Technology, LLCHrights reserved.



Hard Savings . Soft Benefits

Removal of on-site connect/disconnect Faster notification of customer-side leaks
Reduced non-technical losses, electric Better power quality monitoring — Voltage
Reduced non-technical losses, water Enabler for future tariffs

Improved water revenue from replacing slow meters Flexible billing dates (if CIS supports)

Improved electric revenue from replacing slow

meters Aggregated billing (if CIS supports)

Prepay option — Less deposit — Improved cash
management

Water leaks

Support for future grid modernization activities -

Vehicle costs/fuel reductions L
/ electrification/solar/load control

Overtime cost reduction for after-hours reconnects
Rapid tamper detection — Revenue loss reduction
Cash float — Shorter read to bill cycles

Meter replacement recovery — Partial

Reduced sewer forgiveness on service side leaks

Water balance — Loss reduction

What about water? Many public power utilities and co-ops implement AMI systems without going through
a benefit-cost analysis since the operational efficiencies and customer benefits are believed to be self-
evident. However, Quanta Technology has been involved in benefit-cost analyses for public power utilities,
and some surprising results have emerged. One of these surprising benefits is the value of an AMI system
in identifying and localizing water leaks. Literature shows that municipal unaccounted-for water losses
average 16% with losses over 26% being seen [7,8]. These unaccounted-for losses generally appear to be
due to older, slower water meters under-registering, as well as real losses due to service-side distribution
system leaks and leaks in transmission and distribution mains [8]. Strategic placement of non-billing AMI
meters at system boundaries and other key distribution system locations can help identify actual losses,
while newer water meters can help eliminate these apparent losses. Other losses identified in the AWWA
Water Balance can often be identified and mitigated via a water system audit.

“The City of Clewiston had been interested in updating its utility metering with an AMI system for some
time to modernize our utility operations. Through Florida Municipal Power Association (FMPA), we were
introduced to Quanta Technology who has been a very valuable resource to help the City navigate the
complexities and cost associated with a procurement of this nature. Quanta’s expertise and their
professionalism has been extremely valuable in assisting Clewiston in the process. | am glad they will
continue to be working closely with our team on the deployment of the much-anticipated AMI system
in our community.”

Randy Martin | City Manager
City of Clewiston, FL
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Typical Phases of an AMI Project

Figure 11 shows the 3-phase approach that Quanta Technology has used for some municipal AMI projects,
which allows commissions to approve each phase prior to initiation. We have found this incremental
approach has been well-received by municipal councils.

Phase 1 is the initial part of the project. It includes internal assessments, such as IT systems, utility system
priorities and resulting draft RFP development are included in this phase.

Phase 2 is the portion of the project where the RFP is finalized, issued, and evaluated, and a contract is
awarded.

Phase 3 is the deployment phase. This includes IT system integration, overall system testing, field
mobilization, and field deployment.

Phase 1 Planning

1. Assessments (readiness and gaps)
2. Priorities defined
3. Cost Benefit Analysis
4. Strategy development
5. Draft RFP development
Phase 2 Selection
1. Finalize RFP & Issuance
2. Bid evaluation
3. Reference visits
4. Contract finalization
Phase 3 Implementation
1. Projectinitiation
2. IT system integration
3. Systemtesting
4. Full deployment
Figure 11. Phases of an AMI Project
Conclusions

The grid modernization roadmap sets the basis for transforming and preparing utilities for the future. It is
a practical method to prioritize investments to realize a future based on a utility’s vision and goals. By using
a defined process that integrates a utility’s vision and industry best practices, key functionalities and
programs can be combined to provide a prioritized list of initiatives for investment. The grid modernization
roadmap should enhance and strengthen a utility’s grid planning, operations, and engineering activities,
and identify and prioritize key infrastructure investments in support of their local vision for supporting the
community and meeting the needs of the 21 century.
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