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Prioritizing Transmission and Distribution Investments

INTRODUCTION

Keep the lights on. Ensure safe, reliable, and affordable service. These are core mandates for electric
utilities. To fulfill these mandates, electric utilities must make prudent investments in reliability programs
and projects to maintain their transmission and distribution (T&D) systems. When load was growing year
over year and power flowed in one direction from centralized generation facilities through long run
transmission and stepped down through distribution facilities, this was a straightforward (if not necessarily
simple) exercise.

Trends are reshaping the electric industry Key Industry Trends
(see inset) and changing how reliability [

programs and projects are prioritized. As | ® Flattening Load Growth — Driven in large part by the
load growth has declined, the revenue widespread effectiveness of energy efficiency
collected from volumetric charges can stall programs, electric load growth is flat to declining in
as well. This pressures capital requests most parts of the United States.

due to the need to manage the rate impact | ® Distributed Resource Penetration — As the cost of
to customers. That, in turn, constrains the distributed renewables, like rooftop solar, have
overall “pie” of available capital. declined, these sources of distributed generation have
Compounding this issue is the need to become more prevalent, resulting in two-way power
flexibly accommodate two-way power flow, flows and ramping rate (i.e., duck curve) challenges,
which requires new types of equipment which require a more robust and flexible grid.

and management systems. These too | e Aging infrastructure —Much of the current electric grid
require significant capital investment or in the United States was built in the mid-20™ century
additional slices of an already constrained and currently reaching end of life, making it more
pie. Finally, utilities are facing an inherent susceptible to failure.

challenge to maintain reliability as
infrastructure ages, and they find they must react to powerful, damaging storms on a regular basis.

As they assess which projects to fund, utilities should bear in mind that regulators will expect the reliability
fundamentals to be strong before sanctioning advanced capabilities. While many jurisdictions have
adopted additional requirements for utilities to address distributed energy resources, none have backed
away from the reliability mandate to minimize the frequency or duration of system disruptions. In this
challenging environment, maintaining or improving reliability requires determining the reliability benefit of
a project per dollar spent and prioritizing projects accordingly.

ScottMadden has helped many utilities get the most reliability for the dollar using a five-step process (see
Figure 1).

Figure 1: Five-Step Methodology
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The process focuses on developing an understanding of the main drivers affecting reliability performance
and identifying the most significant causes of the problems that should be addressed to make
improvements.

There is often an insightful story hidden in the data which will tell you how you are operating the business,
and the objective of data analysis is to find that story. When you understand the main drivers that affect
your performance, then high-impact solutions (often in the form of initiatives) can be developed to address
those drivers.

The sections below illustrate an example of how this type of analysis can help you get the most reliability
for the dollar. The example below uses System Average Interruption Frequency Index (SAIFI); however,
the process is repeatable for any metric.

Step 1: Gather Historical Data

The key to identifying and prioritizing investments in the T&D system begins with an in-depth analysis of
the historical reliability performance data. This type of analysis depends heavily on the accessibility and
accuracy of outage related data. It is of utmost importance that utilities implement robust practices to
ensure that outage-related events are coded and logged correctly and labeled into major categories and
sub-categories to facilitate this analysis. However, it is never the case that the data is pristine or perfect.

Data analysis starts by compiling and organizing all the historical performance data and developing a
structured approach to decompose the information into categories. A common utility practice is to
separate weather-related vs. non-weather-related events. In addition, it is recommended that major event
days (MEDSs) are excluded from the analysis, so you are examining performance under normal operating
conditions. It is recommended that a three or five-year trending analysis be conducted to ensure all new
proposed initiatives address the major performance reliability gaps (see Figure 2). The analysis involves
a deeper dive into each of the major categories and identifying the major contributors affecting
performance.

Figure 2: SAIFI Yearly Performance (Five-Year Trend)
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Step 2: Perform Data Analysis

Trending analysis of the historical data enables the user to determine whether recently implemented
initiatives had an impact on reliability performance and if the major contributors affecting performance
have changed over time. Analyzing the breakdowns of the three-year and five-year averages could
provide the user an idea of where to start (see Figure 3). Like a police detective searching for evidence,
this analysis focuses on scrutinizing the data to find “clues” on what the major offenders are and
developing improvement actions to address them.

Figure 3: SAIFI Performance Breakdown (Three-Year and Five-Year Averages)
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The three-year and five-year average breakdowns in Figure 3 illustrate almost identical results, with the
following four categories representing approximately 72% of the overall performance: Weather/Storm
Related, Failed AC Circuit Equipment, Foreign Interference, and Failed Substation Equipment. Data
analysis efforts should focus first in these four categories, since it provides the user with a higher
probability of improving performance.

To illustrate this point, we’ll focus the analysis on the Failed AC Circuit Equipment category. Figure 3
suggests that a deeper dive into the Failed AC Circuit Equipment category is needed to understand what
is driving such a high number of AC equipment failures in the system. The idea is to further “slice” the
data into multiple views that would help the user identify the common threads driving these equipment
failures and brainstorm practical solutions that would help mitigate the problem.

Step 3: Identify Root Drivers

In most instances, it is possible that a small number of key contributors are responsible for the bulk of
the metric performance. The key for developing meaningful initiatives is to focus on the key contributors
and identify the associated root drivers that led to past outcomes. There are plenty of root cause analysis
methods available to the user (e.g., Five Whys, Fishbone Diagram, etc.), but what is important during
this step is to leverage the data available to justify the expected outcomes of an investment based on
analytics. In other words, each initiative developed through this method will have an associated

&

Smart. Focused. Done Right.® Scottmadden

MANAGEMENT CONSULTANTS

3

Copyright © 2018 by ScottMadden, Inc. All rights reserved.



improvement measure that is based on historical performance. The message to the capital approval
process is, “If you give me X dollars, | will give you Y reliability improvement.” Figure 4 shows a detailed
breakdown of the Failed AC Circuit Equipment category. From this illustration, we can observe that just
nine categories (out of 43) are responsible for approximately 70% of the category performance.

Figure 4: Failed AC Circuit Equipment Breakdown (Three-Year Average)
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Naturally, the next step is to pick the top contributors for further analysis and root driver identification.
During this process, it is important that T&D field personnel are engaged to serve as a “sounding board”
for the analysis (e.g., “have you observed this in the field?”, “what are the most common failures
encountered?”, etc.). The goal is to develop a “hypothesis” on what the root driver might be and find the
facts that prove or disprove your hypothesis. Based on Figure 4, one hypothesis could be that a
substantial portion of underground (UG) transformer failures are simply due to the equipment’s old age.
The user would then need to think through what kind of information is needed to complete the analysis
and search for the data accordingly. For example, for the UG transformer failures, it would be useful for
the user to know the number of failures for the analysis period with corresponding OEM data and install
age. Figure 5 below illustrates this with genericized example data.
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Figure 5: Underground Transformer (UG) Failures (lllustrative — Year 1)

Root Cause Interrupting Equipment
Description Device Description

Customers Outage

Interrupted | Duration (min) SAIFI Impact

Equipment# | Manufacturer | EquipmentAge

Falled AC Circuit 10067891 | UG Transformer | UGNE001045 YY564 Manufacturer Y 13 253 72 0.00051
Equipment
E:'L?; r:;to'r“”“ 10168993 | UG Transformer | UGSW010034 XX720 Manufacturer X 15 343 396 0.00069
Falled AC Circuit 10278564 | UG Transformer | UGSE005612 YY564 Manufacturer Y 18 570 59 0.00114
Equipment
Falled AC Circuit 10299089 | UG Transformer | UGSE013459 XX720 Manufacturer X 17 610 54 0.00122
Equipment
Failed AC Circuit 10043521 | UG Transformer | UGNE006798 XX720 Manufacturer X 18 890 105 0.00178
Equipment
Failed AC Circuit 10400078 | UG Transformer | UGNW013278 XX720 Manufacturer X 12 225 157 0.00045
Equipment
Falled AC Circuit 10074197 | UG Transformer | UGNE025670 27800 Manufacturer Z 4 741 57 0.00148
Equipment
Falled AC Circuit 10050078 | UG Transformer | UGNE009156 27801 Manufacturer Z 10 415 92 0.00083
Equipment
E:'l':;' r:;tc'“”“ 10534580 | UG Transformer | UGSW009878 XX720 Manufacturer X 1 178 57 0.00036
Falled AC Circuit 10221135 | UG Transformer | UGSE01879 YY564 Manufacturer Y 14 525 135 0.00105
Equipment
Failed AC Circuit 10290078 | UG Transformer | UGSE001976 XX720 Manufacturer X 16 990 29 0.00198
Equipment
E:'L':: r::]tc'm““ 10056712 | UG Transformer | UGNE010289 XX720 Manufacturer X 18 490 75 0.00098

Assuming the pattern of equipment failures shown in Figure 5 holds true for all failures within the analysis
period, then one possible driver for UG transformer failures could be the equipment age. Furthermore,
legacy UG transformers from a specific manufacturer (i.e., “Manufacturer X”) could be targeted for
additional analysis and improvement opportunity identification.

Step 4: Calculate Benefits and Develop Initiatives

Once root drivers have been identified, targeted initiatives are developed for implementation. The key for
developing robust initiatives that generate enough “buy-in” from senior leaders is to translate the
conducted data analysis into the expected benefits to be realized. One way to accomplish this is to
calculate the contribution to the metric per outage impact (e.g., SAIFI per Outage) for each initiative and
utilize this calculation as the proxy for estimating the reliability benefits to be gained. Figure 6 illustrates
the metric per outage calculation for the UG transformer example discussed above. It is important to note
that all estimated benefits have an associated “shelf life” with diminishing returns after the first few years
of implementation.

&
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Figure 6: Benefits Calculation (lllustrative)

Description Year 1 Year 2 Year 3 Year 4 Year 5 3-Yr. Avg. 5-Yr. Avg.
Number of Outages 31 43 38 41 38 39 38
SAIFI 0.035 0.038 0.038 0.036 0.035 0.036 0.036
SAIFI per Outage * 0.0011 0.0009 0.0010 0.0009 0.0009 0.0009 0.0010
Initiative Name Replacement of legacy transformers from “Manufacturer X”

Estimated Yearly Outages Prevented ** 5

Estimated SAIFI Annual Benefits *** 0.0047

* SAIF| per Outage = (SAIFI)/(Numbers of Outages)
** Estimated Yearly Outages Prevented: Provided by Engineering and System Health
*** Estimated SAIFI Annual Benefits = (Estimated Yearly Outages Prevented) * (3-Yr. Avg. — SAIF| per Outage)

The next step in this process is to review the different technologies available for each initiative and select
the best technology that enables the expected reliability benefits but also provides additional value to the
organization. Technology selection criteria should consider factors such as, but not limited to:
Corporate/strategic objectives

Grid modernization efforts

Cost

Technology maturity

Operations and maintenance

Training and change management

Step 5: Prioritize Projects

The last but most crucial step of this process is to leverage the data analysis conducted to develop a
structured approach to prioritize all initiatives. To begin, detailed cost information and estimated reliability
benefits are needed for all proposed initiatives. The approach revolves around calculating how much
reliability benefit to expect per million dollars ($1M) in spend. The result is a reliability per cost metric that
normalizes the reliability benefit by the associated cost (i.e., “how much do | get for every million dollars
| spend on this initiative?”). This calculation proves to be a powerful tool to communicate the expected
benefits to senior leaders and secure funding for the next business plan cycle. Figure 7 illustrates this
approach.
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Figure 7: Prioritization Table — SAIFI per $1M (lllustrative)

Year 1 Year 2 Year 1 Year 2 Year 1 Year 2 - Year 1 Year 2

Replacement of legacy transformers

from “Manufacturer X $12.0 $13.5 $1.1 $1.4 $13.1 $14.9 0.0047 0.0004 0.0003 3
Recloser Program $13.0 $13.0 $1.2 $1.2 $14.2 $14.2 0.0051 0.0004 0.0004 2
System Hardening/Wood Pole

Change-Out $9.0 $12.0 $0.9 $1.0 $9.9 $13.0 0.0009 0.0001 0.0001 4
Substation Relay Upgrades $7.8 $8.5 $0.5 $0.5 $8.3 $9.0 0.0078 0.0009 0.0009 1
* SAIFI per $1M = (Estimated SAIFI Annual Benefits)/(Total Cost for Respective Year)

HOW SCOTTMADDEN CAN HELP

ScottMadden can leverage deep industry experience and broad management expertise to help you
deliver results for your organization. We tailor this approach to your specific needs, and we adjust the
scope from a deep dive on a single business issue to enterprise-wide business planning. Specific areas
of expertise include:

Analysis support — ScottMadden consultants bring analytical rigor and an understanding of the entire
electric delivery value chain to support your analysts in digging deep into the data to understand root
drivers and develop the appropriate solutions. We transfer knowledge so you can replicate the process
after the project is over.

Integrating the analysis and prioritization into budgeting processes — Analysis and prioritization alone
provide insight, but to make the results lasting and repeatable, they should be integrated into your
corporate-budgeting processes. ScottMadden can work with your finance and accounting teams to
redefine your budgeting processes to include the analytical rigor necessary

Aligning organization policies, processes, and procedures — Budgeting is not the only process that is
impacted by this type of analysis. Root driver analysis insights will change the way your business units
plan and operate. ScottMadden brings an organized framework to understand the impact of the analysis,
and we will work with your business areas to modify processes to align with the new operating model.

Governance and implementation methodologies — As business processes change, often so do the
governance and decision-making constructs. ScottMadden has deep experience in implementing new
governance models to accompany organizational and process changes.

Developing training material and change management for lasting success — For each project,
ScottMadden considers how these changes should be messaged and tailors the approach accordingly.
The training material developed as part of these efforts focuses on lasting organizational success, using
train the trainer methods, among others.
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ABOUT SCOTTMADDEN

ScottMadden is the management consulting firm that does what it takes to get it done right. Our practice
areas include Energy, Clean Tech & Sustainability, Corporate & Shared Services, Grid Transformation,
and Rates, Regulation, & Planning. We deliver a broad array of consulting services, ranging from strategic
planning through implementation across many industries, business units, and functions. To learn more,
visit www.scottmadden.com | Twitter | Facebook | LinkedIn

ABOUT SCOTTMADDEN’S GRID TRANSFORMATION PRACTICE

For more than 30 years, ScottMadden has helped our clients transform the way they operate, plan, and
maintain the grid and interact with their customers. The Grid Transformation practice focuses on helping
clients adapt to the myriad changes driven by the increasing penetration of distributed energy resources,
such as distributed generation, storage, demand response, and microgrids. We help our clients choose
the path that meets their reliability, customer, and regulatory goals, and then we help them implement it.
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