
SYSTEM AND EQUIPMENT DEPENDABILITY: 
CRITICAL TO GRID RELIABILITY AND RESILIENCE 

The reliability and resilience of the na  on’s electric 
grid is gaining more and more a  en  on, and u  li  es 
are looking for ways to con  nue to increase their 
systems’ reliability and resilience.

And more work needs to be done. The U.S. 
Department of Energy reports that the average 
customer experiences 198 minutes of electric power 
unavailability per year.

According to a recent U.S. Department of Energy 
report, “Transforming the Na  on’s Electricity 
Sector: The Second Installment of the Quadrennial 
Energy Review - January 2017,” the reliability of the 
electric system underpins virtually every sector of 
the modern U.S. economy. “Reliability of the grid 
is a growing and essen  al component of na  onal 
security,” said the report. “Standard defi ni  ons of 
reliability have focused on the frequency, dura  on, 
and extent of power outages. With the advent of 
more two-way fl ows of informa  on and electricity, 
reliability needs are changing, and reliability 
defi ni  ons and metrics must evolve accordingly.”

The DOE report defi nes “reliability” as the ability 
of the system or its components to withstand 
instability, uncontrolled events, cascading failures, or 
unan  cipated loss of system components. It defi nes 
resilience as the ability of a system or its components 
to adapt to changing condi  ons and withstand and 
rapidly recover from disrup  ons.

While reliability and resilience of the transmission 
system are important, the focus is really on 
distribu  on. According to the DOE report, “Electricity 
outages dispropor  onately stem from disrup  ons on 
the distribu  on system (over 90 percent of electric 
power interrup  ons), both in terms of dura  on and 
frequency of outages.”

The Role of Equipment in Reliability 
and Resilience
What are the causes of outages? There are many. 
However, according to the American Public Power 

Associa  on in its report, “Evalua  on of Data 
Submi  ed in APPA’s 2015 Distribu  on System 
Reliability & Opera  ons Survey,” EQUIPMENT 
FAILURE is the most common cause of sustained 
outages for its u  lity members. 

According to the APPA survey of its members, 
equipment failures have a total occurrence rate 
of 2.54 per 1000 customers (2.02 for overhead 
equipment failure, and 0.52 for underground 
equipment failure). In second place is wildlife (2.37), 
followed by weather (1.38), vegeta  on (1.04), and 
unknown (0.76).

The DOE report expanded on the importance of 
reducing equipment failures. “The electricity system 
is experiencing an increasing array of ‘sub-second’ 
events that require response  mes that are far too 
short for humans to react. One of the driving forces 
making smart grids necessary is the prolifera  on of 
smart devices; each one is capable of microscopic 
frequency disrup  ons, which cumula  vely present an 
unprecedented challenge for system operators.”

The DOE report added, “Grid control systems now 
handle, sense, and control endpoints numbered 
in the thousands.” Widespread distributed energy 
resources (DER) and demand response (DR) 
penetra  on implies that future grid control systems 
may have to coordinate millions of end point control 
devices to support grid func  ons.

The APPA report also made the link between 
equipment performance and reliability: “Reliability 
indices help engineers and other opera  ons 
personnel see and show the interconnected nature 
of the many independent system components that 
make up an electric distribu  on system. Many 
physical factors impact overall distribu  on system 
reliability. Among the commonly considered 
factors are system voltage, feeder length, exposure 
to natural elements (overhead or underground 
conductor rou  ng), sec  onalizing capability, 
redundancy, conductor type/age, and number of 
customers on each feeder.”
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The APPA report con  nued by no  ng that, since 
resources are limited, reliability-related system 
improvement decisions must involve some trade-
off s. In some cases, improving system redundancy 
is the most important enhancement that can be 
iden  fi ed through reliability studies. Addi  onal 
redundancy can lead to resiliency, or the ability 
to withstand or recover from larger shocks to the 
system, which can improve reliability numbers 
during extreme events and catastrophes.

Power quality is another important aspect of 
reliability that is determined to a large extent by the 
“health” of grid equipment. “Typically described 
in terms of voltage fl icker, sag, and swell, power 
quality is a signifi cant concern for u  lity engineers,” 
said the APPA report. “Delivery of high-quality, 
fl icker-free power is especially important to many 
large industrial loads. A momentary interrup  on 
can cause electric industrial equipment to trip off , 
leading to costly produc  on losses.”

In sum, power interrup  ons, whether they be of 
lengthy dura  on or short dura  on, that are due to 
an aging or failing infrastructure equipment can be 
devasta  ng to a community - its residents and its 
businesses.

Equipment Management Strategies
“The clear implica  on is that preven  ve system 
maintenance programs can be a valuable tool to 
reduce outages,” said the APPA report. 

When it comes to strategies that APPA members 
use to improve outage preven  on, the most 
common is vegeta  on management/tree trimming 
(93 respondents repor  ng the use of this strategy), 
followed by animal/squirrel guards (86), distribu  on 
inspec  on and maintenance (74), thermographic 
circuit inspec  ons (68), review of worst-performing 
circuit (54), lightning arresters (53), and others, 
including conver  ng overhead to underground,

transformer load management, covered wire, root 
cause analysis, and “circuit rider” programs.

Respondents also reported specifi cally spending 
 me focused on the status of their substa  on 

transformers. The report noted that, “In a typical 
distribu  on system, the substa  on is the delivery 
point for power. As a result, maintaining and 
opera  ng the substa  on transformers is important 
to the reliability of the power system. Every  me 
a transformer is overloaded, its useful life is 
decreased.”

Besides having a proac  ve program in place to 
assess the status of equipment, the availability of 
replacement parts is also important. “It is important 
to ensure that key grid components are available 
in the event of emergencies,” said the DOE report. 
“The shortage of cri  cal electrical equipment can 
cause signifi cant delays for power restora  on.”

The DOE report also noted that u  li  es should have 
robust supply chains and inventory management 
systems that help ensure the availability of 
spare transformers, including the stocking of 
interchangeable spare transformers, the ordering 
of conven  onal spares in advance, and the early 
re  rement of conven  onal transformers for use as 
spares.

In addi  on, according to the DOE report, the 
loss of mul  ple large power transformers (LPTs) 
may overwhelm a system and cause widespread 
power outages, increasing vulnerability and the 
poten  al for cascading failures. “Replacement of 
mul  ple failed LPTs is a challenge, due to the cost, 
and the complex and lengthy process involved 
in the procurement, design, manufacturing and 
transporta  on of this equipment,” said the report. 
“These processes can take months, depending 
on the size and specifi ca  ons of the needed LPTs, 
even under an accelerated schedule and normal 
transporta  on condi  ons.”
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As a way to protect themselves, the DOE report 
recommended that u  li  es: take addi  onal steps to 
prevent or minimize damage to LPTs, purchase and 
maintain spares, iden  fy a less cri  cal transformer 
on its system that could be used as a temporary 
replacement, and/or set up contracts to procure 
LPTs through mutual assistance agreements or 
par  cipa  on in industry sharing programs.

Finley Engineering’s Role

How can Finley Engineering help in these cri  cal areas? Finley off ers an Electrical 
System Assessment to:
• Iden  fy poten  al system failures that would create longer-than-acceptable 

outages for your customers
• Evaluate the current condi  on of major equipment components in order to 

establish a lifecycle repair and replacement plan

Finley not only assesses your system, but also provides cost-eff ec  ve, proac  ve 
plans for providing reliable power to your community.

In specifi c, Finley’s Electrical System Assessment will iden  fy and provide:
• Es  mated system outage dura  ons for equipment failure
• Replacement and/or maintenance of cri  cal equipment
• Pricing and lead  mes for new equipment
• Pricing and stock availability of the secondary market
• Strategic and effi  cient improvements

Popularity of mutual assistance agreements and 
industry sharing programs is growing. The DOE 
report noted three such programs are already 
in existence: NERC’s Spare Equipment Database 
program, Edison Electric Ins  tute’s Spare 
Transformer Equipment Program (STEP), and 
SpareConnect. It added that there are three more 
programs currently in development: Grid Assurance, 
Wa  stock, and the Regional Equipment Sharing for 
Transmission Outage Restora  on (RESTORE).
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