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ABSTRACT 

Smart Distribution strategies are being widely adopted 

across the industry. This paper serves as a practical 

guide to estimating the benefits associated with Smart 

Distribution (SD) technologies. The methodology defined 

will assist utilities in making proactive capital 

expenditure (CAPEX), operational expenditure (OPEX) 

investments and justify these expenditures during rate 

hearings. Also, the methodology will assess, estimate and 

calculate numerical values of benefits associated with 

this smart distribution technology.  

More specifically, the study will assist utilities in an 

evaluation of equipment benefits and develop supporting 

business cases for the fault location, isolation and service 

restoration (FLISR) and voltage/VAr optimization (VVO).  

INTRODUCTION 

This paper serves as a practical guide to estimating the 

benefits associated with Smart Distribution (SD) 

technologies. The methodology defined will assist 

utilities in making proactive capital expenditure and 

operational expenditure investments, and justify these 

expenditures during rate hearings.  

This guide will assist utilities in an evaluation of 

equipment benefits and develop supporting business 

cases for the Fault Location, Isolation and Service 

Restoration (FLISR) and Voltage/VAr Optimization 

(VVO) strategies. These operational strategies represent a 

substantial opportunity for many utilities for a variety of 

reasons, namely the following: 

Performance: The technology improves critical system 

performance measurements and supports operational 

flexibility. 

Maturity: The technology has been proven; however, in 

general not fully exploited. 

Information and system improvements: As 

information, modeling, integration between systems, 

software and hardware and communications technologies 

improve, there may be additional opportunities to reap 

further benefits. 

Scalability and cost: Solutions are often scalable, can be 

evolved over time, can be applied over a fairly short 

time-horizon and can augment the efficiency of existing 

equipment. 

 

Distribution systems are inherently complex given the 

myriad of equipment, equipment condition, 

configurations, load characteristics, environments as well 

as utilities’ financial and regulatory considerations. Even 

the technology solutions listed offer a variety of options 

from control to deployment strategy. This variation 

creates complexity in analysis but also creates 

opportunity, as the same application on one circuit may 

yield drastically different cost-effectiveness on another. 

This guide will segment and clarify the key issues and 

trade-offs for benefits estimations and ultimately what 

makes a FLISR or VVO application a success. 

PAPER DESCRIPTION 

The paper aims to assist utilities in evaluating the benefits 

and develop supporting business cases for FLISR and 

VVO strategies. 

 

This is done by presenting the following approach: 

 

- Overview of Benefit-Cost Methodology 

- Overview of FLISR and VVO solutions 

- Identification of Benefit-Cost Categories 

- Identification of Impact Factors 

- Identification of Systems and Data Involved 

- Overview of Business Case Guidelines 

Overview of Benefit-Cost Methodology 

The benefit cost methodology illustrated in this paper can 

be broken down in the following steps and is illustrated in 

Figure 1: 

Problems definition: The nature and complexity of the 

problem will define the level of detail the analysis will 

require.  

Solutions identification:  All possibilities to address the 

problem defined in the first step are identified here. 

Benefit categories definition:  The monetizable benefits 

associated with each solution identified are defined here.  

Soft benefits can also be defined, but should be kept 

separate from the benefit cost analysis. 

Cost categories definition:  The costs associated with 

the solutions or groups of solutions identified are defined 

here. 

Analysis tools and approaches selection:  The tools and 

approaches selected here will depend on the depth of 

detail required in the problem definition, as well as the 

nature of the benefits and costs associated with the 

solutions identified. 
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Impact factors identification:  Factors having an 

overarching effect on solutions and the nature are 

identified in this step. 

Financial calculations:  The benefits and costs identified 

are projected over a project life in this step. 

Results prioritization:  The results obtained by the 

financial calculations can be prioritized based on various 

factors identified here. 

 

 
Figure 1: Benefit Cost Methodology 

 

The methodology was applied to each FLISR and VVO 

solutions. 

 

Overview of FLISR Solutions 
 

Reliability can be improved by either preventing outages 

from happening (i.e., preventative solutions), or 

improving the response of the system (i.e., responsive 

solutions). FLISR can improve the response of the system 

by: 

- Locating faults faster 

- Reducing the scope of outages by having more 

protective points 

- Reducing the time it takes to isolate faults for a 

partial restoration by reducing switching time 

Solutions can be categorized to estimate costs for each 

category. These solutions can be applied to a circuit to 

determine the incremental benefits (providing a realistic 

per-unitized cost and benefit for the purposes of 

estimations). Practical solution categories for the 

purposes of pricing are as follows: 

- Reactance to fault (RTF): Applied to a 

substation or circuit. 

- Voltage drop fault location (VDFL): Applied to 

a circuit. 

- Remotely operated single midstream recloser: 

applied to a circuit midstream with no existing 

recloser. 

- Remotely operated retrofitted single midstream 

recloser: applied to a circuit with an existing 

recloser. 

- Remotely operated 1.5 switches scheme: applied 

to a circuit midstream and a single tie-switch. 

- Remotely operated 2.5 switches scheme: applied 

to two devices circuit midstream and a single 

tie-switch. 

- Fully automated 1.5 switches scheme: Applied 

to a circuit midstream and a single tie-switch. 

- Fully automated 2.5 switches scheme: Applied 

to two devices circuit midstream and a single 

tie-switch. Remotely operated line voltage 

regulator: applied to a circuit. 

The stages of restoration and the impact that the FLISR 

solutions can have are described below in Figure 2. In 

situations where the repairs take less time than it would to 

switch, the field crew may opt to not do a partial 

restoration illustrated by Switching/Repairs. Partial 

restorations can be multi-staged involving upstream or 

downstream restoration, potentially even from multiple 

ties, not illustrated for the sake of clarity. Other stages not 

shown for simplicity are dispatch and reconfiguration. 

 
Figure 2: Restoration Stages and Benefits of FLISR 

Additionally, some vendors provide data management 

software, which are developed to provide additional 

reporting and analytics capabilities and to facilitate the 

integration of their sensor devices with the utility 

distribution management system or Historian.  The 

massive amount of data provided by power sensors is not 

only an integral part of many smart grid strategies; it also 

provides secondary benefits mainly related to outage 

detection and management. Incidental benefits from 

sensor deployment can include the following: 

- Detecting and avoiding asset overloading 

- Evaluating power quality across the system in 

real-time to assist in determining the root cause 

- Detecting faults quickly, and reducing outage 

time by improving crew dispatch and line 

inspection times 

- Provide high-resolution data for analytics 

before, during, and after disturbance events 
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Overview of VVO Solutions 

The purpose of this strategy is to reduce technical losses 

and peak demand by reducing the amount of reactive 

power flow in the system, and reducing energy 

consumption by lowering the voltage across the system as 

a form of demand response (DR).  Reducing line losses 

means reducing the voltage drop along the feeder, while 

lowering demand also reduces current on the line, and 

therefore losses.  The following figures illustrate the most 

common type of Volt and Var control concepts. 

Capacitor bank / 
voltage regulator

Controller

Current / voltage 
sensor

 
Figure 3: Conventional VVO Concept 

 
Figure 4: Substation VAr Optimization Concept 

 

Figure 5: Secondary Network VVO Concept 

 

 
Figure 6: I VVO Concept 

 

Each of the approaches detailed in the overview of VVO 

solutions section present different control strategies, and 

CAPEX requirements.  In general, there are three ways to 

implement the VVO application, these are as follow: 

- Capacitor banks, line regulators and substation 

LTC controlled independently from each other 

with operations based on local voltage and 

current sensors reads. 

- Substation LTC and voltage line regulators 

integrally controlled with operations based on 

signal from voltage controller processor, which 

is driven by voltage reads from the EOF.  

Switched capacitor bank controlled based on 

signal from VAr optimization processor, which 

is driven by voltage and current reads from the 

substation RTU. 

- Capacitor banks, line regulators and substation 

LTC integrally controlled with operations based 

on signal from the DMS running the IVVO 

application, which is driven by iterative power 

flow solutions. The power flow analysis is 

actualized with periodic remote reads from 

current and voltage sensors distributed 

throughout the system. 

Identification of Benefit-Cost Categories 
The illustration in Table 1shows benefit categories and 

solutions with a qualitative estimate of relative benefits 

significance (dark green being highly significant and light 

green being relatively less significant). This figure is only 

intended to be used as an illustrative guideline as a 

utility’s unique system and significance of metrics will 

likely change this dynamic. For example, if a regulator 

and stakeholders place a high value on the societal value 

for reliability it by nature would be more significant. 
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Table 1: Benefit by Solution/Technology Type 

Identification of Impact Factors 
Impact factors are factors which can influence the overall 

benefits either currently or over time (estimating benefits 

based on historical information), costs (determining 

which equipment should be used) or time-value of 

results. A detailed table is available in the paper to show 

a list of subjective levels of criticality by common 

impacts factors for a strategic analysis.  

Certain impact factors are used primarily for estimations 

of one solution type or another; this is illustrated in table 

2 below. 

Table 2: Impact Factor Criticality 

 

Identification of Systems and Data Involved 
Information can come from various sources to conduct a 

benefit cost analysis. FLISR and VVO solutions make 

use of various systems, sensors and data sources in near 

real time. This section discusses some of the common 

elements of systems and data with particular emphasis on 

communication. A primary detractor of data sources in 

general is the overall maintenance and data validation 

required to make use of this information for operations. 

To the extent possible it is recommended that a unique 

data source and clear process be used to insure accuracy 

of multiple systems. This can be done by integrating 

systems or the flow of data which supports them: 

- Geographic Information System 

- Outage Management System 

- Distribution Management System 

- Other Data Sources 

- Communication infrastructure 

- Smart Grid Standards 

Since different applications and operational functions can 

have different requirements this should be looked at from 

a company-wide perspective. 

Overview of Business Case Guidelines 
 

The following guidelines are used to create a business 

case report, and are loosely based on the guidelines and 

procedures to create capital investment business case, as 

defined by the treasury of New South Wales
[6

 

An organization should consider evaluating deployment 

option and developing a business case upon one of the 

following events happening: 

- Excursion from mandated regulatory compliance 

metrics under normal circumstances, such as 

reliability metrics 

- Identification of other problems either from 

internal or external audit, such as power delivery 

inefficiency, or a high level of renewable energy 

penetration 

- Advent of promising new or improved 

conventional technology, such as smart 

distribution devices, communication 

improvements, and energy storage options 

The purpose of a business case document is to present 

background information on the problem and solutions 

considered, modeling assumptions results, and ultimately 

solution comparisons, recommendations, and 

implementation details.  This document should be 

developed with the intent of reaching an audience that 

ranges from technically-oriented engineers to high-level 

management, and should at a minimum contain the 

components detailed in the following subsections. 

- Executive Summary 

- Problem Statement 

What is the technical impact of the problem?   

Why is the problem occurring?  The 

identification of the nature of the problem 

should validate the choice of solutions presented 

in the paper. 

Who, meaning which stakeholder, is impacted 
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by the problem?  This can either be a customer, 

a regulatory body, or the organization itself, 

which will help in determining the criticality of 

addressing the identified issue. 

Where is the problem occurring on the electrical 

system?  This can be a specific location (e.g. 

reliability of a key account or critical customer, 

such as a hospital), or a broader area (e.g. highly 

loaded 4kV distribution circuits)  

- Solutions 

The identified solutions should be presented in 

details with diagrams, sources, and associated, 

as exemplified in the FLISR and VVO Solution 

sections. 

- Benefit-cost 

Compare the results from the benefit-cost 

analyses and deployment requirements taking 

into consideration their sensitivity to the 

assumptions used. 

- Comparison and Recommendations  

The optimal solution will mainly depend on the 

type of benefit-cost analysis performed as well 

as the results prioritization.  Additionally, 

although some solutions may look appealing 

from a cash flow point-of-view, some external 

factors have to be considered (e.g. quality of 

internal expertise, availability of material, space 

requirements for deployment, etc.). 

- Implementation plan 

Upon identifying the most appropriate solution or set of 

solutions, a detailed implementation plan should be 

developed.  The purpose of this section is to estimate the 

necessary personnel, timeline, and strategy for the 

deployment of solutions.  This is particularly critical if 

the benefit-cost analysis was conducted for a group of 

circuits, as opposed to a finite few locations, or if the 

solution requires communications, in order to prioritize 

how the solution should be deployed.  

CONCLUSIONS AND RECOMMENDATIONS 

Strategic and Detailed Analysis 

Strategic analysis is used to determine the impacts of 

solutions system-wide to optimize investment. Detailed 

analysis involves statistics, impact factors, and detailed 

modeling to determine impact specific to circuit 

characteristics. 

Screening Technology 

Conduct strategic analysis to understand the relative scale 

of benefits and costs of various technologies and 

strategies. 

Common Project Solutions 

Defining common project solutions facilitates system-

wide extrapolation on a per-circuit basis.  
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