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ABSTRACT

Optimizing the management of its assets is orfeeahbst
important — indeed vital — responsibilities of awsy
delivery business. Itis through asset managerhantte
enterprise is able to deliver shareholder valuelevht the
same time providing service with the quality expédty
its customers and demanded by its regulators. Fdgier
provides details about the principles for the depehent
and implementation of an integrated asset managemen
program, including information about the tools réea
to (a) develop the numerous complex inputs thatmimf
and enrich the decision-making process, and (biretide
implementation of the asset management programs

INTRODUCTION

Traditional utility thinking places significant rteaints on

the way asset management is approached. This paper

recommends a number of ways for distribution ig#ito
transform their asset management process andessila r
to maximize the value extracted from their asselis,
within the applicable technical, economic, and tatquy
boundaries imposed by the environment in which they
operate.

INTEGRATED APPROACH DESCRIPTION

The integrated approach herewith presented is based
the Asset Management Program (AMP) concept as shown
in Figure 1.

Condition Assessment
Inventory, Diagnostic,
Testing, Monitoring

Acquisition
Planning, Design,
Procurement, Commissioning,
Licenses, CapEx

Financial Management
Accounting, Taxes, Revenues,
Expenses, Cash Flow, Legal

Maintenance
Time Based (TBM), Condition
Based (CBM), Reliability
Based (RBM), Rehabilitation,
Replacement, Costs

Risk Management
Regulatory, Environmental,
Health and Safety, Quality

of Service, Financial

Operation
Balance Run Time,
Best Efficiency Point,
Energy Management, Costs

Disposal
Rescue Value,
Environmental, Legal

Figure 1. Elements of an Asset Management
Program.
However, where this integrated approach innovates

relative to traditional asset management thinkinig ithe
principles and procedures used to develop and imgaié
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the various components of the AMP. These principtes
illustrated in Figure 2 below.

System-
Wide
Approach

INTEGRATED ASSET
MANAGEMENT:

DELIVERING MAXIMUM
VALUE

Holistic

View

Figure 2. Principles of an Optimized Asset
Management Program.

The three principles proposed here for the devedopof
an optimized Asset Management Plan (OAMP) are:

1. Taking a system-wide approachinstead of the
individual asset (or asset class)-based approach
adopted in the development of many asset management
programs today. In this recommended integrated
approach, the management of assets on an individual
basis gives way to the management of the assed base
on an overall grid (or network) basis.

2. Implementing rigorousdecision making under
uncertainty concepts and methods. At its core, asset
management is a complex and continuous decision
making process subject to multiple conflicting

objectives and significant uncertainty.

Adopting aholistic view of the asset management
process. For instance, it should be recognized that
every asset management decision has technical,
economic, and regulatory implications; e.g., them
clear correlation between technical decisions hei t
business implications on network cost and service
quality. Another instance is to recognize thatabset
management function cuts across all facets of the
operation of the power delivery business, from
network management services to customer and market
management services to information technology
services and up to corporate services.
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The above principles enable and support the visidhe
asset management process as a:

e Value Maximizer, by taking a global and
coordinated system-wide view of the impact of every
decision, thus enabling the extraction of maximum
value from the assets.

e Smart Grid Enabler, for instance, by enabling the
optimal integration of every asset with all othesets
to maximize function while reducing cost.

e Multi-Faceted Core Business Functiortonsidering
key utility management processes such as: grid
management (covering network structure, commercial

assets, geographical and topological assets), asset
monitoring and analysis, asset management strategy,

Asset
Portfolio
Strategy

Support Analysis of Asset Investment Strategies
Economic: Market & Price Analysis
Tachnical: Asset Lacation, Capacity, Performance, Reliability

Fleet Asset

PR, Fleet "Risk Profile & Mitigation” Analysis:

Condition Assessment, Reliability Contribution

Practice Objectives & gl
Benchmarking Maintenance Practices, Training,
Parts & Spare Unit Pooling Strategies

Maintenance Objectives
And Strategies

— Asset Diagnostic and Prognosis Services:
itoring & Diagnostics Systems
Asset Data Acguisition & Integration Services

Field Asset Services:
Preventative Maintenance

On line.

Assessment & Data Analysis

Figure 3. Asset Management Solutions.

Equipment Replacement
Substation Retrofit

asset condition assessment, asset planning & Rejiapility Centered Asset Management (RCAMM).

simulation, maintenance planning & simulation, and
network planning & simulation.

MAIN PRINCIPLES OF AN OAMP

This section provides further details about the¢hmain
principles for the development and implementatibaro

The special focus of the RCAM process is to analyze
and forecast system reliability performance takimg
consideration the strategies for preventive maartea
and replacement of components. Different sets of
strategies can be evaluated for high-level indioés
economical and supply reliability performance ower

optimized asset management program (OAMP). We also future study period.

discuss a sample of proprietary tools and solutitetscan
be leveraged to: (a) develop the numerous compfaxs$
(in hierarchical information layers shown in Fig@)ehat
inform and enrich the decision-making process,(apdid
in the implementation of the asset management arogyr
including the asset portfolio strategy and the rganzent
plan of a complex network that is subject to camtins
expansion, adaptation and refurbishment processes.

Principle 1. Taking a System-Wide Approach to
the Development of the Program

In contrast to the individual asset (or asset §lhased
methodologies adopted in the development of masgtas

System supply reliability performance is evaluatsd
means of probabilistic reliability calculations [1[n
contrast with contingency analyses, all relevant
contingency states are modeled based on a stachasti
description of component failures. In case of syppl
interruptions, the supply restoration process iso al
evaluated.

Asset Risk Mitigation Analysis (ARMA™). The
ARMA ™ process focuses on detailed investigations into
both the conditions of certain asset classes aait th
impacts on overall network reliability performantising

management programs today, here is recommended andifferent sets of customer data gathered durinyl fie

approach where the management of assets on ailunaliv
basis gives way to the management of the assetobase
overall grid (or network) basis. One of the main
advantages of this paradigm shift is that it eralthe
evaluation of the business value brought aboutagtring
solutions that balance or trade-off ,for instarieehnical
necessity and overall system economical feasibility

An example of the application of this principle ts

inspections and power industry surveys or contisuou
monitoring of assets [2], this tool calculates &sse
condition and reliability impact indices and deyel@ risk
profile for each asset. The risk analysis can aislude
economic measures, such as equipment and relabilit
costs. From the risk profile a recommended strafegy
each asset is derived (see Figure 4).

Asset Performance Management System (APMS)

perform the asset management recommendations on the€nables utilities to get the most out of their éxgsassets
tenet that decisions need to be based on three veryWhile providing options to improve power delivery

important dimensions (a) technical conditiorof the
assets, (b) importana# every asset to the functioning of
the system, and (c) the relative impafévery asset to the
overall financial/economic performance of the syste

The system-wide approach can be implemented bysnean
of the following sample tools (or combinations ).
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reliability. It supports more informed decision nrakfor
activities (e.g., replace, repair or upgrade) that
significantly affect the asset management bottom IThe
APMS integrated product suite not only monitors and
analyzes the assets and related environmentatiafan,

but it also helps to protect the assets from thefl
damage [2].

Page 2/4



CIRED

CIRED Workshop - Lyon, 7>8 June 2010
Paper 070

(\ r—Replacement
vl [—Refurbishment

Planning Data
(Relisbility)
—Monitoring & Diagnostics
A L p
Inherent & Actual ™
\ Reliability +—Maintenance Strategies
Non-Opertional Dats “\.---"'

(Mzintenance; Comracive Asset M t r—Parts Inventor
it e RskProme i

&3 Asset Canditian
_} Assessment

Operational Data

Figure 4. Asset Management Strategies.
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Principle 2. Implementing a Rigorous Decision
Making under Uncertainty. Concepts and
Methods

At its core, asset management is a complex anthcanis
decision making process subject to multiple cotifigc

objectives and significant uncertainty. With mukip

conflicting objectives the traditional concept
optimization is of limited use since there is uguadb plan
which is “best” in terms of all of the objectivesr

attributes of concern. When a problem has multiple

objectives or attributes there is usually no sirsgikition
which simultaneously optimizes all of them. Thethkat

can be hoped for is a compromise which represents a

reasonable tradeoff among the attributes. Exangblie
relevant uncertainties include the “true” conditimithe

various assets, and the rate at which load demalhd w
grow. The decision making approach discussed m thi

section is illustrated graphically in Figure 5 heldrhis
approach is generally described in [3], [4], [53dd6],

and has been applied successfully by the authoes in
number of asset management engagements (for example

see [6]).

Uncertainties

Scenarios LNl I

- |

Options
Decision
Analysis
Figure 5. Decision Making under Uncertainty.

Key to the successful application of the appro&aioywn
in the literature as Trade-Off Risk or TOR) is twerect
definition of options, uncertainties, and attritautgsee
Figure 5). Options are alternatives that the assetager
can control (i.e., actions or decisions that caraben,
such as replacing or refurbishing an asset). $sfseaific
options are called Plans. Uncertainties, on therdiand,
are variables over which the asset manager hasnimt
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Scenarios combine specific options with given
materializations of the uncertainties. The lattan de
modeled either by means of unknown-but-bounded or
probabilistic representations. Unknown-but-bounded
representations account for the limits on the mexdiel
uncertainties, with no assumptions about their tlgiohg
probability distributions. Unknown- but-bounded natsl

do not introduce biases on the part of the assebgea
relative to the likelihood or not of a certain urtaénty
materializing at a certain level or with a cerfaiabability

or probability distribution.

Attributes are measures of the quality of optionglans,
i.e., costs or benefits. The evaluation of altéwestin the
asset management process involves postulatingbdeedi
and relevant scenarios (i.e., assuming that uringes
materialize at a given level), and testing how such
alternatives would perform in that context. Thiglgs
tradeoffs in the attribute space.

A hedge is an action (or set of actions) that cbeldaken
to mitigate or reduce the risk associated with \zemyi
decision. Hedges seek to add robustness to aysaally

at the expense of some level of sub-optimality .(e.g
hedges generally command a premium).

Since it is not often possible to "optimize a planterms

of each attribute simultaneously, decision-makivgives
assessing conflicting factors to find the best dgraff
between desirable and undesirable effects. The
methodology can aid the final decision-makers (Baxr
directors, chief executive officer, top managemetat) in
choosing a plan and can integrate a wide variety of
options. In other words, the Trade-Off Risk apploia@an
organized way of eliminating many possible plamg dre
dominated or inferior. What is left is in the esdismall

set of plans (the decision set) which represerstorable
compromises.

The above notwithstanding, the asset manager uélyna
has to make a decision (i.e., develop an assetgearent
plan). We assume that decision makers act ratinrall
the sense that they compare the costs and beoéfis
given option/plan and then decide to engage in this
option/plan if it maximizes their perceived retuetative

to cost and the resulting exposure to risk is atetse.

An example of a proxy tool that can be used tosarait a
decision is that of Minimum Regret. This methodksde
maximize the benefits derived from a given decision
while minimizing the potential adverse consequerafes
such a decision.
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Principle 3. Adopting a Holistic View of the
Asset Management Process

At its core, the holistic view recognizes that dmset
management function cuts across all facets of the
operation of the power delivery business, from oekw
management services to customer and market manageme
services, including also information technologywgags,

and corporate services. Further, this principlesgribes
that it's a key issue to recognize that every asset
management decision has technical, economic, and
regulatory implications. For example, there is aacl
correlation between technical decisions and thesirtess
implications (e.g., on network cost and serviceligga

The Strategic Grid Management approach [7] fulfills
requirements for both asset and maintenance maregem
from a strategic view. One of the main tasks oétefic
Grid Management is the optimization of operatioasl
well as capital expenditures (OpEx and CapEx). The
approach itself does not directly reduce one typest or
the other, but it establishes a 360 degree traespgr
related to the grid and its structure based budg€tss
approach provides a tool to quantify and localiastg,
risks, budgets to any kind of grid asset, griddnieny and
grid structure (defined by business value, custorakre,
region, time, among others) allowing further optiation
through strategies and measures.

Other additional functionalities that representatifities
of Strategic Grid Management lead to an efficieeasure
based management of grid operations which als@has
impact on reduction of losses.

CONCLUSION

Asset management is a complex and continuous egerci
of decision making, made the more difficult by faet
that many of the key inputs to the decision makiragess
are subject to significant uncertainty.

The integrated asset management concepts presanted
this article have been successfully applied in sdve
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