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Abstract— Predictive asset analytics solutions help grid 

operators, systems engineers, controllers, and many other 

plant personnel to take advantage of the massive amounts of 

data available today and use it to make real-time decisions 

that have a significantly positive impact on reliability and 

performance. Advanced pattern recognition software 

provides early warning detection and diagnosis of 

equipment problems to help personnel work more 

effectively by providing early warning notification and 

allowing more lead time to plan necessary maintenance, 

ultimately avoiding potential equipment failure and 

improving performance. Power generation and delivery 

utilities can transform their maintenance strategies by 

leveraging data and predictive asset analytics solutions to 

spend less time looking for potential issues and more time 

taking actions to get the most out of every single asset. 
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I. INTRODUCTION 

Power companies that leverage existing data generation and 

collection tools for input into predictive analytics software 

are achieving early warning notification of potential 

equipment problems days, weeks, or months before failure. 

In today’s digital world, an optimally run power plant relies 

on val ensure assets are running reliably and with minimal 

downtime. Streaming in from control systems, SCADA 

systems, distribution management systems, energy 

management systems, equipment sensors, plant historians, 

and many other sources, this data must be organized and 

available to many resources if optimization is to be 

effective. When managing a large fleet of assets across 

numerous sites, making sense of the streams of operational 

data coming in from multiple systems and from remote 

sources can become an impossible task. Most utilities today 

are already using real-time historians to consolidate 

disparate data sources for a more comprehensive view of 

plant performance.[2] Building on that data management 

foundation, predictive asset analytics solutions can leverage 

data from the historian to further improve operations by 

providing early warning detection of equipment issues 

before they lead to failure. To achieve the next level of 

operational efficiency and make the most of the increasing 

amount of information available, generating companies are 

investing in predictive maintenance programs, including the 

implementation of predictive asset analytics software. 

Predictive analytics software helps organizations to gain the 

greatest return on every single asset and, in turn, improve 

overall plant operations. 

A. Achieve Reliability, Performance & Improvements 

Predictive asset analytics software enables operations and 

maintenance personnel to address equipment issues before 

they become problems that significantly impact operations. 

Unscheduled downtime can be reduced because personnel 

receive early warning notifications of developing issues. 

These advanced analytics solutions can identify problems 

days, weeks or months before they occur, creating time for 

personnel to be proactive. Instead of shutting down the plant 

immediately, the situation can be assessed for more 

convenient outcomes. Loads could be shifted to reduce asset 

strain or the necessary maintenance could be scheduled 

during a planned outage, if possible. [1]Maintenance costs 

can also be reduced due to better planning; parts can be 

ordered and shipped without rush and equipment can 

continue running. Additionally, some suggested 

maintenance windows can be lengthened as determined by 

equipment condition and performance. Other benefits 

include increased asset utilization and the ability to identify 

underperforming assets. 

Not only do plants reduce expenses by extending 

equipment life, lengthening maintenance windows, 

increasing asset efficiency and increasing availability, other 

savings are realized when considering the costs that “could 

have been,” including loss of power, replacement 

equipment, lost productivity, additional man hours, etc., 

when a major failure is avoided. Additionally, predictive 

analytics solutions that transform raw data into easy-to-

understand and actionable insights help personnel to further 

improve availability, reliability and decision-making. 

With predictive analytics, personnel know and 

understand the actual and expected performance for an 

asset’s current ambient, loading and operating conditions. 

They know where inefficiencies are and their impact on 

financial performance and can use this information to 

understand the impact of performance deficiencies on 

current and future operations. This information also helps 

utilities assess the risk and potential consequences 

associated with each monitored asset and can be used to 

better prioritize capital and operational expenditures. 

Another benefit for utilities using predictive 

analytics software is the capability for knowledge capture. 

This is increasingly important as many utilities are facing an 

aging workforce due to an influx of workers retiring. 

Knowledge capture ensures that maintenance decisions and 

processes are repeatable, meaning that after more 

experienced personnel leave the company, the information 

and decision-making insights remain available for other 

staff. 

Reliability and efficiency improvements also 

translate into increased customer satisfaction rates. 

Consumers can experience more reliable service with less 

outages because utilities have the insight needed to avoid 

potential equipment failure and forced outages. 
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II. MAINTENANCE PRACTICES 

 
Fig. 1: 

A. Reactive Maintenance 

Reactive Maintenance is the most basic strategy and 

involves letting an asset run until failure. It is only 

appropriate for non-critical assets that have little to no 

immediate impact on safety or the reliable generation of 

electricity and have minimal repair or replacement costs so 

that they do not warrant an investment in advanced 

technology. 

B. Preventive Maintenance 

On the other hand, Preventive Maintenance (PM) 

approaches are designed in hopes that an asset will not reach 

the point of failure. The preventive maintenance strategy 

prescribes maintenance work to be conducted on a fixed 

time schedule or based on operational statistics and 

manufacturer/ industry recommendations of good practice. 

C. Condition-Based Maintenance 

Condition-Based Maintenance (CBM) focuses on the 

physical condition of equipment and how it is operating. 

CBM is ideal when a measurable parameter is a good 

indicator of impending problems. The condition must be 

definable using rule-based logic, where the rule does not 

change depending on loading, ambient or operational 

conditions.  

D. Predictive Maintenance 

If a potential asset failure could result in significant damage, 

safety issues or power outages, the risk is obviously much 

higher, and a more proactive maintenance approach is 

required. [4] Predictive Maintenance (PdM) relies on the 

continuous monitoring of asset performance through sensor 

data and prediction engines to provide advanced warning of 

equipment problems and failures. PdM typically uses 

Advanced Pattern Recognition (APR) and requires a 

predictive analytics solution for real-time insights of 

equipment health. 

Predictive asset analytics solutions are a key part of 

a comprehensive maintenance program to ensure that assets 

are operating optimally and with little risk to the 

organization. According to research by ARC Advisory 

Group, only 18 percent of assets have a failure pattern that 

increases with use or age.2 This means that preventive 

maintenance alone is not enough to avoid failure in the other 

82 percent of assets and a more advanced approach is 

required. Predictive analytics software uses historical 

operational signatures for each asset and compares it to real-

time operating data to detect subtle changes in equipment 

behavior. The software is able to identify changes in system 

behavior well before the deviating variables reach 

operational alarm levels, creating more time for analysis and 

corrective action. 

E. Risk-Based Maintenance 

Risk-Based Maintenance (RBM) is a comprehensive 

prognostic strategy that allows utilities to make decisions 

using PdM, CBM and PM outcomes. As a result, 

maintenance planning and the operation of equipment is 

more reliable and safe. RBM enables organizations to 

balance the probability and consequences of an activity in 

order to gain the most value from their assets. 

III. WHY IS PREDICTIVE ANALYTICS IMPORTANT? 

 

Organizations are turning to predictive analytics to help 

solve difficult problems and uncover new opportunities. 

Common uses include: 

 

A. Detecting fraud : 

Combining multiple analytics methods can improve pattern 

detection and prevent criminal behavior. As cybersecurity 

becomes a growing concern, high-performance behavioral 

analytics examines all actions on a network in real time to 

spot abnormalities that may indicate fraud, zero-day 

vulnerabilities and advanced persistent threats.. 

B. Optimizing marketing campaigns: 

Predictive analytics are used to determine customer 

responses or purchases, as well as promote cross-sell 

opportunities. Predictive models help businesses attract, 

retain and grow their most profitable customers. 

C. Improving operations: 

Many companies use predictive models to forecast inventory 

and manage resources. Airlines use predictive analytics to 

set ticket prices. Hotels try to predict the number of guests 

for any given night to maximize occupancy and increase 

revenue. Predictive analytics enables organizations to 

function more efficiently. 
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D. Reducing risk:  

Credit scores are used to assess a buyer’s likelihood of 

default for purchases and are a well-known example of 

predictive analytics. A credit score is a number generated by 

a predictive model that incorporates all data relevant to a 

person’s creditworthiness. Other risk-related uses include 

insurance claims and collections.[3] 

IV. WHAT DO YOU NEED TO GET STARTED USING 

PREDICTIVE ANALYTICS? 

1) The first thing you need to get started using predictive 

analytics is a problem to solve. What do you want to 

know about the future based on the past? What do you 

want to understand and predict? You’ll also want to 

consider what will be done with the predictions. What 

decisions will be driven by the insights? What actions 

will be taken? 

2) Second, you’ll need data. In today’s world, that means 

data from a lot of places. Transactional systems, data 

collected by sensors, third-party information, call center 

notes, web logs, etc. You’ll need a data wrangler, or 

someone with data management experience, to help you 

cleanse and prep the data for analysis. To prepare the 

data for a predictive modeling exercise also requires 

someone who understands both the data and the 

business problem. How you define your target is 

essential to how you can interpret the outcome. (Data 

preparation is considered one of the most time-

consuming aspects of the analysis process. So be 

prepared for that.) 

3) After that, the predictive model building begins. 

Increasingly easy-to-use software means more people 

can build analytical models. But you’ll still likely need 

some sort of data analyst who can help you refine your 

models and come up with the best performer. And then 

you might need someone in IT who can help deploy 

your models. That means putting the models to work on 

your chosen data – and that’s where you get your 

results.  

4) Predictive modeling requires a team approach. You 

need people who understand the business problem to be 

solved. Someone who knows how to prepare data for 

analysis.  Someone who can build and refine the 

models.  Someone in IT to ensure that you have the 

right analytics infrastructure for model building and 

deployment. And an executive sponsor can help make 

your analytic hope[5] 

V. PREDICTIVE ANALYTICS HISTORY & CURRENT ADVANCES 

Though predictive analytics has been around for decades, 

it's a technology whose time has come. More and more 

organizations are turning to predictive analytics to increase 

their bottom line and competitive advantage. Why now? 

 Growing volumes and types of data, and more interest 

in using data to produce valuable insights. 

 Faster, cheaper computers. 

 Easier-to-use software. 

 Tougher economic conditions and a need for 

competitive differentiation. 

With interactive and easy-to-use software becoming 

more prevalent, predictive analytics is no longer just the 

domain of mathematicians and statisticians. Business 

analysts and line-of-business experts are using these 

technologies as well.[6] 

VI. CONCLUSION 

A large-scale power system is required to have a new 

control system to operate at a higher level of automation, 

flexibility, and robustness. In this paper, a multi-agent 

system based intelligent identification system (MAS-IIS) is 

presented for identification and fault-diagnosis 

methodologies that improve the performance of the plant in 

a wide-range of operation. With proposed architecture of a 

single agent and an organization of the multi-agent system, 

the MAS-IIS realizes on-line adaptive identifiers for control, 

and off-line identifiers for fault-diagnosis in real-time power 

plant operation. The proposed MAS-IIS is one of the 

functions in multi-agent system based intelligent control 

systems (MAS-ICSs) which has several functions that 

provide efficient ways to control locally and globally, and to 

accommodate and overcome the complexity of large-scale 

distributed systems. Predictive analytics is the use of data, 

statistical algorithms and machine learning techniques to 

identify the likelihood of future outcomes based on 

historical data. [7]The goal is to go beyond knowing what 

has happened to providing a best assessment of what will 

happen in the future. 
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