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SUMMARY  

Utilities are under increasing pressure to efficiently and reliably deliver energy services, 

despite facing the multiple challenges of an increasingly complex market, aging 

infrastructure, retiring experienced workforce, regulatory uncertainties and constrained 

budgets. New sensors that digitalize field asset operational data and rely on operational OT 

(operational technology) solutions to reliably predict asset health are helping utilities meet all 

these challenges while enhancing efficiency and reliability.  

FirstEnergy is on the cutting edge of applying this technology, recently launching an Asset 

Performance Management (APM) system with the ABB Ability Asset Health Center™ 

(AHC) at its core. The transition to this data-driven approach to performance optimization is 

already delivering benefits and results to FirstEnergy’s stakeholders, including customers and 

employees. 

This paper showcases FirstEnergy’s efforts as an example of how a forward-thinking utility 

can successfully transition from retroactive, operational reporting and time-based 

maintenance to prescriptive analytics and predictive maintenance. It reviews the utility’s data 

analytics journey, starting with how FirstEnergy identified and isolated specific areas where 

high-value data could most effectively be leveraged. It also describes FirstEnergy’s 

assessments of data quality and the process of collecting, cleansing, and formatting the data, 

then mapping it to fields within the AHC.  

FirstEnergy’s APM system is now in production and being scaled up across the organization. 

It is providing engineers with dashboards that provide asset health data, including near real-

time-data that has enabled them to create a far more proactive approach to maintenance. The 

solution is helping the organization meet its goals of more accurate health prediction, 

enhanced O&M budget prioritization, capital replacement prioritization, and improved 

utilization of field data.  
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INTRODUCTION 

Project Background 

FirstEnergy, headquartered in Akron, Ohio, includes one of the nation's largest investor-

owned electric systems with more than 24,000 miles of transmission lines and a diverse 

generating fleet having a capacity of nearly 17,000 MW. Its 10 regulated distribution 

companies serve six million customers in the Midwest and Mid-Atlantic regions.  

The utility set a goal to transition from its traditional, retroactive operational reporting and 

time- based maintenance to a predictive maintenance and prescriptive analytics approach. The 

advent of lower cost sensor technology, communication technology and the ability to digitize 

data across the asset fleet have also allowed utilities and other organizations engaged in power 

transmission and distribution to start down this path.  

A predictive asset health approach addresses some of key concerns of managers responsible 

for maintaining utility assets, including: 

• Aging infrastructure, with many of the largest transmission and distribution assets 

already beyond their expected lifecycle. A 2012 report found that 70% of transformers 

are 25 years or older and 60% of circuit breakers are more than 30 years old [1].  

• Aging workforce, with the most-experienced engineers and technicians being eligible 

for retirement in the next six to eight years [2].  

• Fixed Operations and Maintenance budgets, with a need to be more efficient in the 

use of resources [3]. 

Predictive maintenance strategies can only be fully and effectively realized with the 

availability of asset heath data in real or near-real time [4]. An ever-increasing number of 

intelligent devices and sensors that monitor asset health attributes are available to provide the 

required data [5]. However, utilities struggle with ways to collect, compile and process that 

data.  

FirstEnergy and ABB teamed up for the implementation of the ABB Ability Asset Health 

Center™ (AHC) tool and developing an appropriate strategy to identify, collect, and 

transform data available in multiple silos across the organization to make inferences about the 

health of its asset fleet including power transformers, high voltage circuit breakers and station 

batteries. Working cooperatively with ABB staff, FirstEnergy engineers, IT professionals, and 

field personnel managed the process of creating the appropriate data streams required by the 

AHC tool.  

ADDRESSING THE DATA NEEDS 

The data acquisition process was not a one-time migration, but rather establishing ongoing 

streams of properly formatted data from a variety of sources to inform FirstEnergy’s APM 

system. 

Envision desired to-be data  

The first step in the process was envisioning the to-be state of the data, beginning with the 

basic data parameters. ABB provided FirstEnergy with the basic requirements. AHC can 

accept a long list of asset health data parameters, and the more parameters provided the 

greater the validity and accuracy of AHC’s analyses.  
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In the case of substation transformers, with only nameplate information, dissolved gas 

analysis, and standard oil test, it is possible to predict the transformer’s health with a 70% 

confidence interval. Clearly, with increasing data availability there is a higher level of 

confidence with regards to predicting the health of the asset, when it will fail, and when to 

take action to avoid potential maintenance issues as shown in the figure below.  

 

Risk of Failure Confidence Based on Available Data  
(Substation Transformers) 

 

FirstEnergy had to decide the scope and level of detail it wanted to pursue in its initial data 

acquisition project, with an eye toward the needs of the ultimate APM system. This initial 

decision is a balance of data integrity, data availability and the value of the existing data.   

To make a decision of when to “turn on the tool”, a clear understanding of the formatting of 

the data is critical.   FirstEnergy and ABB spent the beginning of the project discussing 

templates. While the AHC is a flexible tool, it requires properly formatted data from a 

structural standpoint. As an example, units of measurement need to be properly followed in 

that temperatures must be specified in degrees Celsius. Considering the required to-be state of 

the data pointed out all the needed data reformatting and conversions.  

For any asset performance tool implementation, while not part of the core data acquisition 

consideration, the need for dedicated staffing required to ensure a successful deployment is as 

important as the actual data. Dedicated FirstEnergy staff members were required throughout 

the entire data acquisition, as well as establishing a team to sustain the data streams. 

Assess as-is data  

Based on the AHC tool’s requirements and FirstEnergy’s goal for the initial implementation, 

the FirstEnergy team assessed its current data sources.  

Based on a template of required parameters, the team began its exploration of the FirstEnergy 

data ecosystem. The search covered the spectrum from existing digital sources to paper-based 

information. Much of FirstEnergy’s data was paper-based, collected during testing sequences. 

Some of its test equipment did not or was not able to produce an electronic record.  
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This search for, and assessment of, as-is data is a process varies from one utility to the other. 

Utilities that have expanded through the acquisition of other energy providers often find 

themselves with a collection of diverse and incompatible systems with islands of data in 

inconsistent formats. In contrast to the actual data, FirstEnergy is well set up specific to the 

data ecosystem due to the utilization of a consistent set of tools and procedures across the 

footprint of all 10 FirstEnergy operating companies. 

As the team went down the list of required parameters, they asked several questions:  

• What tools and systems does FirstEnergy have that could include this data?  

• What historical data was available and how much, if any, of it should be back-

populated? 

• What data wasn’t available in an existing system and would require a new data 

collection system?  

• What data existed in paper form and would have to be digitalized and mapped to the 

fields in the AHC tool? 

• What data existed in digital form but would require reformatting to map to fields in 

the AHC tool?  

• What data could be ported “as is” into the AHC tool?  

With the to-be and as-is states defined, the data acquisition team conducted a gap analysis to 

establish the scope of the effort required to create the required data streams. One of the 

notable gaps was the absence of electronic Doble data for transformer and bushings. This data 

is critical to accurately scoring the health of these devices and predicting their life. The data 

was captured but not available in a format that could be easily integrated with a connection to 

the AHC tool. To solve this problem, FirstEnergy initiated an effort to create the connection 

between its Doble test system and its EAM system, Cascade™. From there, the connectors 

were built to the AHC tool.  

Another example is related to the battery banks at the substations. None of the test results was 

available electronically or from a central location. The data was available only as a paper file 

at field locations. The solution in this case was to dispatch people to all of the substations to 

collect and consolidate the data. The data was transmitted via an Excel upload facility 

integrated with FirstEnergy’s EAM. This effort encouraged FirstEnergy to develop a new 

procedure and train field personnel to digitize battery test results and store them 

electronically. 

Alterations or new connections to an enterprise system like these must be done with caution 

to ensure no adverse impact on any other connected or sub-systems.  

One of the outcomes from the as-is assessment was the discovery that FirstEnergy’s data tag 

numbering scheme wasn’t able to fit the format of the AHC tool. Based on ABB’s experience 

in other implementations, FirstEnergy adopted new internal naming conventions for its PI 

database. 

The gap analysis resulted in a punch list of needed activities and a general roadmap for 

identifying required data streams. It also included a clarification of appropriate steps for 

accomplishing its goal of system-wide deployment. Different opportunities and paths to 

realizing this goal will emerge for every organization depending on the as-is assessment based 

on the following questions:  

• Are the needed sensors and required communications infrastructure already in place?  
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• Does it make sense to address one operating company, one class of assets system wide 

or some other strategy?  

• Where can the greatest benefits (lowest total cost of ownership, least complexity, ease 

of implementation etc.) be realized?  

The answers to these questions will lead to an appropriate starting point for the transformation 

process. FirstEnergy chose to start in one geographic location prioritizing the largest assets, 

which included about 250 devices (transformers, circuit breakers, and batteries) at 32 

locations. This allowed the FirstEnergy and ABB teams to gain needed experience and 

understand the impacts of data integrity and data acquisition, and pilot the AHC tool 

implementation and associated data collection process in a controlled environment.  

Determine data governance 

Discussions about data sources and the to-be state led to deeper conversations related to data 

governance. Based on FirstEnergy’s goals, the team established data requirements that 

included:  

• Accuracy: What level of data precision was required and could the existing 

systems/sensors provide it? If not, what changes were necessary?  

• Frequency: How often did each parameter for each asset need to be sampled and/or 

transmitted? For some assets or parameters, near real-time data is essential to ensure 

timely response to critical issues. But with over 500,000 substation assets, some with 

multiple sensors, the volume of data would overwhelm the communication systems. 

Decisions were made about the appropriate frequency of data transmission for each 

asset and parameter.  

• Timeliness: Was there an optimal time to receive each piece of data? This is to ensure 

that inferences made about an asset’s health are not outdated or “stale”.  

• Granularity: How detailed did each piece of data need to be? This, again, impacts the 

volume of data transmitted.  

• Retention: Asset health data history, when properly analyzed, can provide valuable 

insights. Some data, though, contributes relatively little to that analysis. Decisions 

were made about what data would be kept and for how long.  

Careful cleansing and control of the data is critical to ensure valid APM analytics. Garbage 

in, garbage out is the rule.  

One of the issues that must sometimes be overcome is data ownership. In most organizations, 

the data will be found in a variety of functional silos, such as transmission, distribution, IT, 

retail and others. While these departments may not have been communicating well with one 

another in the past, they will have to be linked and coordinated in new ways to enable the 

required data streams in the new paradigm.  

There were only a few issues related to data ownership at FirstEnergy. While there were the 

usual locational silos, the field locations were cooperative in aggregating decentralized data 

for loading into the tool. Some of this success was due, no doubt, to proactive work on 

FirstEnergy’s part to identify the operating companies and facilities or functions that would 

be included in the initial implementation. Members of the team developed and presented a 

compelling business case prior to the implementation, laying a foundation for the data 

integration that followed.  
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Data Integration 

Data integration strategy is a critical component of APM system implementation. 

FirstEnergy’s ecosystem allowed for a fairly straight forward connectivity strategy.  The 

existing asset system of record contains all assets for every location in FirstEnergy’s footprint.  

Outside of the core asset data and inspection data, a connection plan was required for the 

operations data (near real time).  

The data integration strategy also determines the frequency of the data refresh.  In 

FirstEnergy’s case, the tools support near real time data (PI), monthly data (Cascade Monthly 

Inspections), periodic data (Cascade periodic inspections), as well as needed data as shown in 

the figure below.   

 

Data Integration Plan 

 

 

A critical lesson learned was the importance of correcting the procedures/processes associated 

with the monthly data acquisitions.  While the granular equipment data provided by the 

annual (or longer) periodic testing is far more critical data in determining the health of 

equipment, the data provided from monthly substation visible inspections occurs at such a 

high frequency that any integrity issues quickly impact the perceived health of the equipment 

and erode data quality. Educating field employees on the criticality of these procedures and 

the data early on was necessary to sustain the data integrity. 
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Detecting data issues  

The need for data to be formatted properly was addressed earlier in consideration of the as-is 

data. The comprehensive exploration of the as-is state of FirstEnergy’s data uncovered a 

number of inadequacies and issues that were addressed as part of the project. As the data was 

collected, or connections made to operational data sources, the team was aware of the need for 

it to be properly formatted and organized. Still, quality checks were essential to ensure its 

suitability for the APM tool.  

Three layers of quality checkpoints were implemented. The first is “structural integrity”, 

which evaluates the data for properties like number of digits. This includes tests to be sure 

that only numerical data (as opposed to character strings) is included for numerical values 

along with the appropriate unit of measurement. All of these structural issues are checked, and 

where problems are identified, there must be a notification and error reporting process that 

calls out the issue.  

Errors detected at this level often point out the need to develop standard procedures or train 

personnel. Field technicians using handheld devices, for example, may be assigned to record 

various temperature data. The handheld may also prompt them for other data, and rather than 

simply skipping the field, they might enter a zero. That zero becomes part of the data set and 

results in incorrect calculations downstream.  

The second level checkpoint relies on a rules-based engine to identify things like unexpected 

values. The tool can be programmed with allowable or predicted upper and lower boundaries, 

as an example. You might expect ambient temperatures for a transformer located near 

FirstEnergy’s Akron, OH headquarters to range from a high of 110 degrees to a low of -20 

degrees. The data checking process must be able to identify values outside the specified 

ranges which could represent potential errors requiring further investigation. Data identified 

as potentially incorrect at the first or second checkpoints is rejected rather than being input to 

the AHC tool.  

The third level is a “false positive”, which occurs after the data is entered into, and processed 

by the AHC tool. Some of the outputs may seem to be in error, generating action messages 

that are clearly incorrect. When those types of errors are generated, the tool must be able to 

generate an alert that attention to the data is required.  

In addition to detecting bad data, the tool must also detect lack of data because the algorithms 

require certain asset health parameters to generate valid recommendations. When any required 

data is absent, the system will generate no maintenance recommendations. The AHC tool at 

FirstEnergy utilizes a dashboard which includes a red/yellow/green visual indicator of asset 

health. When the tool lacks required data, the asset is displayed as grey, providing a visual 

indicator that additional data is required. 

LESSONS LEARNED 

A critical component of the APM implementation at FirstEnergy was the importance of 

working in phases, and choosing the initial projects carefully. Based on the as-is assessment, 

some assets or areas should emerge as being the most ready in terms of existing data 

availability. Comparing that list of most-ready opportunities to the objectives of the 

transformation initiative should surface more easily-accomplished, high-value 

implementations to pursue – the low-hanging fruit.  
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Beginning with these implementations that offer a high probability for success will strengthen 

executive support for continued efforts. Starting small helps overcome the inertia of launching 

this type of effort, and build the team’s awareness and skills while establishing the processes 

for future, more complex implementations to follow. No step is too small or inconsequential. 

Every early, small effort contributes to achieving the overall objectives. The process is 

entirely scalable.  

Comparing the as-is data that FirstEnergy started the integration with to the current data 

shows a significant quality improvement. At the outset of the project, data accuracy was in the 

40% range. It is now 70% and continues to improve as additional asset classes are included. 

While impressive – and critically important to accurate analytics – greater improvements have 

been realized in past implementations. Other utilities, for example, with initial quality of 

approximately 30% accuracy have been improved to greater than 80%. 

The integration process required FirstEnergy to not only look closely at the needed data 

sources, but it also encouraged them to explore and evaluate related activities. As one 

example, technicians assigned to work in the field and gather data typically received a day or 

two of training. Based on FirstEnergy’s realization that high quality data is essential, 

technicians now receive additional, recurring training to ensure proper execution of data-

gathering processes.  

 

SUMMARY AND NEXT STEPS 

FirstEnergy’s journey toward a transformed maintenance environment has been a challenging 

but rewarding journey. 

Like many utilities, FirstEnergy is a large and complex organization with many facilities and 

multiple operating companies. At the outset of a data acquisition project of this scale, the task 

seemed overwhelming. Organizations are quick to conclude that data-related inadequacies 

would make the implementation of an enterprise wide system that uses such data pointless. 

This, though, is a self-defeating conclusion. FirstEnergy, fortunately, knew the data integrity 

issues within its ecosystem before embarking on the APM journey and dedicated resources to 

both the project and the sustaining organization.   

ABB’s experience has been that organizations are typically in better shape than they believe 

themselves to be. Small steps focused on assets or functions that are best prepared lay the 

foundation for future success that can be scaled to the extent desired. The process will not 

only generate improved efficiencies and quality of service, but also encourage development of 

new and more efficient operational practices for data gathering  

The introduction of lower-cost sensor technology, the availability of electronic data on assets, 

credible tools such as the AHC, and the rising cost and criticality of the assets themselves, 

clearly drives utilities to consider the implementation of an APM system.   
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Implementation of APM systems is currently growing at over 10% annually, a trend expected 

to continue over the next decade. These organizations have recognized the fact that data can 

be used to monitor the most critical assets, identify potential issues long before a fault occurs, 

and take smart, efficient predictive maintenance actions. Estimates are that a predictive 

approach can reduce maintenance costs by an order of magnitude while mitigating the costs of 

catastrophic failures [5]. The figure below shows an example of the characterization of 

relative risk of the asset, a transformer in this case, at a substation and places the risk in 

clearly marked zones (Red indicates urgent action is needed, Yellow indicates action is 

needed soon, Green indicates no need for action now) indicating the need for action based on 

its placement on the grid. 

 

 

FirstEnergy’s implementation is showing good early success.  The utility is in the process of 

expanding its APM system to cover the entire service area footprint of 10 operating 

companies (over 100,000 transmission assets) to not only encompass more individual assets, 

but also transmission lines. These lines are may be 100 miles long and have thousands of 

components, but the goal is to be able to evaluate them as one asset and determine a health 

rating for each transmission line.  

As more utilities move toward asset performance management, there will be many efforts like 

FirstEnergy’s to identify, acquire, and deliver the required data.  
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