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“What steam was to the 18th century, electricity to the 19th and hydrocarbons to the 

20th, data will be to the 21st century,” said Rometty, chairman, president, and chief 

executive officer of IBM. “That’s why I call data a new natural resource.” 

Companies understand that information is of strategic 

importance and critical to the success of any organization. 

Every part of an organization is making decisions daily, based 

on data they collect, process, analyze, and review. The global 

pandemic heightened the need for digital transformation for 

all organizations in all industries and, process manufacturers 

are no exception. 

The rise of Industry 4.0 technologies has further driven this 

trend and with more and more data available, organizations 

are struggling to reap the benefits of this data. 

At the same time, the industry acknowledges that poor 

engineering information can have real and significant impacts, 

but little research has been done to quantify this. In this mix of 

promises, the need to improve, data overload, and challenging 

data quality, companies are struggling to define where and how 

to start.  

This whitepaper focuses on an organization’s quest for new 

gold to transform data into a decision-making asset. 
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What is data for Owner Operators? 

Owner Operators collect vast amounts of data. One way to 

describe the types of data being recorded is to look at the 

various levels of the Manufacturing Execution System 

(MES). The MES system is the culmination of tools and 

technologies used at various levels to manage the 

operations of the facility. Often the MES is also displayed 

as the automation pyramid for which a sample is shown in 

Figure 1.  

 

Figure 1 – Manufacturing Execution System Pyramid 

Let us look at each of these levels and see what type of 

data is being collected.  

 

• Level 1: Control & Field – At this level, the input 

from the field is generated by sensors and equipment 

available in the field. Temperature, pressure, rotational 

speed, valve status, and many other variables are 

generated at extremely high increments. The inputs 

generated at this level are provided to the second level in 

the pyramid.  

 

• Level 2: Operations – The second level provides 

low-level automation in the form of Programmable Logic 

Controllers (PLC’s) which ensure basic controls for 

individual systems and operate and respond at very high 

speeds.  

 

• Level 3: MES – The third level is the MES level; 

often in the form of a DCS or SCADA system. There are 

obvious differences, but for this article their function is 

the same, which is to provide overarching control of the 

facility across multiple systems. Click here for a good 

overview of those differences: https://realpars.com/dcs-

vs-scada/.  

 
• Level 4: ERP – The ERP level provides integrated 

resource planning and controls the planning and 

resources required to generate the desired production.  

 

Each lower level can produce data which can be used by 

a higher level to create a more integrated system. 

Research on this integration suggests that to reap the full 

benefits of industry 4.0 technologies and utilize Digital 

Twin’s, data needs to be aligned at all levels [2]. 

 

A second description of the data being generated is the 

supporting data used to ensure safe and compliant 

operations such as drawings, specifications, 

environmental reports, work processes for Management 

of Change, training records, and many others. Where the 

MES generates vast amounts of transactional and real-

time data, the supporting data is more static. With the 

data being more static, the change controls put in place 

on this data are rigorous to ensure the safety and 

compliance of the facility.  

  

When both types of data are presented in one overview, 

it becomes more evident how they interact and the 

importance playoff each in day-to-day operations. This is 

displayed in Figure 2.  
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Figure 2 - Transactional and static data 
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Figure 2 is an overview of the two important data sets. 

There are many interaction points and operators, 

engineers, planners, and project managers will use both 

data sets daily to operate the facility. In an ideal world, 

the data sets are aligned, represent reality, and support 

the operation. The truth; however, is very often different 

as we see companies struggling to keep the data updated 

both vertically and horizontally across both data sets. 

During the 2012 OTC conference, it was stated that there 

is often a 12-month lag time between the real world and 

all information systems being correctly updated [3,p. 10]. 

 
What is the impact of poor data? 

So companies struggle to maintain information. So, what; 

why does it matter? Engineering Information 

Management professionals agree that poor information 

has an impact, but in researching this issue, they have 

found that quantifying the impact can be difficult. And, in 

general, research on this issue is limited. The common 

focus is around safety, compliance, efficiency, improving 

equipment reliability, and so forth. Let us review these in 

more detail and see if there is a business case to be 

made before we start digging.  

• Trust - 50% or worse, from a limited poll during 

a live event, among process manufacturing companies, 

50% of the attendees rated the trust level of their 

information at 50% or worse. Meaning that at a minimum 

a field-check is required, and multiple systems would 

need to be verified, before committing changes to critical 

information [4].  

 

• Perceived reliability - 60%, from a study 

conducted in 2016 amongst 9 petroleum production 

facilities and 133 interviews, 60% of the group describes 

that communication & access to information, combined 

with the efficiency of the tools available have a 

considerable influence – in a negative way – on the 

perceived reliability of the equipment [5]. 

 

• Safety / Incidents - 86%, When an incident (or 

near miss) happens, 86% of the attendees believed that 

poor, missing, and or not timely information was a large 

contributing factor to the event. This was a question 

asked during a live event amongst process 

manufacturing companies [4].  

 

• Cost – 10% of the Operating budget, from a 

recent study in 2019, it was concluded that up to 10% of 

an annual operating budget could be lost because of 

poor engineering information. Many variables are used 

and depending on the specific situation these numbers 

will vary a lot. However, the range of potential cost is 

significant for any asset which provides a solid start for a 

business case.  
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• Cost – 1.5% of annual revenue – from research performed by ARC Advisory group it was found that the cost of poor asset 

information can be upwards of 1.5% of an organization’s annual revenue. Throughout this study, these numbers were 

validated against other known studies to contrast and compare and validate the outcome of the study [6].  

 

• Cost – 15.8 billion per year – from a well-known report produced by the National Institute of Standards and Technologies, 

it was estimated that the inadequate interoperability of information is costing the capital facility industry a staggering 

amount yearly. Although this study was performed in 2004, reviewing some of the more recent research shown above, the 

presented number still appears relevant [7]. 

 

With this knowledge, it should be easy to convince leadership that investing in improving the quality of information is of 

foremost importance The reality; however, is very different given that most of these figures represent soft and or indirect 

savings and results that require not only a system, but also organizational changes in culture, structure, and work methods to 

fully reap the benefits. The most recent research from Volk and Coetzer has produced a taxonomy showing an overview of the 

cost involved with poor engineering information for a facility [8]. Figure 3 shows an overview of the defined taxonomy.  

 
Figure 3 - EI Cost Taxonomy (Coetzer) 

Executives have grown weary of large IT projects that take a lot of time and appear to have limited hard benefits. While 

improving data quality sounds a bit mundane; coupling data quality with Digital Transformation and improving how business is 

conducted will have a higher chance of arriving at the executive agenda.  

 

To provide some practical guidance, Frank et all, describe stages of industry 4.0 implementation patterns, where vertical 

integration of information systems is one of the elementary steps to allow a company more advanced scenario. In the first 

stage, most companies focus on vertical system integration, energy management, and traceability of materials. The second 

stage will focus on automation and virtualization. The last stage will focus on making the production process more flexible [9].  
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From different points of view, we now see that the quality 

and integration of data is essential for not only improving 

the current operation but also for embarking on any type 

of transformation project. As the journey continues, 

establishing the meaning of data quality is an integral 

part of this quest. 

 

What is data quality?  

 

Throughout this whitepaper, the terms data and 

information have both been used. Although these terms 

are used interchangeably from time to time, there are 

clear differences. Among academics, similar definitions 

emerge. Data is defined as a discrete and objective 

description of events; for example, a temperature 

reading for an instrument in the facility or a listing of 

dates for approved changes to the facility. Information is 

defined as data that has been transformed to add value 

in a specific context by condensing, categorizing, and 

other means to support the decision-making process 

[10]. A good example in this sense is to use the database 

with recorded changes (MOC’s) to find trends related to 

equipment. Are specific pieces of equipment more prone 

to failure compared to others is a valid question that 

could influence buying and replacement decisions. 

 

Another popular buzzword in this discussion is “BIG” 

data. The obvious point to look for big data applications 

is like the automation pyramid with technologies such as 

predictive maintenance. In the context of big data, there 

is often a reference to the five V’s. Volume, Variety, 

Velocity, Veracity, and Value. Very simply, Volume speaks 

to large amounts of data either stored or in transit, 

Variety speaks to both structured and unstructured data 

and a wide variety of data sources, Velocity speaks to the 

speed at which the data increases, often this is at a high 

level, Veracity speaks to the accuracy and quality aspect 

of the data, Value speaks to the value for the 

organization {11]. Big data is not a state or a thing that 

one can achieve but more a framework for tools and 

methods used with these varying data sources to deliver 

value from these complex and large data sources.  

  

 

 

 

While combining different data sources at large volumes 

with varying complexity across structured and 

unstructured data is at the core of a BIG data project, it is 

easy to see how important it is to have data aligned both 

horizontally and vertically. 

 

For many facilities, through the years, data has been 

managed differently, and an example of this might be 

that a simple equipment TAG is labeled differently in the 

different systems.  

 

Searching for information on a specific pump becomes 

that much more difficult and users must navigate 

between asset management, drawings, and SCADA 

systems to find the information they are looking for. 

Aside from system requirements that “enforce” 

differences, information is often transferred in a manual 

way which compounds the underlying issue.  

  

Although there is a logical inclination to look at the 

automation pyramid for big data applications, using the 

asset management systems and document management 

solutions can provide a trove of useful information. 

Utilizing process analytics, it is now possible to optimize 

business processes, while learning from real-world 

application usage and therefore ‘unbottle necks’ common 

work processes.  

  

Finally, data is classified into two major types. Structured 

data, which is data stored in databases such as 

historians, ERP systems, document management 

systems, etc. Structured data is often used for reporting 

and analytics. And unstructured data such as documents, 

drawings, specifications, emails, etc. Due to their 

unstructured nature, it is much more difficult to gain 

knowledge from this type of data. It is often referenced 

that any given enterprise has about 80% unstructured 

data and about 20% structured information.  

 

Armed with a better understanding of the kinds of data, 

let us review some of the quality aspects that are 

essential to any data set. Whether they are used for small 

scale integration or a big data initiative, these aspects are 

equally valid.  
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Data quality is, in simple terms, referred to as fitness for use. The most cited dimensions that define data quality are 

from Wand et all, [12]. Figure 4 shows a table of the most cited dimensions that describe data quality. Not all these 

dimensions are applicable for all data sources, but this table can serve as a good measure to assess the quality. 

Each of these aspects can be different for a given data source and it is up to the company to define what these 

levels of quality are given dimension. As a practical example, let us assume the information presented on the title 

block for a drawing. When referring to the completeness dimension, a company could define that a complete title 

block should contain the drawing number, revision, revision date, approver, reviewer, editor, and other elements of 

information. For the format dimension, the company could define that for each P&ID, there is at least a PDF version 

and an associated native (i.e., dwg) version of the document. Several standards are available that can serve as a 

starting point are available in this regard, for example, ISO 15926, CFIHOS, and standards from PIP.  
 

 
Figure 4 - Data Quality Dimensions 

 

 

 
What are maturity assessments?  
At present, it is close to impossible to look at any business 

process that is not dependent on ICT in some shape or 

form. To what extent this process is optimized and aligned 

with the strategic goals is a different question and relies on 

a continual improvement process and assessment of the 

current position against internal and external goals, laws, 

requirements, etc. [13].  

  

As business leaders seek these improvements, they need 

management instruments and methods to drive their 

agenda. This is where maturity models come into play; by 

using the model for evaluation of the current state as well as 

providing direction for improvements [14]. For a given 

business area (e.g., information quality), a maturity model 

allows an organization to measure itself against a given set 

of criteria.  

 

 

Depending on the design of the model, the 

measurement takes the form of level descriptions; 

where each level provides an established list of criteria 

to achieve the level. Alternatively, measurements can be 

taken based on a Likert scale approach where a detailed 

question will guide the respondent in answering on a 

pre-defined scale. In both cases, the lower score 

represents an area that is less developed, where the 

higher scores represent well developed or optimized 

areas. The scoring then presents a potential roadmap 

for a given domain as it progresses to higher levels on 

the scale.  

   

ICT Maturity models found their origins from the need 

to better manage software processes, during the late 

’80s and 90’s when many ICT projects were over budget 

and excessively late whilst often not delivering what 

was promised. The Software Engineering Institute with 

support from Mitre Corp. developed a first process 

maturity model which later evolved into the Capability 

Maturity Model or CMM [15]. Figure 5 shows the 

different maturity stages often used in maturity 

models.  
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Figure 5 - Maturity stages 

At present, maturity models are available for an almost 

unlimited number of topics. Performing a quick search on 

the internet will show maturity models for digital 

transformation, industry 4.0, project management, and 

almost any other topic one can think of. Although these 

models are widely credited for their usefulness, there is also 

a cautionary tale. The quality of the model and associated 

assessment is highly dependent on the specific application. 

To use a generic document management maturity model on 

engineering information will leave out essential elements. 

There are also many maturity models created that barely 

pass the academic stage. In selecting a model and 

assessment, selecting a widely used model will ensure 

higher accuracy and relevance to your organization. 

  

Avoiding the endless admiration of 

problems.  

While maturity assessments are a great management tool, it 

is important to define the proper scope and the 

expectations for what the maturity assessment project will 

deliver. One of the key elements in digital transformation is 

to experiment and fail fast. While a maturity assessment will 

validate and provide direction, it is key to identify practical 

goals that can be resolved within a foreseeable timeframe 

and build success. Organizations currently use the word 

business agility, meaning that there is a desire to address 

problems quickly as the business evolves in an ever-

changing landscape. The purpose of an assessment is that it 

will provide a roadmap against which identified 

improvements can be executed, contributing to 

achievement of company goals. 

With the result of an assessment available, it is now time 

to translate the measurement to executable goals. One 

methodology is to discuss the different areas of the 

assessment and rate areas on a priority scale, 

considering company goals, budgets, resources available, 

etc. Based on the selected areas (e.g., Deliverables 

management) the organization then uses the SMART 

goals to define the improvement project [16].  

  

The SMART criteria are defined following:  

 

• Specific – this describes what the project will 

accomplish with a specific goal.  

 

• Measurable – this describes how the success of the 

goal can be measured.  

 

• Assignable – This describes who in the organization 

(internally or externally) will be responsible for this 

goal.  

 

• Realistic – this describes why this goal is realistic  

 

• Time-related (time-bound) – this describes the 

timeframe for when the goal is to be completed.  

 

SMART Goals combined with the outcome of the 

assessment provides management with the instruments 

to measure the status, but also any future progression. 

The defined goals provide a method to execute specific 

projects that will raise the level of maturity on the topic of 

data quality.  
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CONTACT US TODAY 

Envision your facility where all documents and data, 

regardless of age and source, are 100% accurate, up to 

date, aligned, and comply with all regulatory 

requirements.  
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