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Generating plant data and imparting it with context is the first step in 
many digital transformation projects. High-integrity data can be used 
to build soft sensors, which can reveal process insights. 

Actionable Insights 
from Automated 
Measurements

Industry 4.0 has revolutionized the way that companies 
use data and automation in manufacturing. Companies 
in the chemical process industries (CPI) in particular are 

modifying and updating their existing technologies to take 
advantage of the massive quantities of data generated by 
their facilities. Breaking data silos, curating data by asset, 
and connecting these results in new, meaningful ways can 
unlock significant value for small and large organizations 
alike. Model-based analytics software for process simulation 
is one technology that promises to help solve operational 
problems as they occur. Many companies today are embark-
ing on digital transformation projects to harness their data 
and use it to leverage powerful simulation projects.
 This article discusses how process data is traditionally 
generated and used, how data gains integrity, how to deploy 
analytics to gain insight, and how to use analytics tools to 
build soft sensors that can deepen process insight.

Process data’s humble beginnings
 Until about ten years ago, the process data generated in 
most CPI facilities was unorganized, poorly documented, 
and siloed — i.e., lacking connectivity and controlled by a 

single department or group. Engineers frequently exported 
data from specialized process control computer systems to 
Microsoft Excel for analysis. Process simulation results were 
similarly exported and combined manually into workbooks, 
which were stored locally on a computer. It might take 
several hours for an engineer to agglomerate the right data, 
interpret it, and generate a report. 
 Today, central data repositories are common, as are stan-
dard reporting practices. Process modeling and simulation 
vendors are working to break data silos and bring the value 
of simulations to a wider audience by democratizing access 
to simulation insights, making them available to any applica-
tion or user. New technology delivery methods allow simula-
tion technology to add value at the operations level, whereas 
before, simulation results were confined to the design or 
research and development (R&D) groups. Simulation tools 
are finding value in operations when set up as a digital twin, 
creating living integrity operating windows, or when config-
ured as soft sensors where measurements are difficult. 
 Facilities in the CPI are seeing new platform tools that 
require sensors to be installed to make asset health predic-
tions. Alternatively, modern first-principles-based (i.e., 
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scientific-based as opposed to empirical or correlation) 
simulation packages can complete these predictions less 
invasively and at a lower total cost. However, both solutions 
are limited by the integrity of the inputs.
 Industrial facilities have generated decades of data that 
have been largely unmanaged until now. Imagine how much 
more data companies will have in another ten years with 
the decrease in sensor costs and with industrial internet of 
things (IIoT) devices coming online. Taking a page from 
the consumer world, today’s fitness trackers are gathering 
data continuously to predict the wearer’s health and well-
being. With all of this plant data, industrial companies can 
now create a fitness tracker for their operating units that 
will indicate how units are operating, the overall health of 
assets, and when units need to be shut down for planned 
maintenance activities.
 Distilling data and information into actionable insights 
has been the focus of many digital transformation projects 
over the past five years. New platforms, integrated systems, 
and formats to consume these results have created valuable 
insights and have broken data silos. Algorithms have been 
deployed to scrub data and make decisions to throw out bad 
or unlikely results; such cleansing steps add integrity to data. 
 Solutions designed to deliver actionable insights must 
organize data, typically by asset. Organizing the values into 
a complete picture of the asset is key to applying various 
types of analytics. When companies start organizing the 
data, they are creating a picture of the asset that can feed 
analytics packages and simulation engines, creating a lay-
ered approach to analytics. 

Adding integrity to data 
 Vendors rooted in process data — such as those in the 
distributed control systems (DCS) and advanced analyt-
ics market — in the CPI talk about the quality of data and 
what it means to them. Quality is a basic concept — i.e., 
“do I trust that the signal is good?” However, high-quality 
data must also have integrity — i.e., added context. When 
customers organize single-value data into assets, they can 
look at the source tags on the datapoints and identify key 
items that influence the outcomes down the line. Knowing 
more about the tag increases the data integrity, allowing the 
data to be trusted when making decisions. A single sensor 
tag may contain information related to its source, data type, 
data attributes, asset information, criticality, and monitoring 
information (Figure 1). 
 Source system. Knowing the source system for a tag is 
important. If an engineer finds some data on a generated 
report and starts using it without knowing where it comes 
from, he or she is lowering the confidence of the organiza-
tion to make rapid decisions with that data. If the system is 
decommissioned, and if the engineer were not identified as a 
consumer of the data, they may suddenly have no access to it. 
 Data types. This attribute is very important for people 
consuming data downstream to understand. Today’s DCS 
and other operational technology (OT) systems can create 
calculated results based on the device’s understanding of 
time. For example, the device may average over 28 days 
instead of the actual number of days in the month, depend-
ing on how it was configured. 
 Field sensor and equipment installations where no 
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◀ Figure 1. Various 
attributes can enrich a 
single data tag to obtain 
a higher level of data 
integrity. This trusted 
data can now be used 
with confidence to make 
important decisions in 
the plant. 
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central time synchronization is set up can cause issues with 
how the data is calculated and stored. No adjustments for 
daylight savings time, clock drifts, etc., lead to questionable 
timestamps being added as data propagates from the control 
network to the business network. As such, consumers of 
the data write reports with moving values through the year. 
Reports can misalign across the business unit when manual 
timestamps or corrections are applied. Knowing how the 
data is gathered and stored can identify issues that need to be 
corrected, such as adding time synchronization or standard-
izing all tags to reset on the same day. 
 Data attributes. Who owns the data, how long to keep 
the data, and what path the data travels through various  
systems (propagation) are all important items to know. 
These items are directly related to managing the tag and its 
data stream.
 Asset info. This group of attributes connects information 
typically found on the piping and instrumentation diagram 
(P&ID) to the tag. Having this information can help speed 
equipment repairs, calibration, and other maintenance tasks. 
 Criticality. The criticality of the data helps the organiza-
tion understand the priority of repairing the source signal 
(process value) in the field. Knowing what values are criti-
cal to running the facility can ensure uptime as repairs are 
planned and scheduled. 
 Monitoring. When data is crucial to an operation, know-
ing that the source system isn’t communicating is critical. 
Support groups, such as IT, work to provide monitoring, 
alerting, and restoration services for inaccurate or unavail-
able signals from the field. Setting up and documenting the 
form of error handling is another informative aspect of data 
propagation. Options include using the last known value with 
a new time stamp, marking the quality as questionable, or 
writing “bad” to the tag value to prevent its use.
 Capturing these attributes, in addition to the actual asset 
information being measured by the sensor tag, builds trusted 
data that can be used with confidence in layered analytics 
and simulations.

Layered approach to analytics
 Accurately tagging data, as shown in Figure 1, estab-
lishes trusted data and lends integrity to the source informa-
tion. The next step is applying a layer of data refinement; for 
example, users may want to apply averages, summations, 
etc. to feed into the plant or enterprise key performance 
indicators (KPIs). Perhaps consider implementing simula-
tion engines fed with real-time plant data as a first layer of 
analytics in the company’s digitalization project. 
 Process simulation companies have been working, and 
succeeding, in developing simulation tools that are fueled 
by real-time values. Facilities can automate this process of 
data transmission using an application programming inter-

face (API). In simple terms, an API is a set of functions that 
allow the creation of applications that access the data within 
an operating system or application. A cloud API enables 
applications to communicate and transfer information 
via the cloud using a set of definitions and protocols. The 
RESTful-API is an IT-industry-standard API that conforms 
to a specific architectural style (1). 
 In a CPI facility, RESTful-API is one technology that 
can be used to run simulations and provide results for 
storage in the company’s central data repository. These 
simulations are similar to those that the R&D and cor-
porate simulation groups may have been using for years. 
Now, these trusted simulations are expanding to the cloud, 
becoming more scalable and accessible, and are available to 
the larger enterprise. 

Soft sensors evolve from simulation technology
 Simulation engines are not just running single cases — 
one set of inputs to produce one set of outputs — anymore. 
Simulation results are being shared with the whole plant 
in near real-time, thanks to scalable cloud technology and 

Teamwork and Embarking on a  
Digital Transformation

Gathering data, giving it integrity, and layering in ana-
lytics and simulation are all part of a digital transfor-

mation. Any digital transformation project requires three 
key entities: people, process, and technology. The order of 
these items is significant; people are the most important 
part of a digital transformation. 
 Often, there are conflicting forces pulling the informa-
tion technology (IT) team and engineering — i.e., opera-
tional technology (OT) — team in different directions. No 
single group can successfully navigate a digital transfor-
mation alone; these groups must work closely and respect 
greatly what the other party brings to the table. In other 
words, an IT/OT convergence is needed.
 For example, if the OT team decides to pursue a digital 
transformation project without consulting IT, the overall 
solution will likely be very cumbersome and would benefit 
from IT support. However, if IT is tasked with leading the 
digital transformation alone, they do not usually have 
the plant experience that can help them solve the prob-
lem. The IT team is more likely to embark on a project 
immediately based on the knowledge of what database 
they want to implement without knowing what goes into 
that database. 
 Balance is crucial between both stakeholders. IT does 
not know chemistry and process engineering to the level 
that the engineers do, and the engineers do not know inte-
gration like IT does. But together, these teams can create 
and implement a fantastic solution that solves problems, 
delivers on the promises of digital transformation, and 
adds value to the organization. 
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automation updates. Simulation engines can be used to create 
integrity operating windows, for example, to predict cor-
rosive environments in a vessel, allowing operators to take 
immediate action. Another use is creating soft sensors that 
measure by simulation where physical technology is limited 
or has failed. Using real-time values of pressure, temperature, 
and last known water analysis, for example, the simulation 
engine can create a digital pH sensor to understand the condi-
tions in a unit such as the reflux drum water outlet of a crude 
overhead system. Typically, this system is a brutal environ-
ment that is very rough on pH sensors. A simulation soft sen-
sor allows operators to measure and take action. Soft sensors 
enable a whole host of new applications and use cases. 
 Another use case for soft sensors involves chemical 
additions in a product reactor. Soft sensors can give opera-
tors the insight to know how much additive to put into 
a reactor to shorten the batch time for the right pH to be 
achieved. Historically, the operator may directly dump 
additives by the cupful into a batch reactor, test the pH with 
paper, and manually add more additive until the pH is cor-
rect. A seasoned operator had experience to correlate how 
much additive to use based on the pH result. New operators 
lack this knowledge and may make gross additions without 

guidance. What should have taken 30 minutes to make a 
batch now takes over 24 hours due to lack of experience and 
limited knowledge on the resulting chemistry. Using such a 
manual process causes the product quality and consistency 
to suffer, and creates a backup on batch orders. The facility 
can now use simulation tools to predict the pH, allowing the 
operator to make more precise additive additions to deliver 
on plant KPIs and product quality goals.

Using automated process simulations
 Digital transformation projects should incorporate the 
best technology products integrated with industry standard 
communication protocols to improve a process. This will 
entail curating data with a high degree of integrity, applying 
layers of analytics, and forming a robust team to build new 
integrated simulation-based solutions. Often, these solutions 
involve monitoring equipment and keeping industrial plant 
assets healthy. 
 The two safest conditions for a process unit are often 
said to be fully shutdown or running at steady state. 
Additional hazards arise when the plant transitions from 
one state to the other. Therefore, preventing unplanned 
downtime not only helps a facility meet production goals 
and reduce costs, it is also safer. Preventing asset failures 
with targeted equipment reliability is one common digital 
transformation project. 
 Case study: Crude unit overhead. This integrated solution 
example will focus on detecting corrosion risk in a crude dis-
tillation unit overhead system. The goal of the project was to 
prevent failures in this system with the help of soft sensors.

▲ Figure 2. A crude unit overhead corrosion monitoring solution was implemented, where boot water pH and ionic dew point are soft sensor outputs from simulations. 
These soft sensors can alert operators and provide corrective action guidance for protection of the unit.

Lack of training will greatly hinder digital 
transformation projects. Even the best tool in 

the world will not be helpful to plant personnel 
if they do not trust it or know how to use it.
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 One such soft sensor was implemented to calculate ionic 
dew point (i.e., salting point), which is a leading indicator 
of corrosion in the overhead line. This value was calculated 
using the current temperature and pressure, as well as the 
most recent “accumulator boot water” analysis data. The 
accumulator boot water is the sour water that is withdrawn 
from the reflux drum downstream of the condenser. 
 With this soft sensor in place, the operations team can 
determine if a corrosive state is present in the overhead sys-
tem and take prompt and corrective action to optimize their 
chemical injection rate to avoid operating at the ionic dew 
point. An additional soft sensor was implemented to calculate 
the boot water pH at operating conditions, which is different 
from standard lab testing conditions. These soft sensor out-
puts allow for optimized chemical injection and wash water 
flowrates to prevent corrosion, avoid chemical over or under 
treatment, and ensure a healthy asset. Wrapping another layer 
of analytics around these outputs, the integrated solution 
can trigger alerts and specify standard operating procedures 
(SOPs) or abnormal operating procedures (AOPs), such as 
prompting the operator to increase wash water. 
 Figure 2 shows the overhead corrosion monitoring solu-
tion. The fully integrated solution includes a depiction of the 
unit, inputs, outputs, and analytic indicators. At the bottom 
left corner, the monitoring solution also includes actions that 
the operator should take to protect the unit, as well as an 
acknowledgment button.
 Incorporating a simulation engine to generate integrity 
operating windows allows operations staff to run the plant 
with more clarity. Simulation results are leveraged to trans-
form real-time plant data into an analytic indicator show-
ing when the unit is operating under conditions that would 
create a corrosive environment. Providing visual indicators 
of the corrosion risk (as noted with yellow highlights in 
Figure 2 on the overhead line and slide at the bottom right) 
allows operations staff to view plant conditions and take 
corrective actions. This indicator data can be accumulated 
to project long-term asset health. Analytics, artificial intel-
ligence (AI), and/or machine learning (ML) packages can 
also utilize this indicator data, further extending the value of 
simulation outputs.
 One major advantage of this monitoring solution is that 
the boot water pH can be monitored continuously, where it 
would be very difficult to install a physical sensor. This soft 
sensor allows operators to continuously monitor the system 
as plant conditions change. Both soft sensors are online and 
running without requiring any changes to the physical plant.

Breaking silos
 These types of simulation results were previously siloed 
with simulation experts in the past — unavailable to opera-
tors or process engineers. The integrity operating windows 

were established perhaps on a yearly basis, if at all, and did 
not account for changing conditions or opportunity crude 
changes. When the simulations are automated, chemical 
engineers and other personnel can see the possibilities to 
improve the efficiency and effectiveness of their process 
operations. Knowledge can be codified into procedures or 
dashboards to ensure consistent application. With technol-
ogy such as the RESTful-API, customers can reprocess all 
of the inputs against the simulations since the plant’s last 
turnaround and gain a full picture of the corrosive environ-
ment exposure. 
 As a next layer of analytics, users can now apply AI 
or ML to these results to make critical equipment health 
decisions. AI or ML can be used to predict future problems 
and alert operators of impending failures or upsets. Training 
users on the analytics and AI tools is paramount for suc-
cess. An effective way to enhance the bonds between the 
engineering and operations teams is to spend time working 
through the value of the simulation outputs and what they 
mean to the unit. Lack of training and buy-in will greatly 
hinder digital transformation project implementations. Even 
the best tool in the world will not be helpful to plant person-
nel if they do not trust it or know how to use it.

Looking ahead 
 A solid foundation with high-integrity data is an invest-
ment with demonstrated high returns. As companies embark 
on their digital transformations as part of Industry 4.0, data-
points will continue to increase in complexity. Gone are the 
days of single datapoints with little context about where they 
are generated or who is using them. 
 Implementing simulation-based soft sensors within 
processes in the field will become even more valuable and 
enable new business outcomes. Strong stakeholder engage-
ment and buy-in will ensure their continued use and success. 
Soft sensors have a direct role to play in delivering a valu-
able digital transformation today and shaping high-value 
outcomes for the future. 
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