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SustainabilityData

ChE + Data Skills

ChE + Data Skills

Traditional ChE Skills Data Skills

• Chemistry

• Thermodynamics

• Reaction kinetics

• Unit operations

• Process design

• Process control

• First-principles based 

process modeling

https://www.linkedin.com/pulse/cheche-data-skills-compassion-helen-lou/?trackingId=OO9Zob42K62M8tfa0osuNA%3D%3D

• Statistics

• Statistics

• Data preprocessing

• Feature engineering

• Representative ML algorithms

• Evaluation matrix

• Uncertainty

• Time series analysis

• Data analytics using spreadsheet/phython/R

• Basics of database management

• Data scraping and data crawling
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Data Skills

Spreadsheet is popular in the plants,

and it is highly desirable for chemical

engineering students to learn how to

analyze data using an Excel

spreadsheet

Data Skills

Chemical engineers should

understand and be able to

handle uncertainties in

production
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Combined Expertise for Success

Computer 
Science

Chemical 
Engineering

Data 
Science

Using AI for Process Operational Excellence 

Decision

Relationship

Key Information

Data

7

8



11/14/2021

5

 Selectivity improvement: >3%

 Annual Profit increase ($/yr): ~4.3 Million

Example 1: An Ethylene Oxide Process

Example II: An Ethanolamines Process

 Reduce undesirable byproducts by 66%

 Save $0.3/lb

MEA:Monoethanolamine
DEA: Diethanolamine 
TEA: Triethanolamine
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Example III: Combustion Modeling and Predictive Flare Control

Objective: Optimize the Flare Operating Parameters
(steam/air injection rate and supplement fuel gas flowrate)

 Meet compliance of Combustion Efficiency (CE)/Destruction Efficiency 
(DRE) and opacity (no visible smoke)

 Minimize operating cost

Background: EPA Refinery Sector Rule (RSR)

 Destruction efficiency (DRE)  98% or

 Combustion efficiency (CE  96.5%)

 No visible smoke

 Pilot flame present all the time  

 Combustion zone net heating value (NHVcz) ≥ 270 BTU/ft3 on a 15-
minute rolling average

Optimized Assisted Steam vs. Historical Data 

Net cost saving:
Avg – 38.5%
Min – 16.0%
Max – 74.6%

Optimized NHVcz vs. Historical Data 

Optimized Opacity vs. Historical Data
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PBL: Refinery CDU Heat Exchangers Fouling Diagnosis

Monte Carlo Simulation

Lou, H. H.,  Y. Chen, and R. Singh, “Problem-Based Learning on Incorporation of Data Analysis 
Skills into Chemical Engineering Senior Advanced Analysis Course,” Smart and Sustainable 
Manufacturing Systems (March 2021), DOI: 10.1520/SSMS20200027.

Closing the Skills Gap in the “Advanced Analysis” Course

• Recap of basic statistics: this include how to describe the characteristics of a

given data set using terms of mean, median, mode, standard error, standard

deviation, sample variance, kurtosis and skewness, confidence level, etc.

• Identifying the outliers

• Correlation

• Regression

• Deal with uncertainty

• Time series analysis

• Optimization
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Problem Based Learning (PBL) Approach

• A student-centered approach

• Team work to solve open-

ended problem

• Problem drives the motivation

and learning

Skills Developed in PBL

• Team work

• Managing projects and holding

leadership roles

• Oral and written communication

• Self-awareness and evaluation of group

processes

• Working independently

• Critical thinking and analysis
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Monte Carlo Methods 
Applications in Chemical Engineering

• A statistical approach to provide approximate solutions to mathematically
complex optimization or simulation problems faced with uncertainty by using
random sequences of numbers.

• Monte Carlo simulations are used to model the probability of different
outcomes in a process that cannot easily be predicted because of the
intervention of random variables.

• In an application of asset reliability, heat exchanger performance was modeled
considering manufacturing tolerances and uncertain flow distribution.

Case Study

• Students introduced to

• fundamentals of statistics

• outlier detection using IQR

• Monte Carlo simulation

• The students were divided into groups of 4–5 people each

• They were asked to figure out which heat exchangers in a refinery need to be

cleaned with the help of Monte Carlo simulation and statistics analysis.
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Case Study

• Two years of related operation data from a crude distillation
unit in a refinery

• The heat exchanger bank consists of seven counter current
heat exchangers

• Raw crude on the tube side

Schematic Flow of the Process
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Process Data

• Flow rates, bph

• Crude densities, lb/ft3

• Outlet and Inlet temperatures, F

• Exchanger area, ft2

• Number of shells

• Heat capacity of the fluid, Cp

• Designed value of heat exchange rate, QDesign

• Heat transfer coefficient during normal service, UService

Fundamental Equations

(1) LMTD = [ ]

 [ ]

Where:

Ti1 = shell side inlet temperature,

Ti2 = shell side outlet temperature,

To1 = tube side inlet temperature, and

To2 = tube side outlet temperature.

(2) Uvalues = 
∗

Where:

QDesign = design value of heat exchange rate, and

A = heat exchange area.
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Sample of LMTD & HT Coeff Values

Sample of Process Data

23

24



11/14/2021

13

Monte Carlo Simulation

Statistical Results of MC Simulation
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Cleaning Recommendations

Cleaning Recommendations
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Discussion

• The calculated U values for each heat exchanger were compared with the

design U value for each of the heat exchangers. If the calculated U value was

70 % less than the design U value, cleaning was recommended.

• It is possible that the U value might never meet the design U value, even after

a full-service cleaning. This gives the engineer a better idea of what type of

recommendation to make in terms of cleaning/servicing.

• Based on the data analysis of these heat exchangers, the students

recommended which heat exchangers should be cleaned. The type of

cleaning (shell only or both shell and bundle) can be determined through

looking at the past maintenance history.

Conclusion

• This project was well received by the students

• Some students eventually worked in the refineries as
process engineers or maintenance engineers after
graduation. This project helped them obtain some essential
skills needed

• It is demonstrated that a PBL approach is highly effective for
teaching data analytics.
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Thoughts

• Understand our customers - students

• Communicate with the industry

• Be adaptive

• Share the experience

Acknowledgement
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• Lamar University Center for Midstream Management and Science
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